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LLY THUYE’:F C§ PIEN VE KHi
PIEN TU CUA DRUDE
M6 hinh Drude — Lorentz ( 1900 — 1905)

e Kim loai gdm cdc ion duong ning
nim G cdc nit mang

e Cac electron hoa tri tich khoi nguyén
t¢ va chuyén dong tv do trong kim
loai tao thanh khi dién tu tu do.

Paul Drude

Theo Drude cédc electron dan dién trong kim loai nhu céc

hat co di€én chuyén ddng tu do trong “ hdp tinh thé”
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- C6 thé dung thuyét ddong hoc phan t& d€ md ta

tinh chat cua n6 dua trén cac gia thi€t sau:

< Céc dién tf khi chuyén dong ludn bi va cham.

® A / / * AN /? A\ ey
¢ Giira cac va cham cac dién t0 chuyén ddng tuan theo
cac dinh luat cua Newton.

¢ Thai gian bay tu do trung binh t cua cic dién to khong
phu thudc vao vi tri va van tdc cda nd.

* Khi va cham xdy ra tc thsi 1am van toc cta dién t bi
thay d6i dot ngdét => cd ché& chinh lam cdc dién ti can
bing nhiét véi moi trudng xung quanh hodc trd lai trang
thdi cAn bang khi thoi tdc dung ngoai lyc.
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Khi khong ¢6 dién trudng

C4c electron chuyén dong
nhanh va thudng xuyén thay
doi chiéu.

Khi ¢6 dién trudng

1. Van c6 chuyén ddng hon
loan

2. Thém chuyén ddng trung
binh ¢6 hudng theo phuong
cua dién trudng
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Trong dién trudng, electron c6 hai loai vin tdc : vy va vy

Vi v << vy (chuyén dong tu do - chuyén dong nhiét) nén chuyén
ddong c6 hudng cla tip thé electron khong dnh hudng ding ké
dén thdi gian bay tv do T va do d6 dd dan dién o

Khi dit 1én mot vat din dién mot dién trudng g thi cdc dién tit ty
do trong kim loai chiu tdc dung cta luc dién trudng chuyén dong

¢6 huéng vdi van toc trung binh v, (vin tdc cudn).

Do d6, trong vat sé xuadt hién mot dong dién c6 mat do tuin theo
dinh ludt Ohm: B .
1 =0 E
Vé6i o= do dan dién riéng ciia vat dan.
Luc dién trudng tic dung 1én dién tir 1a:

e

F= CE

(&7


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

Mit khdc trong qué trinh chuyén dong cdc dién ti ludn bi
tdn xa trén mang tinh thé = tuong duong vdi luc ma sit
co dang:

—_

1 —_—
F —'sz

ms

Theo dinh luat II cua Newton ta co:

F + Fms=m5
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Chon di€u kién dau t = 0; v(0) = 0 ta c6 nghiém cua

phuong trinh ¢6 dang:

V = ﬂ[l_exp —J

Ban dauv (0)=0 = Fms:O

Dudi tac dung clia luc F_ vat chuyén dong nhanh dan
= ting din cho dén khi 6n dinh thi:

Fe+ f;IIlS: ()

= khi d6 dién t& chuyén ddong déu véi van tdc khong
doi v,
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1 cE
= —mvy=-eE=>v;=- —71
T m
Ta co:
cE n eZE
J=nevy=nef-t="""71
m m
Mat khac: 2T
ne -
J=cE=o0= = n.eu
o7 m
I — = d0 linh dong cua dién tu

1Tl N . A ~ . A °
T = thG1 gian ho1 phuc; n, = néng do dién tu.
Véi j~1 A/lem?; n~ 10*2 cm™ thi v, ~ 10 cm/s
Né&u coi cidc dién tf ty do trong kim loai nhu khi dién t thi van toc tu
do (van toc nhiét) v cua cac dién tu dugc tinh theo cong thic:
1 3

—mv,.= — kT
-~ VT 2
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Y nghia cua t
1 c6 th nguyén cla thdi gian dic trung cho tdc do thi€t 1ap ciAn bing cia hé.

T ¢6 thé coi 1a thdi gian trung binh gitta 2 14n va cham cda dién t&. Hay thdi

gian tu do trung binh cia dién tu.

t phu thudc vao van toc chuyén dong ty do (nhiét) vy clia dién tlt, v, cang 16n

thi T cang nhd.

© khong phu thudc vao van toc cudn v, clia dién t, titc 1a khong phu thudc
vao dién trudng ngoai. Do d6 dd din dién o néi chung khong phu thudc vao

di€n truGng ngoai.
© cang nhd thi hé nhiéu loan trd lai cAn bing cang nhanh.

t = Thdi gian ma sau d6 v, gidm di e = 2,718 1an, dudgc goi 1a thoi gian hoi
phuc.

Bing thuc nghiém ta do dudc o (dwa vao dinh ludt Ohm) = t~ 1014 + 1015,
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Quadng duong bay tu do trung binh cua dién tu A
Ta co: A= V. T

Trong do:
ver 107cm/s ; T~ 1014 = 1015 = A~ 10 A

THUC NGHIEM CHO THAY
% O nhi¢t do thdp
P&i véi cac tinh thé kim loai tinh khi€t d6 din dién o &

nhiét do thap 16n hon & nhiét dd phong.

= Cdc tinh thé kim loai tinh khiét A 16n hon nhiéu kich
thuoc ;
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Vi DU
Pong rit sach
6 (4°K) = 10°5(300°K)

1=23.107s; v =1,5.10% cm/s

= M4°K) = vt =0,3 cm

Mot s6 kim loai khdc & nhiét do 4°K: A ~ 10 cm
— Né&u coi tdn xa chinh clia e 12 do mang tinh thé thi A
~ angstrom

— Khong phu hop vdi két qué thuc nghiém = Mé hinh
Drude chua phu hop voi thuc nghiém.
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0 nhiét do cao

1
Thuc nghi€m cho thiy & nhiét dd cao: C~
Theo 1y thuyét co dién, 8 nhiét do cao: o ~ T 32

= Thuyét co dién khéng phu hop vdi thuc nghiém

Kim loai Do din dién (Q.m)!
Bac 6,8 . 107
Dong 6,0 . 107
Vang 4.3 . 107
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 .10’
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SU DAN NHIET CUA KHI PIEN TU

Dién tir trong kim loai vira 1a hat tai di€n va vira 1a hat tai nhiét.

Wiedemann va Franz bing thuc nghiém va Lorentz bing li thuyét da
thi€t 14p dudc cong thirc lién hé gifta hé s6 dan dién o va hé s6 dan
nhiét K nhu sau:

K _
— LT
G
Trong d6: L = const = sO Lorentz
3V Kk Y

LJLJ
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ViDU

Sy phu thudc ctda hé so6 dan nhiét K vao dd din dién ¢ ciia mot s6
kim loai & 20°C.

300

200

5 [
Ko e

Mi Rrass (Cu-37Fn)

100

e ] [ 10E00
Pd-404 0

L 12 mOt hiang s6 bang 2,3. 108 ( watt.QQ / do2)
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Gia tri thuc nghiém cia hing sé Lorentz

( don vi 108 watt.QQ / K? )

Kim loai 2/3 K 373 K
Cu 2,23 2,33
Mo 2,61 2,79
Pd 2,99 2,74
AgQ 2,31 2,37
Sn 2,52 2,49
Pt 2,51 2,60
Bi 3,31 2,89
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NHAN XET

Gid tri cia L theo coOng thdc trén tuong doi phu hdp véi thuc
nghiém.

V6i két qua nay nén thuyét Drude dugc chdp nhén trong lich st
phat tri€n cda i thuyé&t kim loai.

Tuy nhién, theo thuyét ndy Cy 14y tir k&€t qud cda thuyé&t co dién
(da khong phi hop vdi thuc nghiém) = K&t qud tring hop cua L 1a
ngau nhién.

Quiang dudng ty do trung binh A va theo thuyét Drude rit nhd

(angstrom) v&i1 thyc nghi€ém (cm)

Con nhiét dung cta khi dién t tv do theo 1i thuyét rat 16n so véi
thuc nghi€ém.

= D¢ khdc phuc can li thuyét mdi.
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IL. LY THUYET VE KHI PIEN TU TU DO
CUA SOMMERFELD

MO HINH CUA SOMMERFELD

< C4c dién ti tv do trong kim loai tao nén khi dién t& = chuyén

dong ty do trong kim loai.
< C4c dién t tudn theo phan b Fermi — Diric.

= dién tf coi nhu chuyén dong tu do trong mot ho thé ¢
bé rong bing kich thudc tinh thé.
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TINH SO TRANG THAI CO NANG LUONG E
CACH I

Pon gidn: Xét tinh thé dang huéng dang khoi 1dp phuong
canh L.

Ap dung di€u kién bién Born-Karman, vector séng k
nhdn cac gia tr1 gian doan

27[:

L

e VOii=X,y,z;n,=0,=1,+2,+3
Do d6 niang lugng cling tré nén gidn doan

B nkl Tk Tk

2m
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e Nhu vay, trang thdi cla cdc dién t& trong tinh thé
dugce dic trung bsi 4 s6 lugng tir k., k,, k, (hay n,, n,, n,)
va sO lugng i spin m..

e Tu cong thic ning lugng E ta thidy vGi cdc bd sO
lugng tir khdac nhau ta c¢6 thé c¢6 cing mot gid tri ning
luong = Suy bién.

Vi du:

Vi trang thdi ¢6: E; = 7 ¢6 6 trang thai khi chua tinh
dén spin. 2m

Vi trang thai ¢o: E, = 2E, ¢6 12 trang thai khi chua tinh
dén spin.

= Mt ddng ndng.
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TINH SO TRANG THAI CO NANG LUONG E
CACHII

Trang thdi cda dién t& dugc md td bing phuong trinh

Schrodinger: 72
VZ‘P — EIP

2m

Nghiém cta phuong trinh ¢6 dang séng phang:
Y=Cexpirys Véik= %

h2k2

Tririéng: E =

2m
Todn t& xung lugng: p=—inV

Tacé: PP =pr=mvy

Van toc cha dién to: 3 ="%

m
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e Trong khong gian k, mit ding
ning E 13 mit cau bdn kinh k ¢ thé
tich:

e MOoi trang thdi ing v4i mot gid tri
dugc phép ctia k chi€m mot thé tich:
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e SO gid tri dudc phép N, clia k trong thé tich hinh cau c6
ktr 0O - kla:

iﬂkg’ Z“

Nk — R

(271'\3

-y
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e Tuong tu, sO trang thai N ¢6 ning lugng E trong khodng
tvr 0 — E:

N v l2m) ?
=2

6 A

dN, _ v {2m) !

= g(E)=—==

dE 47> L A

J E>= ham mat d6 trang thai

e SO dién tir trong thé tich V c¢6 ning lugng nim trong
khoang E + E + dE la:

dN = 29(E)f(E) dE
eTrong d6 f(E) 12 hAm phan b6 Fermi — Diric.

e Thira s6 2 12 do mdi trang thdi c6 thé chita 2 dién ti.


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

Ham phan b6 Fermi - Dirac

Theo 1y thuyét cla
Sommerfeld, chi cdc
electron gdn mifc
Fermi mG1 tham gia
vao qua trinh trao
doi nhiét.

Ham  phin bd
Fermi-Dirac ¢ nhiét
do T va 0°K c6 dang
nhu & hinh .

f(B) =

exp

JE KT =oo (1. T=0)

[0

https://fb.com/tailieudientucntt
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Theo nguyén li Pauli
e Trong chat rin cic dién td dugc phian bd theo cac muc
ning luong tir thip dé€n cao.
e J 0°K, mdc ning lugng cao nhat c6 dién ti chi€m 12 mic
Fermi E.
e Vector song tng vG1 muc Fermi 1a k.
e Mit co cung ndng lugng Ep go1 1a mat Fermu.
e N&u mit Fermi 12 mit cau c6 ban kinh kg thi s6 trang

thdi trong mit cau nay la
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e Goi N 14 sd dién ti c6 trong thé tich V cida tinh thé thi
ta co:

V 3
N=2—k,

67’

1
N )3 !
31(13: 3R2—J = 3T 3
\Y

eTrong d6 n = ndng do dién t¥ trong kim loai.

K ° | ik
OSuyra: EF: K ; TF:_F , Vp = F
2m k m
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Mot sO thong
s6 lién quan
dén electron
nam trén
muc Fermi

Hoa tri Kim loai nx 107 kex 108 | vex 106 E: Tox 104
' (m>) (em™) (m/s) (eV) (K)
1 Li 4,70 1,11 1,29 4,72 5,48
Na 2,65 0,92 1,07 3,23 3,75
K 1,40 0,75 0,86 2,12 2,46
Rb 1,15 0,70 0,81 1,85 2,15
Cs 0,91 0,64 0,75 1,58 1,83
Cu 8,45 1,36 1,57 7,00 8,12
Ag 5,85 1,20 1,39 5,48 6,36
Au 5,90 1,20 1,39 5,51 6,39
2 Be 24,2 1,93 2,23 14,14 16,41
Mg 8,60 1,37 1,58 7,13 8,27
Ca 4,60 1,11 1,28 4,68 5,43
Sr 3,56 1,02 1,18 3,95 4,58
Ba 3,20 0,98 1,13 3,65 4,24
Zn 13,10 1,57 1,82 9,39 10,90
cd 9,28 1,40 1,62 7,46 8,66
3 Al 18,06 1,75 2,02 11,63 13,49
Ga 15,30 1,65 1,91 10,35 12,01
In 11,49 1,50 1,74 8,60 9,98
4 Pb 13,20 1,57 1,82 9,37 10,87
Sn (trdng) 14,48 1,62 1,88 10,03 11,64
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III. AP DUNG LY THUYET SOMMERFELD
1. NHIET DUNG CUA KHI PIEN TU

Theo li thuyét cia Sommerfeld chi cdc dién t¢ & gan mic Fermi
mdi tham gia vao qud trinh trao d6i nhiét.

G nhiét dd T, do chuyén dong nhiét, mot s6 dién t& & dudi mic
Fermi c6 thé nhdy 1én méc d6 va lam thay doi sy phan bd trang

thai cia ching.
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Trong khodng nhiét do ma ning lugng chuyén ddng nhiét
kT << Eg: chi cdc dién tu § trong dai nang lugng AE = kg T

gan mic Fermi. S6 dién ti trong dai do 1a:

An = 2g(Ep).f (E). AE

3
AN, Vv [2m )

. ;_ 3N
Trong do: g(Ep) = P 4R2Lh2J E, _—2EF
\Y
VGi: N = ZTK va d€ don gidn 14y f(E) = 1.
6
3 (1)
= An= >N| — |

2 \1, J
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Ning lugng ma khi dién tir thu dugc & nhiét do T:

()
AU = AnkyT = 2 nic1| — |
2 T/
Do d6 nhiét dung:
A
C= "U_3Nksp .7
AT T,
3Nk,
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N€u dung ham f(E) 12 hAm phan bd Fermi — Diric thi :
N, k. Z

’Y:
2E

F

e N, =s0 Avogadrd va Z = hoa tri cua kim loai.

e Viy thuyét Sommerfeld cho k€t qua khd phu hdp vdi
thuc nghiém.

rm

e Tuy nhién trong mot s6 trudng hgp yrn # Vi1 - PO 1a
do dién t khi chuyén dong trong tinh thé cé khoi
luong khac vGi khoi lugng cia cua dién tf ty do.
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2. SUDAN NHIET VA DAN PIiN CUA KHI PIEN TU
TINH HE SO DAN NHIET

Vi coi cdc dién ti ty do trong kim loai ¢6 thé coi 13 mot
chat khi nén theo thuy€&t dong hoc chat khi:

K= 1 Cv.
3

Vo1: C =9yT; v=vg A= VT

—K=1 YV Tl
3

O nhiét do phong, cdc kim loai sach thudng c6 d6 din
nhiét I6n hon cdc chat dién mdi tir 10 =+ 100 1an.

= cdc dién t0 dong vai tro troi hon trong qud trinh dan
nhiét so vé1 phonon.
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TINH PO DAN PIEN

Mat @6 dong dién dudgc tinh bdi cong thic:

i=—e) v(E)g(E)f.dE = CF
f(E) = ham phan b0 cta dién t khi c6 dién trudng ngoai.

Tuong ty ta suy dudc dd dan dién:

T = thdi gian bay ty do trung binh clia dién tf & gan mifc
Fermi.
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TINH SO LORENTZ

K nz(kB\2

or alel

e K&t qui clia cong thitc ndy phi hop v6i nhiéu kim loai
trong khoang nhiét @6 tir 0°C — 100°C.

e O nhiét dd thap (T << 6,): L gidm.

e Nguyén nhin 12 do cé su sai khiac vé thdi gian hoi

phuc t gitta qua trinh nhiét va dién.
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Kim il

loai (108 WCQY/K?)
Cu 2,23

Ag 2 31

Au 2,35
Zn 2,31
Cd 2,42
Sn 2,52
Mo 2,61
Pb 2,47
Pt 2,51
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