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I.LY THUYET CO NIEN VE KHI
NIEN TO CUA DRUDE
Mo hinh Drude — Lorentz ( 1900 — 1905 )

e Kim loai gom cac ion ddéong

nang nam O cac nut mang

e Cac alen td hoa trbltaich khoi
nguyen t0 va chuyen nong to
do trong kim loai tao thanh
khi nilen td to do.

Paul Drude




Theo Drude cac electron dan fiien trong kim
loai nhd cac hat co filen chuyen fiong to do
trong “ hop tinh the”

va co the dung thuyet fiong hoc phan té fie
moi ta tinh chat cua no dda tren cac gia thiet
sau:




“+Cac fien td khi chuyen fiong luon bo va
cham.

“+Gi0a cac va cham cac fien t& chuyen fiong
tuan theo cac fnonh luat cua Newton.

“+Thaoi gian bay t6 do trung binh t cua cac nien
t0 khong phu thuoc vao vo tri va van toc cua

no.

<+ Khi va cham van toc cua fien to bo thay fioi
fot ngot = c¢0O che chinh lam cac fiien to can
bang nhiet voiI moi trodng xung quanh hay tro
lail trang thai can bang khi ngong ngoai loc tac
dung.




Khi  khong co fien

troong:

Cac e
nong n

ectron chuyen
nanh va thoong

xuyen t

nay fioi chieu.

Khi co filen trédng :

1.
2.

Van co chuyen nong hon loan
Them chuyen fiong trung bin

co hoong theo phddong cud
nien troong




Trong fiien tréong, electron co hai loai van toc : vy va v,

Vi v, << vy nen chuyen fiong co hédng cua tap the electron
khong anh hdbéng fiang ke fien thoi gian bay té do t va do
fo Aol dan nien o

Khi fiat len mot vat dan fiien mot fiien trédng E thi cac fien
t0 t0' do trong kim loai chou tac dung cua l6c nien trédng
chuyen fiong co hodng voi van toc trung binh v, (van toc
cuon).

Do no, trong vat se xuat hien mot dong nien co mat noi tuan
theo fonh luat Ohm:

i=cE
VOI o= o dan nien rieng cua vat dan.
LOc fien tr6ong tac dung len nien to la:

F=-eE




Mat khac trong qua trinh chuyen flong cac fien to
luon bo tan xa tren mang tinh the = t66ng A66ng voi
|6c ma sat co dang:

F o=-ImV

ms T

Theo nonh luat |1 cua Newton ta co:

|:e + |:ms: ma

mOI_V:-eE-l mv

dt T




Chon fiteu kienfaut =0 : v (0) = 0 ta co nghiem
cua phdong trinh co dang:

dan = tang dan cho fien khi on fionh thi:

F o+ F=0

= khi fio fiien td chuyen fiong fieu vOi van toc
khong fioi v,




1 _ _
T
Ta co:

_ _ eE_ _ ne’E
J=nev,= nez=t= em

Mat khac: 4
2
ne-t
J=cE=o= em = n.eu

€T _ n iy TR
u= — =nolinh hong cua nien to
m
T = thdi gian hoi phuc; n, = nong noi nien to.

Voi j~1A/cm?; n~10% cm thi vy~ 103 cm/s

Neu coi cac fien td td do trong kim loai nhé khi filen to thi
van toc nhiet v, cua cac inien to NO0c tinh theo cong thoc:
1 3




Y nghoa cua 7:
T co thOG nguyen cua thdi gian nac trong cho toc no thiet
lap can bang cua he.
t co the coi la thdi gian trung binh gida 2 lan va cham cua
nien t6. Hay thoi gian td do trung binh cua fien to.
t phu thuoc vao van toc chuyen fiong nhiet v, cua fiien td,
vy cang lon thi T cang nho.
t khong phu thuoc vao van toc cuon v, cua fien tg, toc la
khong phu thuoc vao fien trédng ngoai. Do no o dan
hien ¢ noi chung khong phu thuoc vao fiien troong ngoai.
e T canhg nho thi he nhieu loan trd lai can bang cang nhanh.
e Tt = Thdi gian ma sau fio v, giam fi e = 2,718 lan, Nn60C
goi la thai gian hoi phuc.
e Bang thdic nghiem ta fio N00c o (dda vao fionh luat Ohm)
— 1~ 1014 + 10-%5s.




Quang N6oIng bay to do trung binh cua nien to A
Ta co:

A= VLT
Trong no:

vy~ 107 cm/s ; t = 101 + 10-1°s
A ~10 A

THOC NGHIEM CHO THAY
+ O ninret fio thap
Noi voi cac tinh the kim loai tinh khiet fiol dan fiien
o 0 nhiet no thap 16n hon 6 nhiet o phong.
— Cac tinhotheé kim loai tinh khiet A 16n hon nhieu
kich thOOCc A .




Vi DU
Nong rat sach
o (4°K) = 1056(300°K)
1=3.10%: v =15.10% cm/s

= M4°K) = vt =0,3cm

Mot so kim loai khac 6 nhiet fio 4°K:
A ~10cm
= Neu coi tan xa chinh cua e la do mang tinh the
thi A ~ angstrom = Khong phu hop voi ket qua thoc

nghiem = Mo hinh Drude chda phu hop voi théc
nghiem.




« O nhiet fio cao
Thdc nghiem cho thay 6 nhiet fio cao:
1

G ~—
.

Theo ly thuyet coi fiien, & nhiet fio cao:

c~ T -3/2

= Thuyet co fiien khong phu hdip véi théc nghiem




Kim loali No dan fiien (Q.m)-

Bac 6,8 . 10’
Nelile 6,0 . 107
Vang 4.3 .10/
Nhom 3,8. 10/
Sat 1,0 .10/
Nong thau (70Cu-30Zn) 1,6.107
Bach kim 0,94.10/
Thep khong rz 0,2 .10/




SO DAN NHIET CUA KHI NIEN TO

Nien to trong kim loai voa la hat tai fiilen va voa la hat tai
nhiet.

Wiedemann va Franz bang thdc nghiem va Lorentz bang li
thuyet Aa thiet lap Nooic cong thdc lien he gida he so dan
fien o va he so dan nhiet K nho sau:

LA

)
Trong no:
L = const = so Lorentz




\VARD1Y]
SO phul thuoc cua he so dan nhiet K vao fiol dan
|

Aien o cua mot so kim loai 6 20°C.

%]
]'n-'I-.'-EE

: Brass (Cu-M1n0

M
drarese (95 u-55n]
Stee] [ 10800
I;l.:Ilj e

I 1
40 50 G 70
@, 10y m!

L las mét hang soi bang 2,3. 10-8 (watt.QQ / io? )




Gia tro thdc nghiem cua hang so Lorentz

( idn vo 108 watt.Q2 / K2 )
Kim loal 273 K 373 K




Theo thuyet flong hoc phan t6:

—cv<v>k—§ >
=




NHAN XET
Gia tro cua L theo cong thoc tren toong fnoi phu
hop voi thoc nghiem.
Vi ket qua nay nen thuyet Drude id0c chap nhan
trong loch s6 phat trien cua Ii thuyet kim loaii.
Tuy nhien, theo thuyet nay C,, lay t0 ket qua cua
thuyet co fiien (fa khong phu hdp voi thoc
nghiem) = Ket qua trung hop cua L la ngau
nhien.
Quang n6ong td do trung binh A va theo thuyet
Drude rat nho (angstrom) vai thoc nghiem (cm)
Con nhiet dung cua khi fien to td do theo li thuyet
rat 10n so voi thoc nghiem.
— Ne khac phuc can Ii thuyet moi.




1. LY THUYET VE KHI NIEN TO TO DO
CUA SOMMERFELD

MO HINH CUA SOMMERFELD

¢ Cac nien td td do trong kim loai tao nen khi filen
t6 = chuyen fiong td do trong kim loai.

« Cac nien t6 tuan theo phan bo Fermi — Dirac.

= fiien t0 coi nho chuyen fiong to do trong mot ho
the co bei rong bang kich thdoc tinh the.




TINH SO TRANG THAI CO NANG LOONG E
CACH |

No6n gian: Xet tinh the fiang hodng dang khoi lap
phoong canh L.
Ap dung fiieu kien bien Born von Karman,vec t6

song k nhan cac gia tro gian fioan:

o\VOoil=X,y,Z;n.=0,£1,+2, £3
Do no nang I60ng cung trd nen gian noan:
o e (ks +k; + k)
2m




eNhO vay, trang thai cua cac fiien td trong tinh the
NOoc hac trong boi 4 so 160ng t0 k,, k, k, (hay n,, n,,
n,) va so 160ng to spin m..

eT0 cong thoc nang 160ng E ta thay vOi cac bo so
166ng t0 khac nhau ta co thel co cung mot gia tro
nang |60ng = Suy bien.

Vi du:

2

VOi traing thai co: E, = " o6 trang thai khi choa

tinh fien spin. 2m

VI trang thai co: E, = 2E, co 12 trang thai khi choa
tinh fien spin.

— Mat flang nang.
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TINH SO TRANG THAI CO NANG LOONG E

| oL eaAcHn
rang thai cua fien to N6OC moi ta bang phoong
trinh Schrodinger:

Nghiem cua phdong trinh co dang song phang:

- n 2
Y=Cexpikr Voulk:%

n°k’
2m ~
Toan to xung 166ng: P =—1AV

a co: —hk = mV

Trorieng: E =

—

e . ... hk
Van toc cua nien to; v = —




eTrong khong gian k, mat nang
nang E la mat cau ban kinh k co

the tich:

V, = ﬂ7tk3
3

eMoi trang thai 6ng voiI mot gia tro

Addc phep cua k chiem mot the

tich:

%)




eS0 gia tro iddic phep N, cua k trong the tich hinh
cauco ktdo 0 — kla:

= g(K) :dd'\ll(k =2—\;2k2 = ham mat o trang thai




eTG0Ng td, so trang thai N co nang 160ng E trong
khoang to 0 — E:

dN 2 2 .~ ,\
= g(E) = dEE :4\;2 @Tj E2 = ham mat no trang thali

eSo fiien td trong the tich V co nang 166ng nam trong
khoang E + E + dE la:

dN = 2g(E)f(E) dE
e Trong no f(E) la ham phan bo Fermi — Dirac.

e Thda so 2 la do moai trang thai co the chda 2 fiien
t0.




Ham phan bo Fermi - Dirac

Theo ly thuyet 1

cua Sommerfeld, HE)=—F" £
cht cac electron exp +1
gan moc Fermi

moi tham gia vao

qua trinh trao fioi

nhiet.

Ham phan bo
Fermi-Dirac O
nhiet o T va 0°K
co dang nhé O
hinh .




Theo nguyen li Pauli
eTrong chat ran cac fiien t6 N00c phan bo theo cac
moc nang 166ng to thap nen cao.
eO O°K, mdc nang 166ng cao nhat co fiien td chiem
la moc Fermi E.
e\/ec t0 song 6ng voi moc Fermi la K.

eMat co cung nang 160ng E- goi la mat Fermi.

eNeu mat Fermi la mat cau co ban kinh k¢ thi so
trang thai trong mat cau nay la: 4 K3
3 =




eGoi N la so fiien td co trong the tich V cua tinh
the thi ta co:

|\|:2LkF3
oT .

= K= (37'[2 ﬁjg = (371.2”);

V
e Trong No n = nong noi nien to trong kim loai.

21, 2 hk
eSuy ra: Ep = hsz ) V= —
m m




Mot so
thong so
lien

quan

nen
electron
nam trén
maoc
Fermi

Hoa tro

Kim loali

Li
Na
K
Rb
Cs
Cu
Ag
Au

Be
Mg
Ca
S
Ba
Zn
Cd

Al
Ga
In

Pb
Sn (trang)




11l. AP DUNG LY THUYET SOMMERFELD

1. NHIET DUNG CUA KHI NIEN TO

Theo li thuyet cua Sommerfeld chz cac fien t6 6 gan moc
Fermi moi tham gia vao qua trinh trao fioi nhiet.

mdc Fermi co the nhay len moc fio va lam thay fioi s& phan
bo trang thai cua chung.

—— KT ——




Trong khoang nhiet fio ma nang 166ng chuyen fiong
nhiet KT << E.: chz cac fiien t6 0 trong dai nang
|00ng AE = kT gan moc Fermi. So fiien to trong dai
no la:

An = 29(Ep).f (E). AE

3
| dN V (2 3N
Trong fio: g(Ep) :dEE ( mj E;Z

472 2F,

v k.* va fie fion gian lay f(E) = 1.

TC
— An :EN T
2 Tc

VN26




Nang 160ng ma khi inien to thu
AU = An.Kg
Do o nhiet dung:

_ AU 3Nk,
- -

NOOC O n
:g Nk, T

T=vT




Neu dung ham f(E) la ham phan bo Fermi — Dirac
thi :

y = N, k3Z

2E.

e N, = so Avogairo va Z = hoa tro cua kim loai.

e Vay thuyet Sommerfeld cho ket qua kha phu hop
vOI thdic nghiem.

e Tuy nhien trong mot so trédng hdp vy # v, . NO
la do fien té khi chuyen fiong trong tinh the co

khoi 160ng khac voi khoi 160ng cua cua fien to to
do.




2.SO DAN NHIET VA DAN NIEN CUA KHI NIEN TO

TINH HE SO DAN NHIET
Vi coi cac fiien tol to do trong kim loai co the coi la
mot chat khi nen theo thuyet fiong hoic chat khi:
K:%CVA

VOoI: C =yT; V=V A = V..1¢

1

O nhiet fio phong, cac kim loai sach thodng co fio dan nhiet
|on hon cac chat nien moi t6/ 10 = 100 lan.

—> cac fien t6 Adng vai tro troi hon trong qua trinh dan nhiet




TINH NO DAN NIEN
Malt no dong nien NGO tinh bdi cong thoc:
j=—e| V(E)J(E)f.dE = oE
f(E) = ham phan bo cua nien td khi co nien troong
ngoai.
Toong tol ta suy NOOC Noi dan nien:
2
ne“r
C = a
m

T = thOI gian bay to/ do trung binh cua fien t0 0 gan
moc Fermi.




TINH SO LORENTZ
K _x
ol 3
e Ket qua cua cong thoc nay phu hdp voi nhieu
kim loai trong khoang nhiet fio t6 0°C — 100°C.

e O nhiet Ao thap (T << 0): L giam.
e Neuyen nhan la do co sd sal khac ve thoi
gian hoi phuc t gida qua trinh nhiet va

nlen.




