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Ly thuyét cac cong th&rc can nho

Ly thuyét c6 dién Trong do
eE . 1 YT A
j=oE Vg=——T + jla mat do dong dien
m \ A ~ . A . A
+ o0 la do dan dien rieng
et LA W
el g CL0 A + v, la van toc cudn
e +nlanong do dién t&
1 3k + T la thoi gian hoi phuc
AN=v;T —mvs: = —Kkpl e
u 7 L + m la khoi lvgng electron
1 + vy la van téc chuyén dong nhiét
p=— j = nevy + p la dién trd sudt coa day dan
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Ly thuyet cac cong thwc can nho

Trong do

+ N 13 s0 dién t& co trong thé tich V.
+ I la thé tich c0a tinh thé.

+ nlanéng do dién tu.

Ly thuyét Sommerfeld

4 3
N = kalz
Ny 173
kp = (3712 —) — (&) e
/4
hlkp” Ex hkp
E — ; T = —; —rs
g 2m kg F T T

+ Er la nang lvgng muoc Fermi.

+ M
+kF
+TF

a khoi lvgng electron.
a so song Fermi.
a nhiét do Fermi.

+ Vg la van toc Fermi.
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Bai 1:

Mot mau tinh thé sat co kich thwdc 20x2x3 mm3. Dién tré do
dvoc doc theo chiéu dai cia no bang 1,62.104 Q). Xac dinh
do linh dong cla electron trong mau sat d6. Xem moi
nguyén t sat dong gop 2 electron tv do.

Biét
+ Khéilvong riéng cvasat D = 7870 kg /m?>;
+ Khoilvgng molla M = 55,85 g/mol
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Goiy

-DJE yeu Cdu Ul JQ 11 ang, ueo 1y uiuyet o dien ve Kl aien w e ao:
et

u=—
m

cho du m 1a khoi luogng electron ( hay dién tir) ta da c6 nhung thdi gian hoi
phuc 7 la1 khong co6 dur liéu nén THAT BAL

- Trong phan ly thuyét co dién cua khi dién tu, ta con cO mot cong thuc Ve

mdi lién hé gitra dd linh dong va do dan dién riéng:
o

g=neu=u=—
ne

Néu di theo hudng nay, ta phai tim duoc d6 dan dién riéng o va nong do dién
tu n
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» Tim d6 dién dién riéng o.
Theo ly thuyét, ngudi ta dinh nghia do dan dién riéng o 1a nghich dao
cua dién tro suat p

g=—
p

Mit khac, dé bai da cho di¢n tro cua sat R, va chleu dai cua so1 day /
(C6 thé suy ra chiéu dai / cua sg day tur thé tich de cho), rap thém du
kién dinh nghia d0 dan dién rleng theo dién tré suat dugc trinh bay ¢
trén, ta sé& tim duoc do dan dién riéng.
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* Tim ndng d6 dién tr n
Ta con hai dir dién 1a khoi lugng riéng D va khdi luong mol M cua sat. St
dung hai dir ki€n nay dé tim nong do di¢n tur n.
D|kg/m?3|:M[g/mol] = D/M|mol/m3| (1)

+ Tich (1) cho ta Sé' mol c6 trong 1 mét khoi sat (Khong hiéu ctr nhin thu
nguyén cua tich 2 dai luong).

D/M|mol/m3|.N,[nguyen tu] = D/M.N s [nguyen tu/m?3|(2)
+ Tich (1) nhan véi N, , N, 1a s6 nguyén tir c6 trong 1 mol chat
— Tich (2) cho ta S6 nguyén tir c6 trong 1 mét khoi sat.
2[dien tu]. D/M. Nﬁ::guyen tu/m3| = 2D/M. N |dien tu/m3|(3)
+ Do mdi nguyén tir sat cd dong gop 2 dién tir
— Tich %3) cho ta Sf’}: dién tir ¢6 trong 1 mét khoi sat hay néi cach khac di nd
la ndng do dién tu sat n.
Ta tinh dugc do linh dong u
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Giai
* Do tinh thé co kich thuwéc [d 210x2x3 mm3 . Tinh thé c6 chiéu dai 20 mm, dién tich mat 1a

2X3 mm?2,

 Tinh DO DAN DIEN RIENG
l

%= Rslom?

L _

; | = z<[@m)71]
c=—
¢ p
* Tinh MAT DO DIEN TU.
n = 2[dien tu]. D|kg/m3|: M[g/mol]. N4 |nguyen tu/m3| = 2D /M. N |dien tu/m3|
* Tinh DO LINH DONG. )

o pel(Qm)™]

= = = — =
o e U e T 2D/M. N,[dien tu/m3].1,6.10-1°

>u=23,78.10"*m?/V.s
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Bai 2

Moi nguyén t& nhém déng gop trung binh 3,5 electron dan.
Xac dinh van téc cudn trong day nhom duvdng kinh 2,2 mm
khi co dong 20 A chay qua.

Biét
+ Khéilvong riéng cvasat D = 2690 kg /m?>;
+ KhoilvongmollaM = 27 g/mol
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Goiy

- Ta c6 cong thirc tinh van toc cuon
—ek

Vg = T

m

Vay thi chi can c6 do linh dong u va dién truong E thi ta ¢ dap an.
Tuy nhién ta khong c6 dir liéu vé chiéu dai tinh the [ (ta khong tinh
duoc do linh dong u), ciing nhu 1a cuong do E. That Bai

e Nhin lai dé bai cho cuong do dong dién I, va dién tich mat S (tinh tur
duong kinh day nhom). Tu day ta co mat do dong dién j. Mat khac ta
cO

] = nevy

Ta s€ tim dugce van toc cudn vy .
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"
Gial
* Tinh M%T DC) DONG DIEN
R |
I=5

* Tinh NONG DO DIEN TU
n = 3,5[dien tu]. D|kg/m3|: M[g/mol]. N ;Jnguyen tu/m3|
= 3,5D/M.N |dien tu/m3|

« VAN TOC CUON

-=nevd=}vd=r‘:_€=STe=0,17mm/S
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Bai 3

Hoi van toc cudn trong day Bac khi co dong voi mat do 150
mA/mm?2 chay qua. Biét méi nquyén t& Bac dong gop 1,3
electron tv do.

Biét

+ Khéilvgng riéng clasat D = 10500 kg/m?>;
+ KhoilvgngmollaM = 107 g/mol

TUONG TU BAI 2.
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Bai 4

Cho mot dong dién chay qua mét mach gom mot doan day
dong dvoc ndi voi mot doan day nhom co duwong kinh gap
doi duvdng kinh cba day dong. Nong do electron cia dong va
cba nhdom tvong ¢ng bang 1,1.1029 m3 va 2,1.1029 m3. So
sanh van téc cudn trong hai doan day.
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Goiy

* Do 2 s@i day mac ndi tiép v&i nhau, nén cuong do dong dién chay
qua moi day kim loai la nhw nhau.

* Twong tv nhu bai 2, ta lan lvot tinh mat d6 dong dién trong day
déng va day nhém, sau dé tinh dong dién di qua mai loai day, Lap ti
sO dya vao diéu kién cuong do dong dién chay qua hai day la nhv
nhau dé ra ti so
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Gial

* Do hai soi ddy mac ndi tiép véi nhau, nén cvong dé dong dién qua
sgi day dong va nhom la nhv nhau = 14 = I,
* Day Nhom
+ Tinh MAT DO DONG
jar = nge(Vg) a1
+ Tinh CWUONG DO DONG BIEN qua day

2
. da;
Lot = jai-Sar = nae(Vg) 4. | 47 5
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« Day Bong
+ Tinh MAT DO DONG

Jou = nCue(Vd)Cu
+ Tinh CUONG DO DONG PIEN qua day

y)
. dc
Icu = Jeu-Scu = ncue(Va) cu- (43'1' (Tu) )

* So sanh van téc cudn:

d 2
I nCuE(Vd)Cu- (45'[ (%) )
Cu

Icuzqu[:r"—:l:} > ="
IAI df—ll
nae(g)a-| 4m B
Ner. (v dr,)? d 1 v n
Cu ( d)Cu( Cu)z —1 nhung Cu gl ( d)t:‘u = Cu _ 7,6
Nar- (Vg) a1(day) dy 2 (Wa)a ny
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Bai 5
Mot ban Kali tai dong véi mat d6 470 kA/m?2. Van toc cudn cla
cac electron khi dé bang 0,2 mm/s. Cho biét khéi lvong riéng
cUa K bang 860 kg/m3. Khaoi lvong mol la 39 g/mol. Tinh s6
electron dan ma moi ngquyén t&r K déng gop.

Goiy:
+ S dung cong thirc mat dé dong j: j = nevy

Ta da cd j,e,v, roi, ta tim dvoc n. Nhung dé khong yéu cau tim
n ma tim s6 electron dan. S& dung hai d liéu lién quan dén
khéi lvong riéng va khéi lvgng mol dé tim ra. Cach tinh mat
d6 dién t&r da néu rat ki & bai 1, xem lai dé lam bai nay.
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SETNS

Cho biét d6 dan dién cOa kim loai K bang 1,39.107 Q*m va
nong do electron ty do bang 1,4.102® m3. Tinh th&i gian hoi
phuc.
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Goiy

* Ta cd cong thirc tinh d6 dan dién riéng trong phan ly thuyét nhv

SAdu:

nesr

g =
u

Ta da c6 do dan dién riéng o, dién tich e, va khdi lvgng m cla
electron , néng do e ty do n. T day tim ra dap an.
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om
=>7=—=3,5.10""5s
ne
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Bai 7

Po dan dién cla Cu va Al & nhiét d6 phong tvong ¢ng bang

Ocy = 5,9-1070"m?,

Op =3,8.207 Q*m™.
Tinh quang duong tv do trung binh cua electron tv do trong
dong va nhom & nhiét d6 phong. Cho biét Cu c6 hoa tri 1 va Al
co6 hoa tri 3. Biét thém Cu co khoi lvong riéng va khéi luvong
mol Ian lvot 1a: 8890 kg/m?>; 64 g/mol. Biét Al c6 khéi lvong
riéng va khdi lvong mol lan lvot 1a: 2690 kg /m?; 27 g/mol
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Goiy

* Ta co cOng thirc tinh quang dvong ty do trung binh: A = vt

Vay nhiém vu bay gi¢ la tim van téc chuyén dong nhiét v va thoi gian
hoi phuc T ’ng v&i moi chat
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* Tinhv;?

Theo ly thuyét c6 dién vé nhiét dung (Chuvong 4), ta da c6 doi véi MOT
dao déng t& tlr dong nang trung binh bang thé nang trung binh va vi thé
bang 1 n&ra ndi nang cla hé. Mac khac, Pong nang cua MOT dao dong tl
(ma trong chuong nay goi la khi dién t& day) lai do chuyén déng nhiét gay
ra.

= SkBT
1
i 1 3
3 Ed_zU =>-—mvs ==kgT = vy =?
1 2 2
2
kEd = vaT

* Tinh 77

V@i cac di kién bai cho, thi ta tim thoi gian hoi phuc giong nhv bai s6 6
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T
Gial .
New = 1Dgy: My - Ny[dien tu/m?®
* Van toc chuyén dong nhiét. oL cu My - Nal /m”]

1 3
2
—mvy = =kgT Oc,M
— 2 Tew=——=2,510"115
3kgT 3.1,38.10723.(25 + 273) Ncy€
= Vr = = —31
m 9,1.10
\ \ =
= vr =1,16.10° m/s « Quang duvong ty do trung binh
* Th&igian héi phuyc N
+ Al alh _ -6
na = 3Dy My, . Ny[dien tu/m3] LT LR AR
+ Cu

crAlm
Ny e?

- == -6
=1,029.10 11 g A Cu — V7 Tcu = 3,10.107° m

Tal =
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Bai 8

Cac electron trong mot mau déng dat trong dién truong
500 V/m co van toc cubn v, = 2,16 m/s. Panh gia:

a) Bo linh dong
b) Th&i gian hoi phuc cla cac electron.
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Goiy

* Cau a:
Ta co

* Cau b:
Ta co

{jzaEzneuE Vi
. =>U=—
Jj=nevy E

et mu

U=—=p=—
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m
SU=—= —— = 4,32.10_3(7.5)

* Cav a
j=0E =neukE vg 2,16
J=nevy E 500
*Caub
et mu 9,1.107314,32.1073
U=—=T =—=

m e 1,6.10°19

.

= 2,457.10"14(s)
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Bai g

Dién tré suat cia mét mau déng bang 1,77.1208 Q.m. Tinh:

a) Thoi gian hoi phuc

b) Van téc cudn trung binh cla cac electron trong dién
trong 100 V/m.

Cho biét dong két tinh theo mang lap phuvong tam mat,
canh c0a 6 don vi bang 3,61 A° va mdt nguyén t& dong cho 1
electron dan. Biét thém Cu co khoi lvong mol lan lvot la:
M = 64 g/mol
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Goiy

* Caua

Tw bai 1, ta da c6 dién tré suat la nghich dao cia do dan dién riéng.
2

Mat khac ta lai co: 0 = . Vithé, dé tim thoi gian hoi phuc thi ta

ne-t
chi can tinh dvoc mat dc: cac dién t nira la xong (cac dai lvgng con
lai déu da co hoac tinh ra hét roi.

+ Van dé tinh nong do dién t& n
Do trong bai nay c6 cho them di kién vé cau truc cla tinh thé Cu két

tinh theo ki€u lap phvong tam mat, dya vao di kién nay dé tinh ra
mat dd, cu thé nhu sau
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Tada co

Vay D la khai luvong riéng la cai can tim. Ma
D = E Mcy
Vs don vi
vay ta phai tinh khéi lvong, va thé tich.
+ Tim Khoi Lvong
Bai cho khoi Iu’cfrlg mol, tv day ta tinh dugc khoi lvong cla1 nauyen t(r. RO
ta sé tim them s6 nguyén t& Cu co trong 1 6 don vi nva. Tich hai dai lvong

nay sé cho ta khoi lvong cua Cu. (Chuyén tim s6 nguyén tl trong 1 6 don vi
sé dvgc dé cap trong phan dudi)

+Tim s nUt va thé tich

TU cdu tric cla tinh thé déng, ta co thé tim ra dvgc tong s6 nguyén tl trong
mot 6 don vi, Thé tich 6 don vi

+TW hai két qua nay ta co thé tinh duoc khnl |U’O’ﬂ%l’l&l‘lg cva Cu, sau do tinh
dvoc mat do n. Tv day, két hop voi cacy da trinh bay trudc d6 vé do dan
dién riéng, va dién tr& xuat dé tim ra thoi gian hoi phuc.
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* Cau b:

Co 2 cach:
Cach 1: S& dung thang céng thirc
~ —eE
Vg = = T
Cach 2: S dung thong qua mat do dong |
{]j — ogE ok
e = Vg = —
N A nhe
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Gial

» Cau a
+ Tim Thé tich 6 don vi, S6 nquyén t& ca Cu c6 trong 1 6 don vi .

Do tinh thé Cu c6 cau truc lap phvong tam mat

1
= nguyen tu = 8 dinh 3 + 6 mat 5 = 4 nguyen tu

— 3
= Vﬁdﬁnvi =a


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

+ Tinh Khoi lwvgng Cu c6 trong mot 6 don vi
Do dong co6 khoi lvgng mol la M=64 g/ mol.

Vay khoi lvong cla 1 nguyén t& Cu la: Nﬂ g
A
Ma khoi lvgng Cu cé trong 1 6 don vi lai bang:

Z Mey = Z nut * khoi luong 1 nguyen tu Cu

Tong khéi lvgng Cu sé la: me,, = 4 * Nﬂ g
A

Khéi lvong riéng cua Cu:

Z Mey . NA

= =
Vi don vi (a)3
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* Nong do dién t@

g M

Na
_ 12 N[dien tu/m?] = —% N, = =
n =15 Na[dien tu/m?] =—F—Ny = —

+ Tinh thoi gian hEinhuc
ne-<t om 1 m Lo
6=——2T=—p=——73=2,37.10"15
m ne? pne

* ChuY:
Cac ban lan t&i budc nao thi tinh két qua buvdc do, réi thé vao budc sau,
drng lam mot mach réi thé vao, két qua dé sai .
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* Cau b:

Van toc cudn
= oE ocE 16E
{j}_ % sy =—=-—=0,415m/s
= nevg ne pne
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Bai 10

Tinh nang lvong Fermi cOa khi electron trong Li. Cho biét
khoi lveong hiéu dung cla cac electron ty do trong Li bé’mg
2,2 m,; m, la khoi lvong cua e tinh (9,1 10732 kg) Li co cau
(Ve BBC (Body center cubic), hang s6 mang cda Li la 351,03
pm. Khoi Iu’dng mol cOa Lila M = 6,94 g/mol, moi nguyén t&
Li gop 1 dién t& hoa tri.
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Goiy.

Tinh E¢? e Tadacom,
- h2loes vay phai
Tinh k.? * nlanoéng do
kp = (3n2n)1/3 dién t

Tinh n6ng do
diéntlrn, khida ® Tuong
c6 khoi lvong tw baig
mol?
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T
Gial
+ Tim Thé tich 6 don vi, S6 nguyén t& cba Li co trong 1 6 don vi .
Do tinh thé Cu c6 cau tric lap phvong tam khai (BCC)
1
= Z nguyen tu = 8 dinh 3 + 1 nguyen tu = 2 nguyen tu

— 3
:}Vﬁdcmvi = a
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+ Tinh Khoi lwvgng Li c6 trong mot 6 don vi
Do Liti c6 khoi lvgng mol la M g/ mol.

Vay khoi lvong cla 1 nguyén t Li la: NE g
A
Ma khai lvgng Li cé trong 1 6 don vi lai bang:
Z mp; = Z nut * khoi luong 1 nguyen tu Li

, , M
Tong khoilvgngLiséla: )m . = 2 * —

g khéilvong Li amy; L
Khoi lvong riéng cua Li:

2 my; . NA

= =
Vi don vi (a)3
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* Nong do dién t@

2=f<ﬂ
Ny
12 N, [dien tu/m?] = —L— N, = -
n = M.Alenum =M AT 3
+ Tinh k¢ ?
. 1/3
kr 2(3rRn)lie e (BHZ.E)
+ Tinh Ep,
hWlkp®  h2kg° -
Ep = ——— =-———=34246.1071"] = 2,1403 eV
i) 0
Chuy:

leV =1,6.10"17]
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Bai 11

O nhiét d6 binh thudng, nhiét dung cba khi electron rat nhé
hon gia tri tinh theo phvong phap c6 dién. Hoi & nhiét do
nao nhiét dung cla khi Fermi bang 10% nhiét dung cua khi
cO dién? Tinh v&i Ep= 5 eV.
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* Bong gop cva N dién t vao nhiét dung theo Drude:

C—BNk

* Theo ly thuyét Sommerfeld, dién dung cUa N dién t{:

* Ta co:

C, =" Niey -
2 20 7k

TF_?(B

C, 0,3Ex

—=0,1=T = ~ 1800K

CZ - ﬂ'sz


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

Bai 12

a) Tinh van t6c cudn cla cac electron trong day dong co tiét
dién 2 mm?2 khi co dong 1 A chay qua.

b) Tinh ndng lvgng Fermi E.. Néu mot chat khi co nan
lveng nhiét trung binh bang nang lvong E- d6 thi nhiét do
cUa no6 bang bao nhiéu?

¢) Tinh nang lvong trung binh trén 1 electron trong kim loai
& nhiét dé o K.

Cho biét déng co6 hoda tri 1, khoéi lvong riéng = 9 g/cms, khoi
lwvong mol = 64 g/mol.
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Gial

* Cau a/ Mat do dong dién j:

. J
— — —_—
] nevg Vada -
Ma nong do dién tu:
 D.N,
;.1 M
= V4 = =7.10">m/s

NyDe
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Cau b:
Nang lvong Fermi
Nong do dién t&

+ Tinh k¢ 7

+ Tinh Eg,

Tr

D
n= 1@' N, [dien tu/m?]

kr = (3n%n)1/3

h2 k2
£ =1,1279.10718 ] ~ 7eV
2m
Er
= Tr =— = 81000 K
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Bai 13

Bac ¢ khéi lvong riéng bang 10,5.103 kg/m3 va khdi lvong
mol 108 g. Nang luvong Fermi E; = 5,51 eV. Gid th? moi
nguyén t Bac dong gop 1 electron ty do va quang dudng
bay ty do trung binh cUa cac electron bang 200 lan khoadng
cach gilra cac nguyén t& trong mang tinh thé. Danh gia dién
tr& suat cla Bac. Cho biét Ag két tinh theo mang lap
phuvong tam mat.
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m  (108/N,) * 4 nut * 1073
=== = 6,83.107%°m?
D 10500 m
>r=41.10"1m

Do Bac co cau truc lap phuvong tam mat

- 4r = a\/_
- a=116.10""m

Ma ta c6 quang duong ty do trung binh bang 200 1an hang s6 mang
A =200a =2,32.10""m

Nong do dién t& n

n=1—2==586.10%8m3

Ta co ,
W2k hi,
EF — Zm ZVFT:;‘VF — 14‘ 1[]6(?’11/5)
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A
=>7=—=1,66.10"13s
VF

nezr

>0 = = 2,73.108(Qm) !

= p=2=3,66.10"° Qm

g
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Bai 14

So sanh cac van toc sau day khi co dong dién 5 A chay qua
mot day Bac duong kinh 0,2 cm & nhiét do phong:

a) Van toc electron @ m&c Fermi.
b) Van toc cla chuyén déng nhiét.

c) Van toc cudn voi gia thiét tat ca electron hoa tri dong gop
vao dong dien.
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Gial

S
kT
m

b/ Van t6c chuyén dong nhiét Vp = = M| 1[]5 m/s

N
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