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TENSOR DO DAN DIEN CUA BAN DAN
TRONG TU TRUONG BIEN DOI

Nguyén Quée Anh, Nguyén Thi Td Uyén
Khoa Vit Iy, DHTH Ha Néi

Khi nghién céu cc higu ng déng hoc théng ké trong dién ti trudmg, viéc tinh tensor 45 din
dién cda khf dién ti (plasma ho¥c bin din) oy bidu thi dinh lugt Ohm (ji = o Ex - trong a7
13 m3t d6 ddng dién, E 13 trwémg tinh dién) 13 mét bii todn co bin. N&u tinh dwoc tensor 46 din
dién ok ta cé thé xem xét hang loat cic higu Wng dong hoc thdng ké nhw higu ¥mg Hall, dién tré
tir, cong huéng cyclotron v.v... trong plasma ho¥c trong bsn din.

* Trong tir trwrdng khong ddi H, bai todn di dwoc giki quyét va di dwgc dwa vio hiu hét cic
gido trinh v4t Iy bén dn (xem [1, 2]). Trong cic cong trinh [3-6] céc téc gid di xem xét bai todn
tinh tensor d3 din dién ok trong tir trwdng bién ddi

H(t) = Ho+ Hy cos 0t, (1)
trong 46 thanh phin bién d8i 7, cos Nt dinh huémg song song véi thanh phin khéng ddi Ao, O -
tin 88 thinh phln bién d8i cda tir tredmg. Tuy nhién, cc téc gik [3-6] méi chi gidi dwoc bai todn
trong trudmg hop riéng, khi dién tredmg E va tir trrdng I?(t) hwéng vudng géc véi nhau va di
chi ra digu thd vi 1 c4c hi¢u ¥mg déng hoc thdng ké nhu hidu émg Hall, dién tr& t¥ c6 tinh dao
déng, d¥c biét khi thanh phin bién déi cla tir trromg c6 thn 68 dd lén.

Trong bii‘ndy, chéng t5i trinh biy mét phwomg phép khic (phwong phép “todn td”) cho phép
gidi bai todn tinh oy trong trudmg hop tdng quét, khi dién trudng E va tir trudmg ﬂ(t) duoe
dinh hwéng tdy ¥.

Chiing ta xuft ph4t tir phwong trinh déng c8 dién Boltsmann d8i véi him phan b3 cda céc
dién t& f(5,t) trong dién trudmg E va tir trwdmg bién 48i H(t) xéc dinh béi cdng théc (1):

MG (g Zipdon 2B -1, @

2
trong dé e, m, Fva g5 = Ep'—"- 13 dién tich, kh&i lwong higu dung, xung lwong vA ning lvgng cda
dién ti din twomg dmg, ¢ - v4n tc 4nh séng, I(f) - tich phan va cham cda dién té& véi phonon
clda mang tinh thé. Trong gin ding th¥i gian phyc hdi xung lwong theo n¥ng hrong 7(eg), I(f)
c6 dang:
1(5:) — foleg)
I(f) = -DB 108
! () o)
& day fo(ep) 1am hﬁn’l",phﬁn b8 cin bing cda dién t& khi chwa cé truwdmg ngodi.
Ta gidi phwong trinh (2) bing cich dwa vio “mét dd ddng riéng” [7].

Be,t) = ~Z 351 1)6le ~ op). ®
i
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Nhén hai v cda phwong trinh (2) véi —iﬁﬁ(x ~ &p) rdi ldy tdng theo toan xung lwgng 7, ta
nhin dwge phwong trinh d6i véi B(e, ¢t):

aR(:, ORE) (4 4wy cos ) e, )] = R((‘ ;’ +3(e,1), @
=ﬂn [2:08 o ros A a7 P
bdlywg = —, wy = ;u:_ - tin 83 cyclotron d8i véi thanh phin khéng ddi Ho va bién d8i
II, cos (It twomg ﬁ'ng, = —H—::% 13 vecto dom vi theo hwémg cda tir trudmg ﬁ(t),
- e 3f (Bt ’
den=-T 5 (8 R L ) G

Trong gin ddng tuyén tinh theo E, trong (5) c6 thé thay f(5,t) bing ham phan b8 cin bing
fo(ep), chiing ta nhén dwoc:

—m (wo + wy cos De)[h, B(t)] + v(e) R(t) = @(e), ()
trong 46 ; 5
o 2

Gle) = -ZEL S, ™

v(e) = —(—) - tin 88 va cham higu dung, trong (6) ching ta viét dao him toin phin R(t) ¥ hign

tai ching ta chwa quan tim t&i sy phy thuéc cida Rl(e, t) vio ning lrgng «.

Phuong trinh (6) 13 phwong trinh vi phin vector tuyén tinh khéng thulin nht. Ta 63 chia
phép gidi phwong trinh (6) 1Am hai giai doan:

Gii phwong trinh thuln nhét:

dﬁ( dA() — (wo + wy cos ) [k, B(t)] + vAR(t) = (8)

Ta dwra vio phép gidi “todn ti A” dwoc xdc dinh nhv sau:
X =k X (9)
D? dang kiém tra thiy:
R+ 1)R=hhX), R=-h

3
i exp(ah) = (A +1) - h3cosa + hsina. (10)

Nhu vy, véi vie dwa vio toén td A, nghiém t3ng quét cda phwong trinh (8) c6 dang nhw
sau:

R(t)= qxp{ - /{v — (wo + w1 colm')’n]dt'}ﬂq %
o
= exp|-vt +woth + Asin(Nt)h) Ko, (11)
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trong d6 R xic dinh ti didu kign ban diu, & = 2 . D3t (10) vio (11), ta tim dwec:
R(t) = e—n't{;‘n 41— h2Reilwat+8ain08) o ;"—ee(u..wm:nm}ﬁm (12)

Tir(12) ta thiy B(t) gidm khi ¢ ting theo dang him 88 mii (~ ¢™**), nén R(t) — 0khit — co.

Nhu viy, nghi¢m tdng quat cda phwong trinh vi phin khéng thuin nhét (6) sé dwgc x4c dinh
béi mét nghiém riéng cda né. Ta tim nghiém riéng cda (6) dwéi dang sau:

Rlet) =exp | - /[u ~ (v + us cos A Rjet'} Ele, ). (13)

DXt (13) vao (6), ta tim dwoc:
: 2
é(E.t) - {/cvc‘[;‘: 41— h2ReHwot +asinar) o il,‘i(wnt'i»Alinnl')]d‘l}é(s)_ (14)
o

St dung cdng thirc [8:
2, .
exp(iAsinQt) = Y J(A)4,
ezl
trong 46 Jy(z) 13 ham Bessel bién thyc. Khi dé tir (14) d& dang nh3n dwgc:
ST © Oe SO P o Je(4) §(£0t=A ain O1t)
Rle,t) = {V(h +1) -k 3: ATy R +

o

Je(8)

0o
+(w0+m)h.(tm-minm|]+;‘ Z ey
0

t=-co

“ [Vh.(ln:~A.innr] oo ¥ tn)keillm—A-Innt)]}o'(s). (15)

Bay gi¥ ching ta ldy trung binh theo th¥i gian nhw sau:

T 1 2
(t) = = [ R(t)dt = — [ R(z)dz,
210_/’

0

& ddy T 1 chu ky dao ddng cda thinh phin bién dfi cda tir trudmg (1); z = Ot. Tiép tuc st dung
cdng thirc [8], ta cé:
2n

SENt=Aain0t) — _‘_ eille=adinz) g, JI(A)
2 b

0
va vi Q(e) khong phu thudc vio thi gian ¢, ta nhin dwge “mat d¢ dong riéng” trung binh theo
thoi gian:

Feii=v 5 oo fevmpt 90~ R a0 + SRR ). oo

t=—c0
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M3t d5 dong toan phin dwgc xéc dinh béi cong thirc:

i= /ﬁ(s t)de. (17)
0
D3t (16) vio (17) ta tinh dwoc:
7= E00 0B+ aalf B + oK, EY), (18)
trong d6 no 13 ndng 49 dién ti trong miu, ax (k = 1,2,3) dwoc x4c dinh béi cong thic:
o & 7*(e) (wo + £0)* !
%= l;” O Ces lwor(e) +lﬂ¢(s)|7>' (19)
3/2
(agen = -8 / Ao (20)

Tir céng thirc (18), néu bidu dién 5; = 0.k Ex thi d¢ dang nhin thdy biéu thirc i véi tensor
a5 din dién oy, trong t¥ trudng bién ddi (1) ¢6 dang nhw sau:

&
ok = "’:0 (arbik — azeixehe + ashihibu), (21)
trong 46 & ky hiéu 13 delta-Kronecker, e;x¢ - ma trin phin d8i xémg don vi hang 3.

Nhw vy, ching ta nhin dwoc biéu thire (21) 12 cong thirc tdng quit (dang gidi tich) d&i véi
tensor 46 din dién cda khi dign t& (plasma ho¥c ban din) trong tir trudng bién ddi trong trudmg
hop tir trudmg va dién trudng dwoc dinh huéng thy §. Dic bidt, khi H(t) huéng vusng gbe véi
E v song song véi tryc 2, ta lai nhgn dwoc céc két qua ddi véi thanh phin 7, va j, cla cdc cong
trinh [3-6].

2
& e ng
== == (a1Bz - a2B,),

2,

Jo= 'm"(ME, +a1By).

Néu st dung céng thirc (2i) va cdc didu kién twong émg cda céc hién twong déng hoc thdng
ké (hidu ¢ng Hall, dign trd t¥ v.v..) khi quan sat, ta c6 thé tinh dwoc bidu thic gii tich cho
timg hién twong trong céc cfu hinh cu thé & trong t¥ trudng bién d8i. Ditu niy sé dwge ching
t8i trinh by trong cong trinh ti€p theo.
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ELECTRIC CONDUCTIVITY TENSOR OF SEMICONDUCTORS IN A
VARIABLE MAGNETIC FIELD

Nguyen Quoc Anh, Nguyen Thi Tu Uyen
Faculty of Physics - Hanoi University

There are many papers dealing with electric conductivity tensor in a variable magnetic field.
A(t) = Hy + Hycos 0t (1)

but their authors have obtained the result only in the particular case, when the electric field E is
perpendicular to the magnetic field H.

In this work the authors have considered also this problem, but for solving the classic kinetic
Boltzmann equation i a variable magnetic field (1) the authors of this work have proposed the
“operator method”. The electric conductivity tensor is calculated for an electron gas (plasma
or semicond in the conduction band) when the electric and the variable magnetic fields are
directed arbitrarily by the following formula:

2.

n
9 (016 — azeikehe + a3hihiber).

ok =
. m

And in the particular case, when H(t) is perpendicular to £ and parallel to axis z, the authors of
this work have obtained the same results for the components 7, and j, as other authors.
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