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We have studied transverse Nernst-Ettingshausen effect in a quantum well (QW) with
parabolic potential in the presence of a magnetic field parallel to the plane of the quantum
well. The calculation was carried out for the case of elastic electron scattering by acoustic
phonons for any degree of degeneration of the electron gas. In the quantum limit the depend-
encies of the transverse Nernst-Ettingshausen coefficient on the magnetic field strength and the
carrier density are determined and analyzed. The weak and strong magnetic fields cases are
considered. It is shown that as the consentration increasing the curves of Nernst-Ettingshausen
coefficient shift upwards. In the range of weak magnetic fields Nernst-Ettingshausen coefficient
increased with the magnetic field

1. Introduction

Currently, the transport phenomena in systems of reduced dimensionality, such
as a quantum well or a quantum wire, is a very practical problem. These systems are
of interest due to their potential applications in quantum electronic devices. The size
quantization results in the transport phenomena in such systems being sharply differ-
ent from the transport phenomena in bulk samples. The effect of an in-plane magnetic
field on the transport phenomena of an electron gas in a quantum well is even more
complicated. In the direction parallel to the magnetic field, the carriers have a free mo-
tion, whereas in the plane perpendicular to the magnetic field they are subjected to a
combination of magnetic and confinement forces.

The theory of the quantum thermomagnetic effects in size-quantized systems
was studied in [1-11]. In [1-2] the conductivity tensor components ¢ and [ are cal-

culated in a quantum wire. The confining potential of a quantum wire was appro-
ximated as a parabola. The case of a strongly degenerate electronic gas was considered
and a focus was placed on the oscillation phenomena. The thermoelectric power oscil-
lates with the width of the wire and the magnitude of the magnetic field. The impor-
tant remark to make is that in contrast to the bulk crystal the diagonal components of
the conductivity tensor can exceed the non-diagonal ones. The same conclusion was
also obtained in [3,11].
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In [4] the thermopower in quantum well structures has been calculated, and the
size dependence of thermopower in a quantum limit for different mechanisms of elec-
tronic scattering has been considered. In [5] the same authors have calculated the elec-
tronic thermopower in quantum wires. In these works the authors used the kinetic
equation method and the density matrix approach. In the latter case, the scattering was
entered into the equation of motion for the density matrix through the lifetime of a
quantum state. In [6] the magneto-thermoelectric power of a two-dimensional electron
gas (2DEG) was investigated in the regime of the quantum Hall effect at values of a
magnetic field where thermopower is proportional to the entropy of the two-
dimensional electron gas. In [7] the magneto-thermoelectric power and Nernst-Ettin-
gshausen effect of a two-dimensional electron gas has been investigated theoretically
within the framework of the Boltzman kinetic equation for different mechanisms of
electronic scattering taking into account phonon-drag contributions.

Hicks and Dresselhaus [8] predicted that the thermoelectric figure of merit for
two-dimensional quantum wells and one-dimensional quantum wires should be sub-
stantially enhanced relative to the corresponding bulk materials. A theoretical study of
this effect has been undertaken for a bismuth nanowire [15]. In [9] the mechanism for

the increase of thermoelectric power of n-type multivalley PbTe/Pb,_. Eu Te quan-

tum wells has been investigated theoretically.

The theory of thermopower in quantum dots was developed in [10]. In this work
it has been shown that there is an opportunity to create an appreciable temperature dif-
ference in a nanostructure and to measure the potential difference induced by this tem-
perature gradient. The paper provides theoretical calculations of magnetothermoelec-
tric power and the Nemst-Ettingshausen effect in quantum wells and quantum wires.

In this paper we have calculated the galvanomagnetic and thermomagnetic ten-
sor components for the current density in a quantum well for any degree of dege-
neration. It is common knowledge that the thermoelectric tensor has two contributions,
diffusion and phonon drag, which are linearly additive. In our work , we are examina-
ted the diffusion component under the assumption that elastic scattering is dominated.

Elastic electron scattering by acoustic phonons is considered. However, the re-
sults obtained are also applicable for scattering by short-range impurity potential,
roughness of a surface, and alloy-disorder scattering. The magnetic field is directed
across the confinement direction, i.e. it is located in the plane of a two-dimensional
electron gas. Thus, two cases for the relative arrangement of the current direction and
the confinement direction are possible. In the case where the current is located in a
plane of a two-dimensional electron gas it is sufficient to confine ourselves to the re-
laxation time approximation and to use the kinetic equation. In a case when the current
is along the direction of confinement it is necessary to use the density matrix approach
obtained in [12] and [13] for calculation of the diagonal conduction tensor compo-
nents.

II. Energy spectrum and wave function
We consider a simple model for the quantum well, in which a two-dimensional
electron gas is confined in the x-direction and a homogenous static magnetic field B
parallel to the z-axis,with the vector-potential A (0,x B,0) in the Landau gauge.. Then
the one-particle Hamiltonian is given by
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where p = (p,, Py p.) and m’ , respectively, are the momentum operator and the

effective mass of a conduction electron. U(x) is the confining potential in the x-

direction which is characterized by the parabolic potential:

m"w; x’

— (2)
2

The eigenvalues and eigenfunctions of the Schrodinger equation with Ha-
miltonian (1) are determined by the expressions
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where @ = 1/0)02 + 6057 - is the "hybrid" frequency, W, = ;—i is the cyclotron fre-

quency of electrons and N - is the oscillation quantum number. The expression
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. . . 2 .
represents the wave function of a harmonic oscillator, X, = —— R ky - 1s the os-

cillator center, and R = /- - is the magnetic length , H,,(£) -is the Hermite poly-

mae

nomial, & = (N ,ky ,k:) -is a set of quantum numbers that determine the electron

states in a magnetic field.

ITI. Transverse effects in a quantum well.
In this section we calculate the transverse Nernst-Ettingshausen coefficient O .

The latter consists of the following: If there is a temperature gradient along a conduc-
tor which is placed in a magnetic field perpendicular to the temperature gradient, there
will appear an electric field perpendicular to the temperature gradient and magnetic
field.

For the magnetic field directed along the z -axis the current density components
can be written in the form [14]

j,=0,E +o E -pNVNIT-pVT
J,=0,E +0, E -B.VT-B,VT (6)
where 0, and [, are the conduction tensor components, £, is the components of

the electric field and VT is the temperature gradient.
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From the conditions j, = j, =0, V. T =0 we obtain the transversal Nernst-
Ettingshausen effect
E, _ _l Py =B,y 0y

BV T Bo,o,-0,0,

Qxy = (7)

Putting j, = j, =0,V T =0 we obtain from Eqgs. (6)

E ; 1 vxo-xx - ero- 2
ny = : = . ﬁ ! (8)

BVTIT Bo,0,-0,0,

For the calculation of kinetic coefficients O, , O, it is necessary to calculate

both diagonal and non-diagonal conduction tensor components o, and S, .
Note that in bulk semiconductors o, >>o0,,8, >>p, , o, >>0, and

,BX), >> [, [13]. It is related to the fact that a decrease in scattering potential results

in the diagonal electric conductivity tensor components tending to zero, while the non-
diagonal components stay finite.

A. Calculation of the non-diagonal components of the
thermomagnetic and galvanomagnetic tensors.
The average value of the current density components carried by the electrons is
defined by the expression
S0 ®

J, :—eTr([)v ):—eme,va,a y i=(X,7,7) )
where o is the density matrix, and V - is the velocity operator.

The matrix elements of the density matrix are evaluated from the solution of
Liouville's equation

0P _
mat[mﬁﬂ (10)

where ﬁt is the total Hamiltonian of the system H, = H +V +F which consists of
the Hamiltonian (1), the scattering potential V, and the electron-electric field
interaction ¥ =e(E-r).

The matrix elements of the components of the velocity operator in the
representation (4) can be written as

. /N /N +1

Vo = ioR 5kv’k’v 5k:,k; {5]\]"1\,_1 7 — 5Nr’N+1 T} (1 1)
_ [N+1 [N o hk,

Voo = @R 5;{),,;{‘), 5;{:,;{; [5N',N+1 I ~ Oy 7}"' m*a); e 12)

L1
A%

: =—TkS, (13)

m
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Using Eqns. (11)-(13) in Eq.(9) and performing the summation over
o :(N' ) k}',, k) we obtain the following expressions for the current density compo-

IN IN
Jy =—ieaR )" [pN—l,N 5 Py ?} (14)
IN+1 IN h
:—ea)RZ[PN+1N vl ION LN J ¢ ( j zk pacz (15)

7]
| = —e— k. 16
J. emZa P (16)

nents:

In a zero-order approximation with respect to the scattering potential /' the
matrix elements of the density matrix o, , have the form

Jo =1
et

£,—¢,

17)

x Vaa

P, —e(Ex +E, Vo,

where x,, and y, are the matrix elements of the x and y coordinates, respectively.

In Eqn(17) f,=f (aa) is the equilibrium electron distribution function (Fermi-

Dirac function)
2 ¢
fle,)= £l+exp[ W D (18)

where £ 1is the chemical potential of the electrons, and kU 1s the Boltsmann constant.

Substituting Eq.(17) into Eqs.(14)-(15) and calculating the matrix elements of
the coordinates we obtain

2 2
w.e” wen
: 4 [4
J :O->E>7o- = * 2 f = * 22 (19)
Y ) a); ' ome’
J, =0

where 2 f,, = n is the areal density of the two-dimensional electron gas and

kTm
In{l + "™ 20
27 @, Zn( ¢ l (20)
where
< hiw 1
==, =——| N+—|. 21
Tk W kUT( 2) GV

In the limit of strong magnetic fields, my<<®., or equivalently, in the bulk case,
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when @, — 0 the energy spectrum (3) equals that of an electron in a magnetic field.
In this case the expression for o in (19) coincides with that for the non-diagonal

component of the conductivity tensor of the bulk semiconductor material [14].
In order to find the explicit form of the non-diagonal component By, (B) we will
take advantage of the Onsager reciprocal relation

5, (B) =%yﬂ(—3) @2)

where 7, (B) is the coefficient in the formula of i-th heat flux desity transported by

the electrons W, =y, E, .

In Ref[16] it was shown explicitly that in the presence of a magnetic field it is
necessary to take into account the contribution to the current of electrons the edge
curtent —c VxM due to magnetization M. In this case the coefficient vy, can be

represented as
Vyx =7y — M (23)

Xy
where 7;,2) is the coefficient in the heat flux density in the absence of scattering which
defined by [17; 1]

o = % S PV (8,6, —20) (24)

The magnetization M is defined by the relationship M = —(@)T = where

oB
Q=-kT, ln(l + exp (2—?)) is the Gibbs thermodynamic potential.

Substitution of the Eq.(17) into Eq.(24) yields the following expression for ;/;i)

o eoR(_ 1
=——"—| E-¢{n+>ho| N+ 25
;/yx ha) [ é/n ~ ( 2jfaj ( )

where € = Z &, f, isthe average energy of the system.
o

The magnetization can be written as

o Q 1w 1
M=——S———"Nhw N+—|f, 26
w B Ba)"za: ( 2jf (26)
where
0 m ©
Q=—(kT) ——— In(l+e —x))d 27
(K)o g 2], I+ exe(r - ) @7)

is the thermodynamic potential per unit area.
Using (26) we obtain the following expression for }/J(;g) instead of Eqn.(25):
" hw

On the other hand, according to the definition of the thermodynamic potential

(?—Cn— @ MB—Q] (28)
=

c
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Q=8-¢n-TS (29)
Q

where S = —(—)B ; is the entropy per unit area which has the following form:

2
k'JT -X ; -
R

where Li, (&) is the polylogarithmic function of orderv .
Substituting (29) into (28) and using (23) we obtain

S

yo =22 18 31)
mw-
Finally, for S, we obtain
@
B, =8 (32)
mao-

Similar expression was obtained in Ref.[1] for a quantum wire.
For the strong magnetic field case, ®,l!w®,, Eqn. (32) is reduced to

,Bg“yc) = ¢S/ B, which was obtained in Ref.[16] for bulk specimens. At zero tempera-

ture, the transport coefficient £, , consequently, the entropy vanishes as required by

the third law of thermodynamics.

B. Transverse diagonal components of the thermomagnetic
and galvanomagnetic tensors
For the calculation of the diagonal components of tensors «  and [ when
the electric field or the temperature gradient are perpendicular to the plane of two-
dimensional electron gas we will make use of the expressions obtained in [12] and
[13]:

2

PR Z[—af(g“)j(x“'_x“)_(SQ—C)WM -

QT <\ os, 2

oe 2 o

(22

B e’ _8f(5a) (%"%)2
G“X_QDT;[ J W, (34)

where € is the volume of the system, /¥, is the electron transition probability from

state o = (N, ky,k_,) to state o' = (N’,k}: ,k;) caused by the effect of the scattering

potential.

The scattering mechanism explicitly considered in the present paper is the
acoustic phonon deformation potential (DPA scattering). Acoustic-phonon scattering
via piezoelectric coupling could also be considered, but this will have a similar
temperature and magnetic-field dependence to DPA scattering and so is not included
separately. because will not qualitatively affect the results. Other scattering
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mechanisms, as the interface roughness mechanism, playes a negligible role in he-
terojunctions, because with the current crystal growth metods, high crystalline quality
with atomically sharp resolution is easily achieved, that is interface are not especially
rough. In addition, impurity scattering arising from background impurities in the
quantum well or remote ionized donors it was to be expected, however in high
magnetic fields the magnetic length will be much smaller than the scale of fluctuations
due the remote impurities, so remote impurity scattering can be treated by the short-
range point defect approach. In this case, the scattering from the point defects has the
same functional form as for scattering from the DPA. Only, the temperature and
electron concentration dependence will be different.

The transition probability due to the carrier scattering by acoustic phonons has
the form

W =S|l ) x
q

(3%)
X(]V;ék’y,kyﬂ]y é;r;,,kﬁq: 5( 8d _80‘ o ha)?) +<]vq +1) é{;,ky—qy é;f;.,}t:—q: 5( 80[ —(C,‘a + ha)‘]))
where
7k}
w(q)=——¢q (36)
PsE2

Here s is the speed of sound, p is the density of the material, E, is the
constant of the acoustic phonon deformation potential, q is the phonon wave vector,

-1
and N, :(exp (%‘3)—1) is the occupation number (the Planck function) for

phonons with frequency @, =sq .

Using the wavefunctions from Eqn.(4), one can write the matrix elements of the
electron - phonon interaction as

P

<0£ | elqr I a'> |2: ‘J]\/]\/' (qx’qy ) k'v’kv.'.qv k‘:,k:-;.q: (37)
where
2 2\ \N-N e
oot ) w3 el o,
ior (259, =P 5 T

Here L7 (&) is the associated Laguerre polynomial.

Further we will focus on the extreme situation, namely, the quantum limit in
which the scattering of electrons is confined within the N = N'=0 level. For the

quantum well in a magnetic field the quantum limit criterionis o > k,T .

Above 20 K the available acoustic phonon energies will be small compared to
koT . Since the electron scattering by the acoustic phonons is elastic, it is possible to

neglect the phonon energy ha)q in the arguments of the 6 -functions in (35). In
addition, as 7 ®, < kUT , therefore it is possible to expand the Plank function. Thus
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we obtain

2%k, T

hisq
Taking Eqn. (39) into account we can rewrite the expression for ¢ in the form

o b(%r ) 23 3Lk ) e

2N, +1w (39)

a5 kookyk, ok,
Ayt 2 ) ) 74N 2 2749 (40)
s TR (@ Ik k(o) Ik
2m" @ 2m" 2m" o) 2m" |
here
AnTE Kk,
Wy =—— 41)
L 9N )

Transforming the sum over g, &k, kJ k. and k. in Eq.(40) into an integral

form in a usual way we introduce new, deformed coordinates,

, @ ~ w = T 7
k)’ :_ky’ ky :_ky’ k: :k:’ k: :k: (42)

@y @y

Using the momentum conservation law k'=k and integrating over the angle

between vectors k' and k we obtain

2 2 o a
T, m o, | @ W ln(1+e’7) 0 ox ) 4’ 4 2’
Similarly, for £, we obtain

bl el L B p(3T 3
& e‘L'UmaEL } Ct)ln(l—i—eﬁ)-[:( &xjx(x 77) £ 4’4a2a2,—8ax dx (44)

In Eqns.(43) and (44) the following notations were used

[2” S2ph7/2

T, = — (45)
omm E kT o,
kT’
= 7 (46)
2whw,
-
fo=(1+exp[x-7]) , 7=n-x, (47)
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and ,F, (al, az;bl,bz;:) is the generalized hypergeometric function [18].

C. Diagonal components ot the thermomagnetic and galvanomagnetic tensors
along a plane of two-dimensional electron gas
For the case of the electric field and the temperature gradient directed along the
plane of two-dimensional electron gas, we use the solution of the kinetic equation to

calculate the diagonal components of the tensors &, and ,Hyy . These are given by

: 0
Oy = g_Z(_ f(gzx)jrav;y (48)

- oe

o

— 82 _ éy?(éix) _ 2
P = QTZ£ o¢ J(ga £z, (49)

0 2% a
where
v, :lak.g:[&] ’% (50)
* h v ®w) m
and 7, is the relaxation time of electrons.
For the elastic scattering by acoustic phonons the relaxation time is given by a

simple expression:
| k'
—= E,Ww(l——] (51)
T, k

Taking into account expression (35) for the transition probability and pro-
ceeding the same was as above in the calculation of the transverse diagonal com-
ponents of the transport coefficients, the following expression for t obtains in the
quantum limit:

1

- (a)nja/z
—7| % i
1 3¢l fo_ 4@ ha
@ :fQ(I’Za?’L" (5"%7))

S
ohag

(52)

Substitution of (52) into (48) and (49) and summation over ¢ yields
5 712
- ol 0 1
0, = #TU (&j J‘ (— ﬁj xdx (53)
m ln(l+e’7) 0] 0\ ox QFQ(%,%;%,I;—SCLX)

k, e’n @, s o, (x—ﬁ)
N % dx (54
P e m*lll(lJreﬁ)Tn(a’j IU Ox ze(%’%;%’l;_gax)x Y

Combining Eqns.(19), (32), (43), (44), (53) and (54) with Eqns. (7)-(8) and
taking into account the symmetry of the conductivity tensor, we obtain the following
expressions:
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0 :_rgaf (%) "In(1+e7) (SK;—kpnK,) (55)
B Bena, 3K, K, +In’ (1+¢7)

30”0, In(1+¢") (SK, -k nK,)
ny:_ 712 Y (56)
Bentya,"" 3K K, +In*(1+¢")

where
k=[ % JE, 5,1;3,2;—&“ x dx (57)
0 ox )" \4 42
A - 573 ,.
Kz_.[[] (—ij (x—77) 2F2 2,2,5,2,—8axjdx (58)
K, = ” _a—f“ ! xdx (59)
o or LB, (4353 b 8ar)

K = _Jo d 60
; In( aszpz(;,g,g,l,—sm)x ’ ©

Eqns.(55)-(56) is applicable for any degree of degeneracy of two-dimensional
electron gas.

IV. Transverse Nernst-Ettingshausen
effect for a strongly degenerated electron gas
For the degenerated electron gas, when n = {/k;T >1 , the expressions for the

transport coefficients can be considerably simplified. In this case we replace (—%)

by the delta function (e —¢) . Then we obtain

~m'k,T w
(61)
Y
g@ _ o ];kga), 62)
61w,
yx m*a)z ’ ( )
k 71'
B =-—" 3 o (64)

o= L 3/, ,/ E[2,73 0 a7 (65)
7, ma) @, 442
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por B o) 3541.F (5 455,3 8a) (6
XX e 377 xx 6 7F7(%’%;%,2,—8a77~)
2 712
el 1 (67)
»y m 0 @ QFQ(%’%;%,I;—Saﬁ)
o Br ol LR
X ¢ 3 o (4’3’%1 8a77)

For the case of strongly degenerate electron gas the Nernst-Ettingshausen

coefficients can be written as
) o \7/2
n @kyT, (70) 3a'¥,
Q= E = (69)
3ew B Fy (4,354,1,-8a7) (3P, +1)

3572’ 603/7]{60 \P a F(4’4’o’2 8(177)

) 70
O GBer,0]” (3%, 1) 70)
where

F i’l,%’z’_g ~
= 2(41 i ) (71)

F, (4,354,1,-8ar)

Fy(55%55,3%-8

p, = 2 (5,45 arj) o

3Fz (%’%9%’2;_8(177)
In the case of strongly degenerate electron gas and weak fields, 77 depends on

the magnetic field only weakly, and the observed changes in the transport coefficients
are due to parameter a . Indeed, from the expansion of Q) = with respect to a ,

k ﬂT’L’&)(( 55n7rha)j

8cw'him" 24 o w,m

Q=

one can see that in a weak field this coefficient can grow at sufficiently high
concentrations and fall at sufficiently low concentrations. Furthermore, from (70)

35(k07r2a12 “;fa)[)a
ny =-

(73)

24(Ber,; ) o

In fact, O tends to zero in a weak field, in contrast to ()~ which remains con-

stant. In a strong magnetic field the situation is similar to the quantum limit for the
bulk case.

114



V. Results and discussions
In this section we present our numerical calculations for the transverse Nernst-

Ettingshausen coefficient for Gads/ Al Ga,_ As parabolic quantum well. We use
the following set of physical parameters m = 0.066m,, where my, is the free

electron mass. The parameter of the parabolic potential is @, =1.4x 107 s7' . The
value of the deformation-potential constant is as E; =10 eV . The density of the
material and the speed of sound are taken as p=5x10° kg/m’ and s=5400m/s .

Notice that numerical calculations for the quantum limit criterion must be carried out
when the Fermi level is between the first and second subbands iw/2 <& <3hw/?2 .

The dependence of the transverse Nemst - Ettingshausen effect sz upon the

magnetic field at T=20 K for various values of the two - dimensional concentration is
shown in Fig.1. The temperature gradient is along the direction of the free motion.

One can see that Q) is monotonically decreasing with the magnetic field,in the range
1-10 Tesla,. As the concentration increasing the curves Qw shift upwards. In the

range of weak magnetic fields (0.01-0.03 Tesla) Qxy increased with the magnetic
field (did not shown on Fig.1).

5000 <. T T
4000 ¢ ]
= | %3000 - RS ]
Q i ’.\.\ \.\
& 2000; \%“ N 1
1000 Tl
oL | | - | ]
0 2 4 6 8 10
BT

Fig.1. Absolute value transversal Nemst-Ettingshausen coefficient Q,, of two-
dimensional electron gas versus the magnetic field for various values of the
concentrations at T=20K. n=10" m” — dotted, n=10"* m™ — dashed , n=10"" m” —
dotdashed.

The dependence of the transverse Nernst - Ettingshausen effect ny upon the

magnetic field at T=20 K for various values of the two - dimensional concentration,
when temperature gradient is along the direction of confinement is shown in Fig .2.

We see that ny increases with the magnetic field As the concentration increasing the

curves Q)y shift upwards when magnetic field lower that 4 Tesla, and shift down for
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more strong magnetic field.

0.008 | PO
T 0006 et ]
Q ‘,’/
X 0004 | o ]
g e
0002 | i ]
0.000 L . T ‘ . ‘ ]
0 2 4 6 8 10
BT

Fig.2. Absolute value transversal Nernst-Ettingshausen coefficient Qy, of two-
dimensional electron gas versus the magnetic field for two values of the
concentrations at T=20K. n=10"*m™ — dotted, n=10""m" — dashed.

As temperature increases ny monotonically decrease, whereas the temperature
dependence of Qxy is non - monotonic at low concentrations. At concentrations above

n=10"cm™ the pattern of the temperature dependence changes, and in the strong
degenerate case the coefficients do not depend on the temperature (see formulae for
the strongly degenerate case).

VI. Conclusion

The transverse Nernst - Ettingshausen effect in a quantum well (QW) with para-
bolic potential in the presence of a magnetic field parallel to the plane of the quantum
well have been calculated. The calculation has been carried out for the case of elastic
electron scattering by acoustic phonons for any degree of degeneration of the electron
gas. In the quantum limit the dependencies of the transverse Nermnst - Ettingshausen
coefficient on the magnetic field strength, the temperature and the carrier density have
been determined and analyzed.
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KVANT CUXURUNDA ENINO NERNST-ETTINQSHAUZEN EFFEKTI
F.M.HASIMZAD9, X.A.HOSONOV, B.H.MEHDIYEV
XULASO

Bu igsde parabolik potensiala malik kvant ¢uxurunda, onun miistavisine
paralel istiqametdes maqnit sahesi olduqda enine Nernst-Ettinqshauzen efferti
oyranilmisdir. Hesablamalar elektronlarin akustix fononlardan elastik sopilmosi
vo istonilon deraceds cirlasmanin oldugu hal ii¢iin aparilmisdir. Kvant limitinds
enine Nernst-Ettingshauzen amsalinin maqnit sahesinin intensivliyinden ve yux
sixligindan asililigl miieyysn olunmus ve analiz edilmis, zeif ve gliclii maqnit
sahslori hallarmna baxilmisdir. Gosterilmisdir ki, Konsentrasiyanin artmasi ile
Nernst-Ettingshauzen amsalinin ayrileri yuxariya dogru siiriisiir.

IIOIIEPEUHBI 3dPEKT HEPHCTA-3TTUHI CTAV3EHA
B KBAHTOBOM SIME

S MI'AIIIMM3AJE, X.AT'TACAHOB, 5.I' ' MEX/TUEB
PE3IOME

Me1 13y uHiH noriep euHbIH 3ddekt HepHeTa-OTTHHICray3eHa B KBaHTOBOH sIMe ¢ ITapa-
60JIHYECKHM TTOTEHLHAJIOM B IPHCYTCTBHH MarHHTHOI'O ITOJIAA, PacITOJIOXKEHHOI0 B IUIOCKOCTH
KBaHTOBOH sIMbl. BpIuHCJIeHHs GbLITH BBIIIOJIHEHBI AJIA CJIy4asi YIIPYToro paccesHHs HJIeKTPOHOB
aKy CTHYECKHMH (OHOHAMH IpH JIF000H CTereHH BhIp OXKIIEHH: 3JIEKTPOHHOTO rasa. Onpejiere-
Ha H aHaJIM3HPOBaHa 3aBHCHMOCTh ITorepeyHoro kosdduipieHTa HepHcTa-OTTHHICray3eHa OT
HarpsDKeHHOCTH MarHHTHOTO IT0JIs1 M KOHLIEHTpaLMH HocHTesleH B KBaHTOBOM rpeferne. Pac-
CMOTpPEHBI CJIy4YaH cJIaObIX H CHJIBHBIX MarHHTHbIX rosieil. IToka3aHO 4TO IPH YBEIHYEHHH
KOHLIEHTPALIHH KPHBbIE 3aBUCHMOCTH K03} drimenTa HepHcTa-OTTHHICray3€eHa OT I10JIA cMe-
I[aloTcsA BBepX. B cilyyae c1aboro MarHHTHOTrO MOJIA MPH YBEIHYEHHH MarHHTHOTO TT0JIA KO-
3¢ ¢reHT HepHcTa-OTTHHICray3€eHa Y BEIHYHBAETCS.
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