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If we write down the standart macroscopic transport equations
= S"E-l- Qv 7T
T= [LT=2evr ,
then the kinetic coefficient @ is called the absolute differen-
tial thermopower and defines all the thermoslectrical properties
of & medium. Usually one sepsrates @ in two parts: Q™ electro~
nic part (sometimes refered to as diffusional onre) and Qph’ pho=-
non part due to.electron - phonon drag, so that

Q=Qy +Qp=ale 522 &b

We concentrate our attention on the Q, which may be written
in more convenient form with the use of the dimensionless para-
metr

by

Q= Q§ v Qp=Loe(2/Ep) v1078(V/E) (for typical metals),(2)
where Lorenz number is introduced
L,=2e /P& = ('ﬁzkg / 392) (for free electrons)._

Now if the scatbering processes are elastic, e.g. usual scat-
tering of electrons on impurity atoms, then well known Mott equa~
tion iz valid

é =[3 md(&;)/éln&f}é‘,pap . €]

where the energy derivative has to be calculated at the Fermi le~
vel. The quantity G( ) defines electrical conductivity

3 =&d8? G(Ep

and under above condition of elasticity it may be expressed
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certain diagrams of the second order of the scattering matrix ap-
pear to be important for the thermopower in alloys. Nielsen and
Taylor 3 from the U.S. in 1968 realized thig fact for the first
time. The two important diagrams relevant to alloys are shown

here:
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You see that the interference occurs between the two scattering
processes mentioned above. You see also both processes are elastic
as a whole. Of course the exist of virtual phonon during the scat-
tering strongly decreases the magnitude of the T-matrix correcti-
ons proportionally to m/M (electron to ion masses). From the other
hand however due to a such phonon the Fermi function of the inter-
mediate state electron doesn't eliminate for both T-matrix correc—
tions T(i) and T(%). Each of this corrections is the sum of two
different scattering processes shown to the left and to the right.
In the former case the usual scattering is shown when an electron
in the origin ¥ - state transfers through +the intermediate AR
state to the final T - gtate., In the other processes shown to
the right at first the electron-hole pair (E',E'') creates and
then one of the partners of this pair annihilates with the & =
electron.Because of the Fermi function of the intermediate state
electrons the energy derivative of the scattering probability (33,
{(4) is of snomalous value (m/M)(E')F!G)Z ~ 1 ( @ - Debye tem-
perature).

Thus you see that although electrons scatter mainly on impuri-
ties in the case correspending to our experimental situation (Ci
L 0,2%, T ~ 5K) the properties of the phonon system play the im-
portant role for the case of the thermopower.

4is for the phonon system the main effect of introducing impu-
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rity atoms into bostal lattice is to vary the caracter of vibrati-
ons of the lattice & (if of course one considers a substitutional
alloy and ignores force constants variations). In the case of lig-
hter impurity atom (¥»0) the so called local mode of vibration oc-
curs in the spectral density of vibrations. Ian the other case of
heavier impurity atom (2<O) the quasilocal mode may occur. Here
frequency digtribution function, i.e. g = function is plotted
schematically
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with the peaks of local and quasilocal modes of vibrations.

This variation in the phonon system immediately results in va~
riations of thermodynamic and kinetic properties of alloy. Por the
electrical conductivity this effect was taken into account for the
first time by XKagan and Zhermov 5 . However unlike these first or-
der calculabtions in the case of the thermopowsr it meeds to conai-

der the second order corrections., Corresponding calculations are
presented below briefly.

If we dencte eigeafunctions of the dypamic matrix of the per-
Gurbed lattice by B (Fy) with 82(§,%), then the components of

the digplacement of the T - atom are following (in the secopd
quantized form):

o
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The Green functions should be found from Dyson-like equation in
the first order on the impurity concentration, It is rather fami-
liar procedure, e.g. see 4.

After squaring the tobtal amplitude of the T-matrix obtained to
the second order and averaging of Green functions over impuribty
sites we find the scabtering probability

= &1L -
= 5 CiN g’(&’} Eg)(@, + P, + Pp)
]
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Bearing in mind the whole elasticity of the processes and
using (3),(4) we £ind the twe corrections to the thermopower
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whepe x=sHa/ ch‘P and well kmown functions from the theory
of lsttice vibrations are introduced
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Now we take the familiar expression for the electron-ion inter.
action known as the rigid ion approximation

t -
H oy =% V(F - Ty ) +% WE - Byt
where the second sum is performed only over the impurity sites
and W =U -~V . In the second quantized form we have

Hipg = 2 T e {W NR(E)

KR B ‘K'F
(_2_>1/2Zm____ 2 Z dzﬁ_ﬁ__-exp(mrﬁ)
ag + a¥ B (I‘—~)
N B A ]
where N 1g the total number of atoms and

@) = Z exp (1K)
oo

1 for imp. sites
Co =
n 0O <for hostal sites .
Having this Hamiltonian we get the two second order correcti-~

ons of the T-mabtrix mentioned above

(2) = Z (k’-.ﬁ"z((i"-ﬁ) f
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where Bw -6E _EE" s £ e Fermi function of the intermediate
state electrons and pair combinations of the B (?-) - eigen-

functions are substituted by the Green functions of the perturbed
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4 - Zcoe- (w2

b - v (] pa e ]?
5(‘02) - 9?@6028(602)
(1 =pw1( )] % +Ty@° gl %) 2
In thisg form the results are valid for cubic lattice with an
arbitrary spectrum of vibrationsg and the pseudopotential formfac-
tors are btaken Ho be constants for simplicity. If we accept the
Debye model of vibrations the ¢ ~ integrals considerably simpli-
£y and the finasl formulas acquire the form analogous to the Niel-
sen and Taylor results bub with the other dimensionless functions
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We have compubted these functions and they are shown here. The
dashed lines correspond to Q: 0
and are of Nielsen - Taylor resulix,
fou see appreaciable variations in
the temperature dependence of the-
Se corrections. When T-+0 ooth
1{"1,'@“2—-—1 for any value of ¥,
At high temperatures W, W, ~
1/T except for the case = 1 re-
levant to the scattering of elect-
rons on vacancies. In such a case
E*S/S, 7;}_’_2-*5/9 « We see that
when quasilocal mode occurs (4 <0)
the temperature dependence of the
electronic part of the thermopower
has low temperature peak, not so
high but rather sharp. When local
mode arrises the appreaciable hump
in W, occurs at rather high tempe-
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rature, The temperature positions of these humps are T:s &)0/3
where CKJO - the frequency of the local or quasilocal mode.

And finally you may see also that in low temperature region
where our experiment were carried out these two functions can be
approximated by parabolas. Therefore when experimental results
are presented in the form of two parts of the thermopower QeAzT
and h"LTB , the considered effect contributes (and consequent-
ly masks) to the phonon drag part of the thermopower but not to
the electronic one.
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