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ABSTRACT
In degenerate, compensated and viscous n(p) — (Strontium) Sr -

alkali metal (Sr-AM), the Global Einstein -and- Van Cong relations,
as those given in Equations (25, 32), and electrical thermoelectric laws,
enhanced by: our static dielectric constant law given in Equations (5,
6), our electrical conductivity model in Eq. (19), and especially our
accurate Fermi energy expression in Eq. (17), are now investigated, by
basing on the same physical model and the mathematical treatment
method, as those used in our recent works.**! Their numerical results
are obtained and given in next Tables in Appendix 1, suggesting an
equivalence between degeneracy-and-viscosity concept, given in this
Mg-AM. Here, the well-known “local” Einstein relation, being valid
only at the lowest degeneracy and lowest viscosity, is now globalized
by our “Global” Einstein -and- Van Cong relations, valid at any
degeneracy and viscosity, as showed in Equations (25, 32).
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INTRODUCTION

In the degenerate, compensated and viscous n(p) — Sr- alkali metal (=Sr-AM), the
Global Einstein -and- Van Cong relations, as those given in Equations (25, 32), and various
optical-electrical-thermoelectric laws, enhanced by : (i) our static dielectric constant law
given in Equations (5, 6), (ii) our electrical conductivity (c)-model obtained in Eq. (19), and
especially (iii) our accurate Fermi energy expression in Eq. (17), with a precision of the order
of 2.11 x 10™*, affecting strongly all the expressions of electrical coefficients, are now
investigated by basing on our physical model and Fermi-Dirac distribution function, as those

given in References.!**®!

Then, some important remarks can be summarized as follows.

(1) As observed in our recent work™™, the critical impurity density Ncpn(cpp): defined by the
generalized Mott criterium in the metal-insulator transition (MIT), is just the density of
electrons (holes), localized in the exponential conduction (valence)-band tail (EBT),
NEbnccop)- being obtained with a precision of the order of 3.327 x 1077, as given in Table
1 in Appendix 1, and also in our recent work.™ Therefore, the effective electron (hole)-
density can be defined as: N* = N — Nepn(cpp) = N — NEp 1 cpp): N being the total impurity

density, as that observed in the compensated metals.

(2) The ratio of the inverse effective screening length Ky, sp) to Fermi wave number Kgpip)

at 0 K, Rgn(spy(N™), defined in Eq. (13), is valid at any N*.

Therefore, by basing on this o-expression, the Global Einstein -and- Van Cong relations
defined in Equations (25, 32) and various electrical thermoelectric laws are determined.
Finally, the numerical results of the electrical thermoelectric coefficients are obtained,
discussed and reported in Tables (3-7) in Appendix 1, suggesting an equivalence between
degeneracy-and-viscosity concept, given in this Sr-AM.
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Our Static Dielectric Constant Law and Generalized Mott Criterium in the Metal-
Insulator Transition (MIT)

First of all, in the Sr-AM™, we denote : the donor (acceptor) d(a)-radius by Tq@). the
corresponding intrinsic one by: rge(ae)=Tsr = 0.195 nm, the unperturbed reduced effective
electron (hole) mass in conduction (valence) bands by: m,y = 1, the unperturbed effective
electron (hole) mass in conduction (valence) bands by: mny X my, m, (= 9.109558 X

10728 g) being the free electron mass, and the vacuum dielectric constant by: &, = 1.

Therefore, we can define the effective donor (acceptor)-ionization energy in absolute values

as:
13600X[m¢(yy]
Edo(ao) = T() meV, (1)
and then, the isothermal bulk modulus, by :
— Edo(ao)
do(ao) (%)X(Fdo(ao)f ( )

Effects of impurity size

Here, one shows that the effect of the size of donor (acceptor) d(a)-radius, rqc,), strongly

affects the changes in all the energy-band-structure parameters, which can be represented by

the effective relative static dielectric constant £(rq(a,)), as follows.

Al rqa) = T'do(ao), the needed boundary conditions are found to be, for the impurity-atom

volume V= (41/3) x (rd(a))g, Vdo(aoy = (41/3) X (rdo(ao))3, for the pressure p, as: p, =
0, and for the deformation potential energy (or the strain energy) o, as: 6, = 0. Further, the

two important equations, used to determine the o-variation: Ac= 6—0, = o, are defined by:

d_p:—E :—E Vi . i E =E 1 H .
v Vandp v - giving: dV(dV) v Then, by an integration, one gets:
\% rd(a 3
[Ao(rd(a))]n(p) = Bdoao)y *(V— Vdo(ao) )x In ( Vaogao) )= Edo(ao) X [(ﬁ) - 1] X
3
fd@ )" >
In (rdo(ao)) = 0. (3)

Furthermore, we also shown that, as rqc) > I'qocao) (Td) < Tdo(ao)), the compression
(dilatation) gives rise to: the increase (the decrease) in the effective donor (acceptor)-

ionization energy Eqca(raca) in the absolute values, being obtained from the effective Bohr
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model, and then such the compression (dilatation) is represented respectively by:

+ [Ac(rd(a))]n(p)’

i ,
Eq@)(Tda)) — Edo(ao) = Edocao) X ( - ) — 1| = + [Ao(rga)]

i €(rdca)) n(p)’

for I'qca) = I'do(ao): and for I'q(a) < I'do(ao):

(4)

i ,
Eq@)(Tda)) — Edo(ao) = Edocao) X ( - ) — 1| = — [Ao(rga)]

i €(rdca)) n(p)’

Therefore, from above Equations (3) and (4), one obtains the expressions for e(rq(,)) and

Eaca)(Taqa) as:

(i)-for I'd(a) > I'do(ao) since E(rd(a)):\/

€o
s s 2
do(ao) Tdo(ao)

r'd(a 3 rd(a 3
Ed(@(Td@) ~ Edo(ao) = Edo(ao) X [(ﬁ) - 1] x In (ﬁ) >0,
(5)

according to the increase in Eq)(rqc ), and

<g,, and

(ii)-for ryea) < rqoao), SiNCe &(rqea)) = 3£° =2 &, with a condition,

_|(Ld@ ) _fd@

\/1 [(rdo(ao)) 1 Xln(rdo(ao))

given by: [( d(a) — 1] X ln "d@ ) <1, and
rdo(ao) do(ao)
3
_ T'd(a d(a

Edca)(Ta@)) — Edocao) = —Edo(ao) X [(r doEal : 1] X ln rdoial )) <0, (6)

corresponding to the decrease in Eq,)(raca) )-

Furthermore, the effective Bohr radius agp(gp)(raca)) is defined by:

W@ _ 53 % 1078 cm x S29e)

a r =
Bn(Bp)( d(a)) (m¢vyxmp)Xq mc(v)

(7)

where —q is the electron charge; q > 0.

Generalized Mott Criterium in the MIT
Now, it is interesting to remark that the critical total donor (acceptor)-density in the MIT at
T=0 K, N¢pn(cpp)(Ta))s Was given by the Mott’s criterium, with an empirical parameter,

M ast

n(p):

1
Nconceop) (Faca)) /3 X agncep) () = Mapy, Mngpy = 0.25, (8)
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depending thus on our new &(ryc,))-law.

This result can be explained by using the definition of the reduced effective Wigner-Seitz

(WS) radius rgpsp) M. in the Mott’s criterium, being characteristic of interactions, by:

1

3 3 1 3\3
r N=N r , T = ( ) X =(—) X4 =
S“(Sp)’M( con(cop) (Ta(a)) d(a)) 4mNcpn(cpp) (Tdca)) agn(p) (aa)) (4")

2.4814, 9)

for any rq(,)-value. Therefore, one also has :

1
NCDn(CDp)(rd(a)) /3 X aBn(Bp) (rd(a)) =1/4=0.25= Mn(p) (10)

explaining thus the existence of the Mott’s criterium.

Furthermore, by using M) = 0.25, according to the empirical Heisenberg parameter

n(p
H oy = 0.47137, as that given in our recent work.!™, we have showed that Nepncpp) i
just the density of electrons (holes) localized in the exponential conduction (valence)-
band tail |, Nebacpp) + With a  precision  of the order of
3.327 x 1077, as also showed in Table 1 in Appendix 1. So,

Ncpn(npp) (rd(«'sl))E Ngg'g(CDp)(rd(a))' (11)

Here, it shoud be noted that the values of My,,) and 3,y could be chosen such that those of

n(p

Ncpn(epp) and NEB 1 cpp) are found to be in good agreement with experimental results.

Therefore, the effective density of electrons (holes) given in parabolic conduction (valence)

bands, N*, can be defined, as that given in compensated materials:

N*(N,r4(a)) = N = Nepnevop) (Tagay) = N = NEprepp) (Tacay) = 0. (12)

One notes here that, with increasing rqc) and for a given N, Nepnnpp) (Taca)) InCreases, as
observed in Table 1 in Appendix 1, and therefore, N*(rq(,)) decreases, according to the

increasing compensation.

In summary, as observed in our recent papert), for an increasing Td(a), €(Taca)) decreases,
while Nepnvpp)(facay) increases, affecting strongly all the electrical-and-thermoelectric

coefficients, as those observed in following Sections.
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Physical model

In the Sr-AM, the reduced effective Wigner-Seitz (WS) radius rgpspy, Characteristic of
interactions, being given in Eq. (9), in which N is replaced by N*, is now defined by:

k—l
ABn(Bp) ’

3 )1/3>< 1

rsn(sp)(N*,rd(a)) = (m being

¥ X Tsnsp) (N, Taa)) =

agn(ep)(Td(@)
1
roportional to N*~%3. Here, y = (4/91)Y3, Kgnre)(N*) = (372N*)3 is the Fermi wave
p (Fp)

number.

Then, the ratio of the inverse effective screening length kgpspy t0 Kpn(ipy is defined by:

— kSn(sp) kl;rll(Fp) -r
Ron(sp (N) = Kentrp)  Koiiop) Rsnws(spws) + [RenTr(spTr) — Rsnws(spwsy|e "sne» < 1,
sn(sp

(13)
being valid at any N*.

Here, these ratios, Rsnrr(sprr) and Rgaws(spws), can be determined as follows.
First, for N > N¢pnnpp) (Taa)). according to the Thomas-Fermi (TF)-approximation, the

ratio Rgnrresprry (N™) is reduced to:

_ ksnTF(spTF) kEé(Fp) 4YTsn(sp)
RsnTF(spTF)(N*) = Tk = 1 = « 1, (14)
Fn(Fp) snTF(spTF) n

x—1/6

being proportional to N

Secondly, for N < N¢pnnpp) (Tagay), according to the Wigner-Seitz (WS)-approximation,

the ratio Rs,ws(snws) is respectively reduced to:

*) = Kents d[rZn (spy*ECE(N)
o) =285 05 (1 - el

where Eqcg(N*) is the majority-carrier correlation energy (CE), being determined by:

0.87553 2[1-In(2)]
: xIn(r -0.093288
E (N*) _ —0.87553 0.0908+I'gp (sp) ( 2 ) ( sn(sp))
¢e 0.0908+rspn 1+0.03847728xrL.67378876
sn(sp) sn(sp)

Furthermore, in the highly degenerate case, the physical conditions are found to be given by:

Ken(rp) Un) 1 Ken(Fp) VamxN*© oy —1/2
< = — =R <1, U N*r = X gq°k :
agn®p)  EFno(Fpo)  An(p)  Ksn(sp) sn(sp) n(p)( d(a)) (rd(a)) 4 Xsn(sp)
(16)
H H . * EFno(Fpo)(N*) * — thk%‘n(Fp)(N*)
which gives: A N*r =——"P - F N*r =——F -
g n(p) ( d(a)) [Un(p)(N*'rd(a)) Fno(Fpo) ( d(a)) 2Xm () Xmg
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Here, one remarks that: (i) the generalized Thomas-Fermi energy [Un(p)(N*, rd(a)) can thus be

approximately expressed as: C X

( 1 C being a constant, and (ii) Uy, ( rgca)) increases
d(a)

with increasing rq(,) and for a given N, since e(rq(,)) decreases, as given in Ref.l’!

Fermi Energy and Fermi-Dirac Distribution Function
Accurate Fermi Energy Expression
Here, for presentation simplicity, we change the sign of all various parameters, given in the

Mg-AM, in order to obtain the same one, as given in its degenerate n-type , according to the

. Ern(rp) (NI aca), T
reduced Fermi energy Epncep) s &nepy(N* Taq), T) = — (Fp)li Trd() ) 0(< 0), obtained

respectively in the degenerate (non-degenerate) case.

For any (N* rqa), T), the reduced Fermi energy &, (N, rqa), T) or the Fermi energy
Eeneep)(N¥, Tq@), T), obtained in our previous paper [9], obtained with a precision of the

order of 2.11 x 1074, is found to be given by:

_ EFn(F  _ G+AuBF(u) _ v(u) _ _
En(p)(U) p T7AuD =W A =0.0005372 and B =4.82842262,

(17)

where u is the reduced electron density, u(N*,rd(a),T)ENN—(T), New)(T) = 2 x
c(v)

2

(M) (cm™3), F(u) = au3(1 +bu”s + cu g) *a=[3vm/4]”?, b SO

2mh?

_ 62.3739855 (n)

~ d _— n3/2
- and G(u) = Ln(u) + 277 x u x e~du: ¢ = 2/[ ]>0

So, in the non-degenerate case (u < 1), one has: Egyppy(u) = kgT X G(u) = kgT X Ln(u)

as u — 0, the limiting non-degenerate condition, and in the very degenerate case (u > 1),

2
S h2 XK ppy (N*)

ZXmC(V)xmo

8

2 4
one gets: Eppppy(u > 1) = kgT X F(u) = kgT X au3 (1 +bu s + cu_§)

Fn(Fp)

as u — oo, the limiting degenerate condition. In other words, &,y = IS accurate,

and it also verifies the correct limiting conditions.
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In particular, as T— 0K, since u™! -0, Eg. (11) is reduced to: Efnorpoy(N*) =

7% XK (pp) (N)
2XMe(y)XMg

, being proportional to (N*)?/3. Further, at T=0 K and N* = 0, being physical

conditions, given for the metal-insulator transition (MIT).

In the following, it should be noted that all the optical and electrical-and-thermoelectric

properties strongly depend on such an accurate expression of &, (N*, Td(a) T).[Q]

Fermi-Dirac Distribution Function (FDDF)

The Fermi-Dirac distribution function (FDDF) is given by: f(E) = (1 +¢e¥)™!, y= (E-
Egneep))/(kgT).

Thus, the average of EP, calculated using the FDDF-method, as developed in our previous

works™ ® is found to be given by:

_ p _ o of af 1 eV
(EP)eppF = Gp(Een(rp) X Epngrp) = J_oo EP X (_ ﬁ) dE, -—--= ot X Tren)?

. of .
Further, it should be noted that, at T=0 K, ——_ = 8(E — Efno(rpo))» (E — Ernocrpoy) being

the Dirac delta (8)-function. Therefore, G,(Epno(epoy) = 1.

Then, at low T, by a variable change y = (E — Egn(gp))/(kgT), One has:

_ _ [ eY p _ B
Go(Brncem) = 1+ Benrpy X oo G X (KoTY + Brncry ) dy = 14 Ty Cp X
(kgT)P x E;f(Fp) X Ig, where CE =plp—1..p—B+1)/B! and the integral I is

given by:

o0 (17e1)? dy = f_";mdy, vanishing for old values of B. Then, for even

values of B = 2n, with n=1, 2, ..., one obtains:

_ 0 YZnXey

IZn - fO (1+ey)2 Y.

Now, using the identity(1 + e¥)™2 = 3122 ,(—1)5*1s x Y6~V a variable change: sy = —t,
the Gamma function: f0°° t?Me~tdt =T'(2n+ 1) = (2n)!, and also the definition of the
Riemann’s zeta function: {(2n) = 22" 11?%|B,,|/(2n)!, B,, being the Bernoulli numbers,
one finally gets: I,, = (22" — 2) X 2" x |B,,|. From the above Eq. of (EP)gppr, We get in

the degenerate case (§,p) > 1) the following ratio:
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— TkgT T _ {EP)rpDF p p(p-1)..(p—2n+1) on
G (:"B = <1):—=1+ _ X (220 — 2) X |Byy,| X
p>1 Y Epn(rp) Sn(p) gn(pp) Zn—l (2n)! ( ) | 2n |

which can thus be approximated by:

Gps1(y <1) = 1+p(p—1) X [By| xy2, By ==, (18)

Then, some usual results of G, (y < 1) are given in the Table 2 in Appendix 1, suggesting
that, with increasing T (or decreasing T) and for given (N, rgq), since &, (T) decreases (or

increases), the function G, (T) increases (or decreases).

Electrical Properties

Now, the electrical conductivity o can be defined and expressed in terms of the Kinetic energy

2 2
of the electron (hole), E, = & k being the wave number, as:
2><mn(p)(x)><mo
1
_axk Kk Bk \2 , 1 o - 2
o(k) = 7 % T X [kx aBn(Bp)] X (Un(p)) (4=7)» Which is thus proportional to E;”,

q? _ _ . . . .
where —— = 7.7480735 X 10 5 ohm™ and U,,,)(N*, rqca)) is determined in Eq. (16).

T[kBT
EFn(Fp)

} 2
Then, we obtain: (E?)pppr = Go(y = )xEén(Fp) , and Gy(y) = (1+y?)5

Go(N*, Tq(a), T) , With yEEn%’ Entp) = &n (N* Taa), T) for simplicity. Therefore, for

EFno(Fpo) > 0and T =0K, GZ(y = 0) = 1.

Therefore, if denoting the function H(N*, rqc,), T) by:
H(N", rgca), T) =

[an(Fp) (N9
Rsn(sp) (N

. «y _ EFno(Fpo)(N")
X [Ken(rp) (N) X apn(ap) (ra) )] X JAn<p)(N ) = G (Ve

G (N*,rq(a), T), which can be approximately expressed in terms of: EZ ,mpe)(N) X

e(rq( )) . ) . .
GZ(N*, rd(a),T) X —f Thus, with increasing rqc,) and for given T and N, the function
(N4

H(rqca)) therefore decreases since (rq)) decreases, as noted in Ref.!

Therefore, the electrical conductivity o may be determined by:

2
O'(N*,rd(a),T) — nq_:h % H(N*;rd(a),T) v ( Epn(Fp) ) ( 1 )' (19)

EFno(Fpo) {Ixcm
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noting that, at T=0K, it can thus be approximately expressed in terms of

JE(ra@) : : 13
EZnocrpoy(N*) Ta(ay X) X S——— , being proportional to: /s(rd(a), x) X (N*)iz , for

(N*)2
EFno(Fpo) > (0 and T =0K.

Electrical Properties

Here, if denoting, for majority electrons (holes), the thermal conductivity by:

w
cmXK

oth. (N, T4, T) in : and the Lorenz number L by:

Wxohm

_m kp\® _ _ -8 (y72 -2
L="2x (;) = 24429637 (22 ) = 2.4429637 x 1078 (V2 x K~2) , then the well-

h.

known Wiedemann-Frank law states that the ratio, =2, is proportional to the temperature

T(K), as:

oth.(N".rqea),T)

=LxT. 20
O'(N*,I‘d(a),T) ( )

Further, the resistivity is found to be given by: p(N*, rgc), T) = 1/06(N*, rqca), T), noting
again that N* = N — Nepnnpp) (Fa(a), X)-

New Electrical Coefficients

The relaxation time < is related to by!®!:
T(N*, T T) = 6(N*, rgea), T) X M . Therefore, the mobility p is given by:

qxt(N*rgca)T) _ G(N T T) (ﬂ)
Me(v)X Mo qxN* Vxs 7!

u(N*, Fd(a),T) = (21)

being expressed in terms of M Further, as noted in above Eg. (19) for
o(N*, rqc), T) and at T=0K, p(N*,rqc), T) can thus be expressed in terms of:

/5(rd(a))

EFno(Fpo)(N rd(a)'X) X 5
Then, from the well-known idea of Stokes, Einstein, Sutherland and Reynolds, we can define
our viscosity coefficient, V(N*, rq(,), T), and its reduced one, RV(N*, r4¢,), T), by:

= _VOWra@D

V(N Td(a) T) 1 ( \%
q 61I><u(N* raca)T)XRws(N*) \cm

where Ryys(N¥) = (4;

1/3
) is the effective Wigner-Seitz radius, decreasing with increasing

N*

N*.
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Further, as noted above foru(N*,rd(a),T), V(N*,r4ca), T) can thus be expressed in terms of

19 1
(N)T2X[Ncpn(npp) (Fda)*)]®
Efn(rp) (N"Td(a) T)XG2(N"raca) T)

, giving raise to some concluding remarks as follows.

—With decreasing T and for given N and rg(,), and

—with increasing N and for given T and rq,), corresponding to the high degeneracy
conditions,

V(N) thus increases, suggesting an equivalence between degeneracy-and-viscosity
concept, and being used to explain the numerical results of V, given next Tables.

Then, the activation energy, AE(N*, rg(a, T), can be defined as™":

AE(N", 1), T) = kpT X Ln (RV(N",rq0), T) ) < 0 eV, (23)

according to the reduced activation energy, RAE(N*, rgca), T), given by:

RAE(N®, rg(a), T) = W = Ln (RV(N*, rd(a),T)) <o0.

Furthermore, the Hall factor, r(N*, rqc,), T), is defined by:

T T[kBT

% _ (t®)rpDF G4 (y) —
N%, ,T) = = , Y= = , and the Hall
r(N", raga), T) [(Orpprl*  [G2(1)]? y Enp)(N"rq@).T)  EpnEp)(N*.rqe)T)
mobility is found to be given by:
2
(N g, T) = u(N*, rqga), T) X 1(N*, Tgca), T) (3“75). (24)

Global Einstein -and- VVan Cong relations
By taking into account Equations (21, 22) and for any N*, rgq,), and T, our global relations
are found to be defined by:

D(N*rge)T) _ D(N*rqca).T) V(N*rgea)T) y

R(N*, I‘d(a), T) =

X q X N* = D(N*, rqc), T) X

w(N*rg@)T) — o(N*rqe)T) q
N*  dEpn(gp) _ kgxT ( din(p)(u)) 3xL ( dEn(p)(u)) kg
X N =—xX = X === X IxX{u—— o
61 X Ryys(N™) . T . u—_- — TX(u ™ , .
3xL
Tz (25)

where D(N*, rd(a),T) is the diffusion coefficient, &, ) (u) is defined in Eq. (17), the mobility
w(N*, rgca), T) is determined in Eq. (21), the conductivity 6(N*, rgca), T) is determined in Eq.
(19), and the viscosity coefficient V(N*, rq(,), T) is defined in Eq. (22). By differentiating this

Efnrp) (W) _ G(w)+AuBF(u) _ V()
kgT  1+AuB  — w@)’

function &,y (u) = with respect to u, being defined in Eq.
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kgxT

dinéi)(u)_ Therefore, Eq. (24) can also be rewritten as: R(u) = TX

(11), one obtains

i _ ! 3
y LWV yhere W'(u) = ABuP~? and V' (u) = u™ + 27 2e~(1 — du) +

4 8

uB1F(u) |(1 +28) + 4 e 242w 2 1 One remarks that: (i) as u — 0, one has: W2 = 1 and

1+bu 3+cu 3

u[V' xW—-VxW’'] =1, and therefore: R(u- 0) = ks Ly being a well-known local

(u - 0) relation given by Einstein, and (ii) as u —» o, one has: W? ~ A?u?B and u[V’ x
W —V x W'] = 2au?/3A?u?B, and therefore, in this highly degenerate case and at T=0K,
our relation (24) is reduced to a correct result: R(N*, T4y X% T = OK) = ngno(Fpo)(N*)/Q-

It should be noted that the well-known “local” Einstein relation, being valid only at the
lowest degeneracy (or u — 0), is now globalized by our “Global” Einstein -and- Van Cong

relations (25), valid at any degeneracy (or any u).

Furthermore, in the present degenerate case (u > 1), Eq. (25) can be rewritten as:

) 2 Egno(epey () 4 <bu_§+2cu_§>
Revey(N*, raea), x, T = 0K) =X X T o X |
<1+bu 3+cu 3)

where a = [3v/4]”°, b (“) and ¢ = $2373%855 (m)*,

1920

Then, in Tables 3n and 3p in Appendix 1, for given rq,), and T=(4.2 K and 300 K), the

numerical results of V, pand D, expressed as functions of N, are obtained by using Equations
(22, 21 and 25).

Further, in Tables 4n and 4p in Appendix 1, for given rq(,) and N, the numerical results of

Fermi energy Epnrp)(r=ok)(eV) [or reduced Fermi energy &,)(N*,rq, T)], and viscosity
- . : v . .
coefficient V(N*, rqca, T), expressed in (:—mxﬁ) are obtained, as functions of T, by

using Equations (17, 22), respectively.

Thermoelectric Coefficients
Then, from Eq. (19), obtained for o(N*,rgc), T), the well-known Mott definition for the

thermoelectric power or for the Seebeck coefficient, S, is found to be given by:

_ 2
S(N*,rgqa), T) = — >< B e T x 2] _ o ke Ono(Ea)

OE EzEFn(Fp) 3 q aEn(p)
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2

= —2JL X V ZTMott (X) <0, ZTyor = “_2

1+ ZTMOtt K 3><En(p)1

Then, using Eq. (17), for the degenerate case, §,;) =0, one gets, by putting

2

_ y
YSb (N*, rd(a), T) =11- —1'[ ,
3Gy y=r—
2( En(p))
-m? _ k 2Y 3xL 2X ZT %
S(N', Py T) = o x K o 3k P o P (V)
3 q En(p) 2 <1+m> 1+ ZTmott \K
1-[2
2
0, ZTvor 3“—2 (26) according to:
En(p)
)"
S — 3XL X 2 X 2 — 3xL 2 X ZTmottX[1— ZTMott]
Oonie) b <1+_3><En(p)2>2 m? [1+ ZTMmott]?
T[2

Here, one notes that: (i) as &,y = +0 or &,y = +0, one has a same limiting value of S:

S— —0, (i) at & =\/§z 1.8138, since az"’s

= 0, one therefore gets: a minimum
n(p)

(pmin. = —VL = —1.563 x 107* (%) and (iii) at &,y = 1 one obtains: S ~ —1.322 X
1o ()

Further, the figure of merit is found to be defined by:

" _ S2xoxT _ f _ 4AX ZTMott
ZT(N* rg@), T) = —— =7 = (27)
. 9(ZT) S s .. ,1‘[2 .
Here, one notes that: (i) =— =2 X = X , S<O0, (i) at = |— = 1.8138, since
a(ZT) . .
Fravet 0, one gets: a maximum (ZT)max =1, ZTyew = 1, and (iii) at &,y = 1, one
n(p)

2
obtains: ZT = 0.715 and ZTyee = “? ~ 3.290.

Finally, the first Van-Cong coefficient can be defined by:

* = _N* ds VY N S _aEn(p)
VC1(N*, rqqa), T) = =N X N~ (K) =N 9%n(p) TN (#8)

being equal to O for &, ) = Jg ,

and the second Van-Cong coefficient as:
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VC2(N*, g, T) = T X VC1(N*, 1g4(a), T) = T X N* X agifp) X — 62’;(5), (29)
the Thomson coefficient, Ts, by:
* = E Z — _as _azn(p)
Ts (N rae, T) = Tx = (3 ) = T X T (30)
. 2
being equal to O for &,,) = 5
and the Peltier coefficient, Pt, as:
Pt(N*, r4a), T) =T X S. (31)

Then, in Tables 5n and 5p in Appendix 1, for given rq and N, the numerical results of
Enep): ¥, AE, oy, S, VC1, VC2, Ts, Pt and ZT are obtained, as functions of T=(4.2 K, 300 K),
by using Equations (17, 22, 23, 20, 26, 28, 29, 30, 31, and 27), respectively.

Further, in Tables 6n and 6p in Appendix 1, for given rq(,) and T=0K, the numerical results

2 2
of Fermi energy Epnep)(eV), V(106 x:—:lxi), o(22 )y u(%), and D(%), are

sz Qxcm

obtained, as functions of N, by using Equations (17, 22, 19, 21, 25), respectively.

Finally, in Table 7 in Appendix 1, for given physical conditions: rgqc,), N (or T), the same
values of &, decrease, according to the increasing T (or to the decreasing N), and other
thermoelectric coefficients are in variations, as indicated by the arrows as: (increase: /7,

decrease: \v). One notes here that (i) for §,,) = 1.8138, while the numerical results of S
present a same minimum Sy, (: —1.563 x 1074 E) those of ZT show a same maximum
ZTax = 1, (ii) for &,y = 1, those of S, ZT, ZTyer, VC1, and Ts present the same results:
~1.322 x 107*, 0715, 3.290, 1.105 x 10, and 1.657 x 10~*, respectively, and (iii)

for §,¢p) = 1.8138, (ZDyon = 1.

Furthermore, it is interesting to remark that the VC2-coefficient, defined in Eq. (29), is related

to our Global Einstein -and- Van Cong relations (25), by:

9s ., D(N"rq@)T) (V_Z) kg _ [3xL

ks * = - a
. X VC2(N*, g, T) = Onp)  H(N“rqe).T)

q A w2
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according, in this work, with the use of our Eq. (26),
to: VC2(N,rge), T) = T X VC1(N,rqca), T) =
_ D(N*rgc)T) ZTmottX[1= ZTMott] _ . m

H(N*rgca),T) X2 X [1+ ZTMmott]? W), ZTmote = 3><Eﬁ(p).

Therefore, we obtain in this work:

D(N*rqca).T) _ D(N*rgc)T)
W(N*rqe).T) ~ o(N*rae)T)

VC2(N,r ,T 1+ ZT 2 N* dE
_ (Nrge).T) x [ Mott] = x Fn(*Fp) ’ (32)
2 ZTymottX[1- ZTmott]  q dN

R(N*, rq(a), T) = X q X (N*/gc()) = D(N*,rqqa), T) X

YW ra@D o o 5 Rws(N¥) =

being new results.

Concluding Remarks

In the n(p) — type degenerate Sr — AM, the electrical and thermoelectric coefficients,
enhanced by : (i) our static dielectric constant law, £(r4c)), given in Equations (5, 6), (ii) our
accurate reduced Fermi energy, &, (), given in Eq. (17), being accurate with a precision of the

order of 2.11 x 10~*"! affecting all those coefficients, and finally (iii) our electrical
conductivity model, given in Eq. (19), are now investigated by basing on our physical model
and Fermi-Dirac distribution function, as those given in our recent works.!!

Finally, the numerical results of those coefficients are given and discussed in Tables 3n, 3p,

4n, 4p, 5n, 5p, 6n, 6p, and 7 in Appendix 1.
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APPENDIX 1
. N
Table 1. In the n(p) type degenerate Sr — AM, the numerical results of Byo(agy = 7.014698 x 101° (=) & Ncon(cop)»

and NESE(CDP) are computed and discussed in Ref.!" It should be noted that the relative deviations in absolute values are

defined by: |RD| = |1

EBT
__ Ncbn(eop

Ncpn(cdp)

, giving rise to their maximal value equal to 3.327 x 10~7. It means that such the

critical d(a)-density Ncpn(npp) (Tdca)) 18 just the density of electrons (holes) localized in the EBT, NEEE(CDP)( Td(a))-

Donor Te Sh Sn Sr
rq (NM) 7 0.132 0.136 0.140 0.195
e(rg) N 2.2792 1.8709 1.6356 1
Nepn(ra) in 1022 cm™3 2 0.88645906 1.6027389 2.3985955 10.495313
NEBT(ry) in 1022 cm™3  ~ 0.88645884 1.6027384 2.3985947 10.495310
|[RD| in 1077 2.4824 3.3270 3.1684 2.9684
Acceptor Ga Mg In Cd Sr
r, (Nnm) 7 0.126 0.141 0.144 0.148 0.195
e(ry) 4.8058 1.5911 1.4797 1.3680 1
Nepp(ra) in 1022 em™ 2 0.094559463 2.6057077 3.2394674 4.0996650 10.495313
NEBE (r,)in10%2cm™3 »  0.094559437 2.6057071 3.2394667 4.0996642 10.495310
|[RD| in 1077 2.7645 2.4801 2.2158 2.0682 2.9668

. mkgT i C o~ .. . .
Table 2: Expressions for Gpsr (v = . = E_)’ due to the Fermi-Dirac distribution function, are used to

Fn(Fp) n(p)

determine the electrical-and-thermoelectric coefficients, suggesting that, with decreasing T and for given

(high N, r,), the function Gps1(y) decreases as: Gpsq(y > 0) » 1.

G3/2 )

()

G(v)

()

G5/2 )

)

G3(y) G7,2(y)

(1+57)

G4(y) Go/2(¥)

(1+5)

(1+y?2) (1+2y?)
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Table 3n: For a given ry, and T=(4.2 K and 300 K), the numerical results of V,pand D, expressed

10%xeV s m?  cm?

X —; — ;—), as functions of N, are obtained by using Equations (22, 21 and 25),

2 )
cm cm Vxs N

respectively in (

noting that, in this very degenerate case, for same physical conductions, all the corresponding physical results

are found to almost be the same.

Donor Te Sb Sn Sr
rq (nm) 7 0.132 0.136 0.140 0.195
At T=4.2 K,

N (1023 cm™3)

3 (2.378 ; 2.384 ; 25.45) (3.162; 1.777;18.66)  (3.789; 1.470; 15.14) (6.088; 0.815;6.659)
4 (2.742 ; 2.280 ;29.64) (3.680; 1.689;21.68) (4.446; 1.388;17.58) (7.696 ; 0.740 ; 7.969)
5 (3.056 ; 2.208 ;33.41) (4126 ; 1.627;24.38) (5.012; 1.332;19.74) (9.062 ; 0.692;9.061)
6 (3333 2.153:36.86)  (4.522; 1.581:26.84) (5.514: 1.290;21.71)  (10.27; 0.659; 10.02)
At T=300 K,

N (1023 cm™3)

3 (2.378 ; 2.384 ;25.45) (3.162; 1.777 ;18.66)  (3.789; 1.470; 15.14) (6.088 ; 0.815; 6.659)
4 (2.742; 2.280:29.64)  (3.680; 1.689:21.68) (4.446: 1.388:17.58)  (7.695: 0.740 ; 7.969)
5 (3.056; 2.208 ;33.41) (4126 ; 1.627;24.38) (5.012; 1.332;19.74) (9.062 ; 0.692;9.061)
6 (3.333; 2.153;36.86) (4.522; 1.581;26.84) (5.514; 1.290;21.71) (10.27 ; 0.659;10.02)

Table 3p: For a given r,, and T=(4.2 K and 300 K), the numerical results of V,pand D, expressed

0%xeV s cm

. (1
respectively in (

cm cm !
noting that, in this very degenerate case, for same physical conductions, all the corresponding physical results

are found to almost be the same.

Acceptor Mg In Cd Sr

rq (nm) 7 0.141 0.144 0.148 0.195

At T=4.2 K,

N (102 cm™3)

3 (3.925; 1.415;14.50) (4295; 1.283;12.95) (4.705; 1.158;11.44) (6.088 ; 0.815;6.659)
4 (4.616; 1.335;16.84)  (5.080; 1.206;15.04)  (5.607; 1.084;13.31)  (7.696 ; 0.740 ; 7.969)
5 (5.210; 1.280;18.91)  (5.755; 1.153;16.89) (6.383; 1.033;14.94) (9.062 ; 0.692;9.061)
6 (5.738; 1.239;20.79)  (6.355; 1.114;18.56)  (7.073; 0.996 ; 16.43) (10.27; 0.659;10.02)
At T=300 K,

N (102 cm™3)

3

N A

(3.925; 1.415; 14.50)
(4.615; 1.335;16.84)
(5.210; 1.280;18.91)
(5.737; 1.239;20.79)

(4295 ; 1.283 ; 12.95)
(5.080 ; 1.206 ; 15.04)
(5755 ; 1.153 ; 16.89)
(6355; 1.114 ; 18.56)

(4705 ; 1.158 ; 11.44)
(5.607 ; 1.084;13.31)
(6383 ; 1.033 ; 14.94)
(7.073 ; 0.996 ; 16.43)

(6.088 ; 0.815 ; 6.659)
(7.695 ; 0.740 ; 7.969)
(9.062 ; 0.692 ;9.061)
(1027 ; 0.659 ; 10.02)
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Table 4n: For given ry and N, the numerical results of Fermi energy Eg,(r=ok)(eV) [or reduced Fermi energy
En(N*, ry, T)], and viscosity coefficient V(N*,r4, T), expressed in (% X c;_z)’ are obtained, as functions of T,

by using Equations (17, 22), respectively. In particular, from these numerical results of V(T), one observes that,

for such given (ry4 and N), they increase with decreasing T, in good agreement with those, obtained in liquids by

Ewell and Eyring!"”

and N), they increase with increasing ry.

and complex fluids by Wenhao!"®, and from those of V(ry), one observes that, for given (T

Donor Te Sb Sn

rq (nm) [4] 7 0.132 0.136 0.140

For N=4 x 1023 cm~3,

Ncpp in 1022 ecm™3 ~ 0.88645906 1.6027389 2.3985955
Epncr=o)(€V) N 19.79616573 19.79616572 19.79616571
Vo 2 2.7423999 x 106 3.6803524x 106 4.4460009 x 10°
En(rotzi) 5.3872781 x 10* 5.3213048 x 10* 5.2475190 x 10*
V (4250 7 2.7423999 x 106 3.6803524 x 106 4.4460009 x 10°
Encrorriy 2.9385157 x 103 2.9025303 x 103 2.8622835 x 103
V (7710 » 2.7423980 x 106 3.6803499 x 106 44459978 x 106
En(T=100K) N 2.2626573 x 103 2.2349486 x 103 2.2039585 x 103
V (100K) » 2.7423968 x 106 3.6803481 x 106 44459957 x 10°
En(T=150K) N 1.5084387 x 103 1.4899662 x 103 1.4693061 x 103
V (150K) » 2.7423929 x 106 3.6803428 x 106 44459891 x 106
En(T=200K) N 1.1313295 x 103 1.1174751 x 103 1.1019801 x 103
V (200K) 2 2.7423875 x 106 3.6803354 x 106 44459799 x 106
En(T=250K) N 905.0640836 893.9805886 881.5845856

V (2508 2 2.7423806 x 10° 3.6803259 x 106 4.4459680 x 10°
En(T=300K) N 754.2205695 744.9843299 734.6543344

V (300%) 2 2.7423721 x 106 3.6803142 x 106 4.4459535 x 10°

Table 4p: For givenr, and N, the numerical results of Fermi energy Ep,(r=ok)(eV) [or reduced Fermi energy
Ep(N*, r,, T)], and viscosity coefficient V(N*, r,, T), expressed in (:—:1 X C;—Z), are obtained, as functions of T, by
using Equations (17, 22), respectively. In particular, from these numerical results of V(T), one observes that, for
such given (r, and N), they increase with decreasing T, in good agreement with those, obtained in liquids by

Ewell and Eyring!"” and complex fluids by Wenhao!'™, and from those of V(r,), one observes that, for given (T

and N), they increase with increasing r,.

Acceptor Mg In Cd
r, (nm) 2 0.141 0.144 0.148
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For N=4 x 10%3 cm 3,

Nepp in 1022 cm™ 2 2.6057077 3.2394674 4.099665

Eppr=oy(eV) N

18.9268336

18.7123766

18.4193126

Vo) » 4.6156340 x 106 5.0797712x 106 5.6072736x 106

Ep(ratz) N 5.2282320 X 10* 51689917 x 10* 5.0880375 x 10*
V (425 2 4.6156340 x 10° 5.0797712 X 106 5.6072736 X 106
ey N 2.8517633 x 103 2.8194505 x 103 2.7752936 x 103
V (771 2 4.6156307 x 10° 5.0797675 x 106 5.6072694 X 106
E o (T=100K) 2.1958580 x 103 2.1709771 x 103 2.1369763 x 103
V (100%) 2 4.6156285 x 10° 5.0797650 X 10° 5.6072665 X 106
& o(T=150K) 1.4639058 x 103 1.4473185 x 103 1.4246514 x 103

V (150%) » 4.6156216 x 10° 5.0797572 x 10° 5.6072577 x 106

Ep(T=200K) 1.0979298 x 103 1.0854894 x 103 1.0684890 x 103

V 2006 7 46156119 x 10° 5.0797464 x 10° 5.6072453 x 10°

Ep(T=250K) 878.3443809 868.3920275 854.7917486

V (250%) » 4.6155995 x 10° 5.0797324 x 106 56072294 x 106

& (T=300K) 731.9541657 723.6605438 712.3269864

V (300K) 2 4.6155844 x 10° 5.0797153 x 106 5.6072100 X 106

Table Sn: For given ry and N, the numerical results of § ,V, AE, oy, , S, VC1, VC2, Ts, Pt and ZT are

obtained, as functions of T=(4.2 K, 300 K), by using Equations (17, 22, 23, 20, 26, 28, 29, 30, 31, and 27),

respectively. In particular, from the numerical results of V(T), one observes that, for such given (ry and N), they

increase with decreasing T, in good agreement with those, obtained in liquids by Ewell and Eyring

and

complex fluids by Wenhao!'®), suggesting an equivalence between degeneracy-and-viscosity concept, and

from those of V(r4), one observes that, for given (T and N), they increase with increasing ry.

Donor Te Sb Sn

rq (nm) [4] 7 0.132 0.136 0.140
For N=4 x 1023 cm~3,

Ncpn in 1022 cm™3 ~ 0.88645906 1.6027389 2.3985955
Encroaziy X 1074 N 5.3872781 5.3213048 5.2475190
En(T=300K) \ 754220569 744.984330 734.654334
V (4260 (% X i) x1076 2 2.7423999 3.6803524 4.4460009
Voo (j—;’l X C%) 1076 » 27423721 3.6803142 4.4459535
—AE (0 (V) x 10" 2 7.1777044 7.3567871 7.5651328
—AE 300k, (eV) x 107 2 2.6157751 2.6810377 2.7569644
Omn. (a2 (oo ) X 107 N 1.4663832 1.0660715 0.8581791
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om. Gook) (o) ™ 1.0474272 0.7614875 0.6129916
—S(azx) (E )x 10° 7 1.0524667 1.0655151 1.0804974
—S @00k (E )x 107 7 7.5175594 7.6107602 7.7177740
—VC1 (410 (% )x 10° 2 7.0164445 7.1034341 7.2033161
—VC1 300k (E) x10"  ~ 5.0116266 5.0737574 5.1450965
—VC2 42 (% yx10° /2 2.9469067 2.9834423 3.0253928
—VC2300k) (E) x10* 2 1.5034880 1.5221272 1.5435289
TSk (E )x 10° 2 1.0524667 1.0655151 1.0804974
—Tsaook) (E) x10" 7 7.5174398 7.6106362 7.7176447
—Pt 4 2(V) x 108 2 4.4203601 4.4751635 4.5380892
—Pt300k)(V ) x 10* » 2.2552678 2.2832281 23153322
ZTuax) X 10° 2 4.5341897 4.6473160 4.7789276
ZT(300k) X 10° 7 23133253 23710410 24381875

Table 5p: For given r, and N, the numerical results of Ep, V, AE, oy, , S, VC1, VC2, Ts, Pt and ZT are obtained,

as functions of T=(4.2 K, 300 K), by using Equations (17, 22, 23, 20, 26, 28, 29, 30, 31, and 27), respectively. In

particular, from the numerical results of V(T), one observes that, for such given (r, and N), they increase with

decreasing T, in good agreement with those, obtained in liquids by Ewell and Eyring!'”! and complex fluids by

Wenhao!'®), suggesting an equivalence between degeneracy-and-viscosity concept, and from those of V(r,),

one observes that, for given (T and N), they increase with increasing ry.

Acceptor Mg In Cd

I, (M) 7 0.141 0.144 0.148
For N=4 x 1023 cm~3,

Nepp in 1022 cm ™ 2 2.6057077 3.2394674 4.099665
Epereazio X 107\ 5.2282320 5.1689917 5.0880375
£ (T=300K) \ 731.954166 723.660544 712.326986
Vi (S2x=5)x 107 2 46156340 5.0797712 5.6072736
Vioow (S x =) x 1076 » 46155844 5.0797153 5.6072100
~AE 40 (eV) x 10 7 7.6210509 77967342 8.0468130
—AE 300k (€V) x 107 7 27773428 2.8413682 2.9325037
ot a0 (oo ) X 10° N 8.2057410 7.2879769 63971765
om. ook ()X 10 N 5.8613066 52057550 4.5694636

cmxK
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A4
Staarg () 10° 2 1.0844834 1.0969123 1.1143650
v
=S @00k () % 107 7 7.7462445 7.8350204 7.9596787
~VC 210 (g )x 10° 2 7.2298892 7.3127488 7.4290997
A%
—VC1 300k, (E) x 107 2 5.1640758 5.2232567 5.3063579
—VC2 a0 (g yx108 2 3.0365535 3.0713545 3.1202219
\%
—VC2 300K (E) x 10"  ~ 1.5492227 1.5669770 1.5919074
~TStax) (g ) x 10° 2 1.0844834 1.0969123 1.1143649
\%
~Ts300K) (;) x 107 7 77461137 7.8348850 7.9595368
—Pt(yp(V) X 108 7 4.5548302 4.6070318 4.6803328
~Pt 00k, (V) x 10 7 2.3238733 2.3505061 2.3879036
2T X 10° 7 4.8142515 4.9252333 5.0832078
ZT 00k X 10° 7 2.4562093 2.5128307 2.5934272

Table 6n: For given ry and T=0K, the numerical results of Fermi energy Eg, (eV), V(10° x % X ﬁ), o(i),

Qxcm
u(‘(;Tm:), and D (g), are obtained, as functions of N=[= N¢p,, N1=4 X 1022 cm™3,N2 = 5 X 1023 cm~3,
N3 = 6 X 10?3 cm™3], by using Equations (17, 22, 19, 21, 25), respectively. It should be noted here that (i)
they are cancelled at the MIT-conditions , (T=0K, N=Np, or N* = 0), and (ii) those values of Ep, = 0,
V=0,0=20,u=0,andD = 0, obtained for N = N¢p, , thus define the properties of the degenerate (or
viscous) Sr-AM, given in the Mott MIT. In particular, from these numerical results of V, one observes that, for
such given (ry and T=0K), they increase with increasing N (or increasing Eg, ), in good agreement with those,
obtained in complex fluids by Wenhao!"®, suggesting an equivalence between degeneracy-and-viscosity

concept.

N = Ncpn = Ncpn N1 N2 N3

For ry = ry, and N¢p,=8.8645906 x 1021 cm™3,

Egn 7 =0 [0] 19.502 22.699 25.684
A =0 [0] 2.7424 3.0556 3.3331
c 2 =0 [0] 14.292 17.376 20.394
TR =0 [0] 22805 2.2081 2.1533

2 =0 [0] 29.644 33.407 36.862

For ry = rg, and N¢p,=1.6027389 X 10%2 cm ™3,
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Egn 2 =0 [0] 19.264 22478 25.476
A =0 [0] 3.6803 4.1263 4.5218
c 7 =0 [0] 10.390 12.618 14.791
TR =0 [0] 1.6889 1.6272 1.5808

» =0 [0] 21.685 24378 26.843

Epn 7 =0 [0] 18.997 22231 25.244
v o/ =0 [0] 4.4460 5.0120 5.5144
c =0 [0] 8.3639 10.161 11.908
TR =0 [0] 1.3883 1.3323 1.2903

2 =0 [0] 17.578 19.740 21.711

Epp 7 =0 [0] 16.161 19.632 22.819
v o2 =0 [0] 7.6957 9.0620 10.268
c 7 =0 [0] 3.4972 4.3828 5.2257
TR =0 [0] 0.7398 0.6924 0.6588

2 =0 [0] 7.9687 9.0608 10.021

Table 6p: For given r, and T=0K, the numerical results of Fermi energy E,(eV), V(106 x :—:} X Cmiz), 0(%),

cm?

2
L), and D (%) are obtained, as functions of N=[= Ngpp, N1=3 X 1023 cm™3, N2 = 4 X 10%% cm™3,

N3 = 5 X 10?3 cm™3], by using Equations (17, 22, 19, 21, 25), respectively. It should be noted here that (i)

Vxs

they are cancelled at the MIT-conditions , (T=0K, N=N¢p, or N = 0), and (ii) those values of E, = 0,
V=20,06020,u=0,and D = 0, obtained for N = N¢pp, thus define the properties of the degenerate (or
viscous) Sr-AM, given in the Mott MIT. In particular, from these numerical results of V, one observes that, for
such given (ry and T=0K), they increase with increasing N (or increasing Eg, ), in good agreement with those,

obtained in complex fluids by Wenhao!'"®), suggesting an equivalence between degeneracy-and-viscosity

concept.

N 2 Nepp = Nepp N1 N2 N3

For r, = ryg and N¢p,=2.6057077 x 10%? cm~3,

Epp 7 =0 [0] 15.381 18.927 22.166
v 2 =0 [0] 3.9255 4.6156 5.2100
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c 7 =0 [0] 6.2099 7.9974 9.7179
TN =0 [0] 1.4148 1.3348 1.2798
D / =0 [0] 14.504 16.839 18.907

Forr, = ry, and N¢p,=3.2394674 x 1022 cm~3,

Epp 7 =0 [0] 15.143 18.712 21.968
A =0 [0] 42952 5.0798 5.7555
c 7 =0 [0] 5.5011 7.1030 8.6404
TR =0 [0] 1.2830 1.2060 1.1533

2 =0 [0] 12.949 15.041 16.887

Epp 7 =0 [0] 14.816 18.419 21.698
v o =0 [0] 4.7055 5.6073 6.3835
c 7 =0 [0] 4.8074 6.2348 7.5998
TN =0 [0] 1.1585 1.0839 1.0334

2 =0 [0] 11.440 13.307 14.945

Epp 7 =0 [0] 12.264 16.161 19.632
v o =0 [0] 6.0878 7.6957 9.0620
c 72 =0 [0] 2.5458 3.4972 4.3828
TR =0 [0] 0.8147 0.7398 0.6924

2 =0 [0] 6.6592 7.9687 9.0608

Table 7: In the n(p) type degenerate Sr — AM, for given physical conditions: ry(,), N (or T), the same values
of En(p) decrease, according to the increasing T (or to the decreasing N), and other thermoelectric coefficients
are in variations, as indicated by the arrows as: (increase: 7, decrease: ). One notes here that (i) for g, =
1.8138, while the numerical results of S present a same minimum S, (= -1.563 x 107* E), those of ZT
show a same maximum ZT,_,, = 1, (ii) for En(p) =1, those of S, ZT, ZTy,y, VC1, and Ts present the same
results: —1.322 X 107, 0.715, 3.290, 1.105 X 107, and 1.657 X 107, respectively, and (i) for
Eap = 1.8138, (ZT)yore = 1.

Enpy 1.880 [1.880] 1.8138 [1.8138] 1.750 [1.750] 1[1] 0.998 [0.998]
5(10—42) —1562[—1.562] v —1.563[—1.563] » —1.562[—1.562] 7 —1.322[-1.322] 7/ —1.320[—1.320]
ZT 0.999[0.999] 1[1] N 09990999 N 0.715[0.715] N 0.713[0.713]
Dyt 7 0.931[0.931] 1[1] 1.074 [1.074] 3.290 [3.290] 3.306 [3.306]
vC1 (10—%) —0.061[—0.061] 7 01[0] 7 0.063[0.063] 2 1.105[1.105] /~  1.109[1.109]
Ts (10—42) —0.092 [0.092] 0[0] 7 0.094[0.094] / 1.657[L657] /7  1.663[1.663]
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