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1 a%a0
Mo 3{ W }
.
1 APVW see fig. a ‘ see fig, b i
r-zs/ * 0.726 R = 9.88 eV 0.7‘4‘8 R = 10.18 eV !
2 0,914 R = 12,43 eV 0,959 R = 13,05 eV |
Hp% 1,091 R = 14,84 eV 1,170 R = 15,92 eV
le 0.'403 R = 5.“8 eV 0.398 R = 5.“2 eV
N3 101“3 R = 15055 eV 1.235 R = 16.80 eV
N, 0.578 R = 7.86 eV 0,585 R = 7,96 eV
2 g(w) see fig. ¢ see fig,., d
31 T e | 2,10 2% = 0,29E23 3% | 1,2275% = 0,16E23 3%~
| £ el 5,14998au = 2,725204 5.17956au = 2,740854
5 O 959 u. = 1,59E=25 kg 183,8 w = 3,05E-25 kg

Petroff & Viswanathan *
Gladstone et al, **
Pearson #**

Johnson & Nier ¥*x
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The vibrational frequency
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A 3iopya phnn 23wt I
97713
a = Hps-128
B = N3 -Np
Y = [M2-H2
[A4] 72771 7T320K Yw 37371700727 NAXTT 0771 0V7N0INT ¥ i

nYk1wnn nX 0°'Yapn
a+ 28 = (488Ap) (3 Q9 +Q$) + 2)

a - B + 2y = (483Ap)(Q0)+ 2)
20 - 2B + y = (483Ap)

B?7707370 DY W DN MY (RP) 1 (Ap) NN 72p% XIDIXR 9333
Py poanma  Nwr e RN NInyna 1IN (51 0°323772 NI2pya IR
0702719 Ny 2p IV 130K NiND X aw) 13op anyswiw )0

x=(3p=20)(x-p +237) R (ap) =4(3x +VIXF F2ux ) 1323

(AR)=(x-B+279) TH8vIX Qs +2) 1
.Q 1 4 002797 *27y NInil B30I P2 apabnl  (niX1ITRd vnw 73N

027720 23w70 NI XA 2
Gy "}(Qf)a +2(Qp)® + 8(Qp) + 14 }

Cp =4(qs)® + 2
Cq =3(ap)® + (1) - 2(Qp) - 10

7a%2 0°237p 07312W2 2w 1071

I =5 A3(s5c3 + 207 + 203)

Q223w G230U0 N2ann 23w R

hom BE SEDCR-DA

a

D= 3(Qs)® +85(qe) +6
D= -32(Qp)+ 3

W= FA2(20? + 52)

Yo a9R 0y NixeinT nx1Iw M 1 Mo% A% 0°23w°R NN 277103
B3 — NIty 2% 0T w . McMillan]
1 R'= 13,60535 eV
“ 1 au = 0.529167 &
10 3 R%/au® = 6.6105 ev2/%*
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2 a%ap

Mo L
a 0.365 R - 4,96 ev 0,422 R = S5¢74 eV
B 0,565 R = 7,69 6V| 0,650 R = 8,84 eV
Y 0.511 R - 6.95 eV 00561 R - 706“' eV
x 0.82 0.93
(Q8) 377 4,11
(ap) 1,71E-3 R = 0,0233 eV 1,75E-3 R = 0,0239 eV
A 3032E-4 & = 0,008555 3.39E-4 2 = 0,00872 %-
C1 90.5 104.6
Ca 19.9 25.5
J3 2M48E-2 & = 16445 349E-2 & = 23182
A2 SMHIE-4 L = 0,0139% 5025E-4 & = 0,0135 &
n 42,36 47,82 |
D2 7353 7769
J2 0.15E-2 % = 0,99 & 018E-2& = 1.18%
32 26325 = 174 %% 3.68E-2 & = 2M.38L
<22 " 372E-28 = 2M.655 | 6M3E-25% = B2.5%F
A -29% 3%
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Abstract*

This work deals with the determination of the critical temperature {
"Tc” for the onset of electrical superconductivity in the transition
metals., In these metals with partially filled "d" bands this task
is complicated by the locallzed nature of the electrons and by fhe
strong electron-phonon coupling, and thus the simplest BCS theory so
succeasful for the simple metéls is rendered inapplicable,

The extension of BCS theory to strong coupling superconductors,in
which the phonon induced, electron mass enhancement 1s non-negligible
with regpect to unity, was performed by Ellashberg who extended tech-
niques developed by Migdal, to provide a formal treatment of the electron-
phonon interaction taking the self energy into account. Notable addi-
tions, especially relating to handling the repulsive Coulomb interaction,
were provided by Morel & Anderson and by Scalapino, Schrieffer & '
Wilkins, McMillan developed within this framework a closed-form equa=-
tion for T., and reviewed the experimental situation. o

Prescinded from these considerations, Appel and Kohn (refered to
herein as [AK I]) studied the ramifications of Cooper-pairing due to
virtual phonon exchange in metals with narrow d bands, emphasizing the
atomic aspect of the itinerant electrons, After transforming to a
Wannier or "site®™ representation, they find an equation for the Vertex
part of the irreducible self energy appearing in the full propogator
(Green function), in an approximation known as the "contact™ approx-
imation, in which the electrons of a palr scatter together from one
atomic site to another, ,

In a further paper (known here as [AK II]) they extend this treat-
ment using group theoretical methods to cases where more than one
energy band is involved.

i
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* References on page 89



The melding of the two techniques to form a locallzed strong-coupling
theory was accomplished by Birnboim and Gutfreund (here [BG II]) who
find equations similar to Ellashberg's, and actually simpler to handle
in calculation and in qualitative discussion of T, behavior throughout
the transition metals (Matthias rules). An algebraic method of calcula-
tion developed by the aforementioned was rigorously applied to three
elements and approximately to elements and alloys throughout the three
transition rows with good experimental verification,

This work was limitted to bcc metals, and to those in which there
are few electrons, so that a single energy band treatment was sufficient.
Here we extend various aspects of the theory —~— from the calculatory end
taking into account second nearest neighbors, formally treating other
cubic symmetries, and treating two new elements; and from the theoretical
point of view observing the structure of the coupled vertex equations
in the weak~coupling limit in both cubic and hexagonal symmetries. We
further obtain a closed form equation for Tc , applicable in [5 + [,
bee elements, and attempt solution in speclal cases.

The initial part of this work comprises a review of the relevant ele-
ments of the theory and of experimental results; treating classical
superconductivity, T, formulae, the transition elements, AKX theory, and
BG theory., We then develope "multi-band" theory and the théoretical
part of the work, and finally proceed to the calculations, ending up
with calculated A and Tc for Molybdenum and Tungsten. This last cal-
culation completes the study of the bcc transition elements within the
BG theory, and so we review the salient features of electronic and
phononic band structure in these elements, and their effect on T..
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