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INTRODUCTION

Chapter One
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£oe Tirst 1dea Tor explaining the tragsport phenonzns
L neTaL8s was glven by weper (1475). He imagined the aclezule
2Ua zesel Go coneist cf & aucber of electically chagrie)
varcicles in relative woticn t¢ one zacther and tnst each
—oiecule 18 not completely steble so thabt frowm tive o bHios
cne o owore particles would legve the moleculs 2al ove
nurcusn vne nebtal until they sre captured by ansther molecule
and cace ucre ejected to contlaue their journey through tho
wetel,  Toils attempt did not really, give any risid ex-

clagsticn of the trsaosport phenomense uatil the discover

[

Gue electron by J.J. Thowson in 18¢7. This discovery
presented, s beuvter foundaiion to every attempt in this
ciwi@ to bulid up the wechsuisa of metzallic conducticn.
cie o rirst contribution wes wede by Rieche in 1868, and
was socu superceded by Drude io 1400,

accurding to Lrude's tueory, in a metsl shere are Trac
oleiYon rorwing e Wiad of YElectreon Gas'"., DJhece electrons

LEVe soo2verafe velcclty sand nursus rsndorn motings
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L. Lwo#i IuBt. As ea electric field € 1s imposed, She
~STI0D T Tne electrons are ns lonser entirsly rentopn and
an wlectric current will te set up in the directican of

the civetric field.,
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Drude obtained formulse fcr the electrical aand thermsl
conductivities, but his results are far to give any ex-
olacatica oI koowa experimental results. The Dest resuls

Lt sis Ghsory 18 that it gave a thecoretical explacatica of
tus eupirical law discovered by iedmenn aand Frsnz in 1553,
nacely taost the ratio of the electrical and thermal coco-
iuctivities at a given temperature is the sace for all

:, 2ad inagreenment with Lorentz (1872) rule that the

. eidusan~Franz ratic is proporticnsl to the absclute
Teuperaiture.

4 prest disadvantage of Drude's theory, which lead to
its faiiure, is that it wakes the concentrztion u of the
free =lectrons varies as T'%s snd it is very difficult to
see how the number of free elescurcoae could decrease with
incressing temperature. It wae left to Lorentz (19C5) o

reinvestigete the problew usins the full statisticsl tnesr?

Gerivsd ©v waxwell eud Beltzunzon whieb zive the distributicc
rugssicn £.(B) of thne free elsctroas as
e
5
o S NG e T f1eT B ~
£ (5 = alm/2w ko)< exp(-E/x1), (1.1

0
snerc m is the wsss of the elsctron, k Beltzmann's constant

5 tune number of free eiectrons per unit volume.

[ X

n

o

Lorentz solved the Boltzmann equstion (see chapter II)

by ascuuing a relaxation Uiue.
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T = (1f, (1.2)

mere 7 is the veloeity of the clectron, M and ¢ are two

sonstents to be adjusted according to expserimental dats.
fgs-ite oif the fact Ghat with thece two—paraneters.

Loreunz vueory ie so auch sigplified, detailed cocaparison
“it: experirent has shown serlous deviations frow experinen-
tal 4:<ta. 1he zost serious objection to this thaeiry is

cast it reads te the assuupticn that each atom in toe s21id
2111 ive approximately one scluctroun to the "Hlectron Gas".
‘we soccific heat Tor such s solid (ica-electron coublunstion)
“i11 pe & caleories/deg./wol. in coatradiction with the 1av

of L.long aad Petit.

“he application of wvhe Lrude-Lorentsz cheory to all
saznetic and thermel effects lea2d to = few apparent.successes
coupied with a large number of failures and the subject
cecams s very confused one, 2s is well explained by the

report o the Selvay Conferszace held in 1%23. o resl

P

sivance was made uatil uvhe birth of Pauli's (1C25) exclusicn

priacicle, asd the gew for. of statistical wechsnics derived

m

igde cadsatly by Fermi and Dirac ini1¢25., 4ccordaiag to ol

Jepri-Dirsc Statistics, the new form of the distributicn

Tunetico I {n) is given by

(@) = 1/ [exn(E- §)/0T + 1, a.s

i
C
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vnicn in the liwmlt of low particle deusities will reduce e
thne .miwellian forms iandicsted by ecuation (1.1).
cocn asfterwards, Sommerfeld (1%2c) presented his
~rwel in which he imagined = nmetal to c¢onsist of 2 number

T elsctrons, without mutual attraection, woving 1a a region

]

»1 constent negative potentisl energy (- ). The nuuber
S Iree &lectrons per unit volume and the pobfentl:l enersy
(~.) swrg treated as paraneters. The moticon of these freog

~lectrnas is goveraned by Schrodinger etuation

e

v2~+, + Szaf (E + ;I“)\P: 0

and oy cerbain boundary conditions.
sue wuost iuportant festure of Soummerfeld's thaory, is
tnat iv outs forward a new coacept conceraing btins coaducticn

clectrons., It statee that not all free electroans, vut tihcsa
AL,

C1eCTr. 16. For the Ferwl distributicn (1.3) this ranss is
J A

R

ia oo renge fo wolch 1s nct zZero, ars conduction

sunall, extsanding over a rsoge ol order kI round The ensrgy

- <
S= s G’ (1.4)

i3 <.one this line, thst Scommerfeld was able to show thnb

tne sps¢ific heat of the free elcectrons is very swmall in
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Sowunrriscn witc the specific beat of the lsttice szt norus
seoperasures and was, thus, successful to reveal cue of fo:z
caradeses cif btoe Gheory of free electrons. 4 secocad, but an
.portent adveaotege of this theory is that the theooretical
valu=s o the second-order zalvanoumsgnebtic and thermo-~
nagnetic effects coze into exccoclleabt elineument with the
2Xpericental values, whereas there was previously 2 wide
rLversence.,

she real developumeat ia tosz theory of counducticn of
solids is due to 3loch (1422), sccordiag tc whow electrons
aogve 1reely through & perfect crystal lattice withcout re-

sistanc., Conductivity becoase finite when we trile

ntc

-

zccount the irregularities in Ghe lattice structure producad
oy Uie thermel vibrations of the lattice itsell, by i1u—
~urities, streins, ... etc. Accordiag to his analysis =il
slectbrons 1o a metal are considersy as Iree electrcus pul
cot cecesssrily as conduction gclectrons. blace bhen, tre
Tiheory o1 glecuronic counducticn in sclids hes drewn the

B PR oy . mrrm S o A p o S s
sttention of 5 large nuamber of taoysists 2nd methematiciaas,

crisl sumcary of the matheuevicel treatueant of the proolsi.
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sowsviuee called the transport edquation, which is an
integro—differential equation =znu way be tur @cd to an
integral egusticon of the velocity distribution (see chapter
o “oc Lirst attewmpt for the sclution of tsis etuaticn

was given by wilson (18%5, 1¢57) for tune simplest model in

vaie,. wliectrons are assumed o¢ Lo quasi Iree, dieg solutiocn,

-~

which was net satisfactory =md geacrally vaiid, was oblaiae

('\

Tor t.e Gwo reletively bhigh (I3» &) sad low (T <KQD) ranges
1 teoperatures (see wilsoun, 1953; chapters VIII and IX).
Ine cas. of an impure metal, abt very low tesirpergtures, was

zlsc treated by wWilsom (19537) and Dube (1%33) usiag =

&
zzobod of successive spproxiwmetions which smouuts to an
cxpaasion ir desceadlng powers of the residusl resistsuce
buat She high order terms becoms very couplicsated and the
wetinod caanot be applied to the case of an ideally purc
setal,

L0 Tar the Boltzmauun eguatlicn, in the shisence o =

field, hed resisted 2u); correct sclutl o in HToe

Jgasl zgnse. Lore ccouplicacicos ars to be sxpected in fac
23ne o The galvanoaagnetlc and Gherwomagnetic ¢flfects is

Jae Uo Scomerfeld (1931). In his work, which 1s 2o extensis

ta ails non-masnetic conductilon sffects, ne coasiscered stk
= b ]
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Siuplest pessible cese in woich slectrons ars agsuned to oo

'y
;_.

wuasi rree and the energy surfaces to be spnericsl. Furtn:
Jdevelopunials, but along the szus line, were done b
ootierTeld snd Bethe (1933), 3oreluis (1935), weissner
W19223, Joaes (1935), 4ri g (1938} and Gruneisco and
arfling (193%), Accordlnb te these oalcﬁlatioas, tho fre:

@icclron socel is incapable Lo account for tna

rzelstance effects, and more conplicated encrgy surfaces
are necded for further discussions.

3]

{2 obtain non-zero nagnetic effects, “ileon and

¢

bondteluer (1947) and Sondhoiger (1948) prescated a model
in woich Ghey assuned two Overleappring energy bands, an

S5-bznd contsining some conduction elsctrons and s d-bsnd
contsining some uncccupied levels. In each band the energy
1s assuusd to be proportionasl to the sg¢uare of the wave-
vector, l.e. sphericel enersy surfsces. Using this amcdea:

wnlch Is considersd artificial, they coboined Gon=23ro

ui-bc‘LI.Lu‘_Lc.L valuss

I5e sethods of Solution, e f=r ussd, sre aoderlined
wses Toe name "Successive Approximations®, They devpend
“B5LULY Upcn tue propertiss of sha treasport eousticn as

Tei3ted o tsupersture and tne mean frec patos of the
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vlecilrons belng scattered by different scattering wccheonisms,
Jne Tirst uethod eépplicable, in principle, to thz whele
Usip.racure range was given by Xroll (1¢33a, b & 1638,
in wnlceh She integral equation is trasesformed ianto an
inticibe set of linear eQueticns and 2 sslution nsiag
1afinite deteruinants was obsained.

Lhe uwost powerful method for the solution of thess

eGuaticas is tue Variastional ksvhod.

ug

&)

The Tirst attewpt in thst direction was carried
oy Aohler (1943, 194¢). In his trial ne expanded the dig-
tributicn fuanction (see ed. 2.5.,1) as g power scries, tnes
coefTicients of which sare determined by the variationsal
priucipic (detsils are given in Chapter I1). He succeeded
to obtain explicit apprexinasions of the lowsst ordar and
4ls results Jead to eXpressions for the electrical ang
therunsl conductivities identical with the interpclation

Loruulae previously obteined 0y ilson (1937) for - TUTS

Gurther developuments - f Kooler's method wes siven by
czeds cal Toys (1949); Tueds sad Yonamota (194€): Sondneimer
an. llson (1949) =ud by Soadheimer (1950). The latter
coupleted the work for s degenerate electron g£as =zad obbtzincg

Ioruulse for the conductivitics and Uhermoelectric power as
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I2tios of two infinite decervinants., Thus exack cXpressionsg
vEild 1or sll temperatures arc obtained for the transport
Coetliicients which may ve calculated to any degre. ot
spproxivetion required. Zohn (1652) forwulated z variations:

priacipie for periocdic lattice in terus of the crystal

J._l
ks

L

6)
P
C
-
m
l...J
}_J
]

one of dhe unit cells esnd used the Bloch boundary

o

. ) T . C o
icas8, His forwation led subsaguently to the variaticn
i

<t

ondi

&

iateraction method for Solving crystal problens. Further
eXtension wae wmade by Heanna (7%57) and Dora (1957) to include
tioe phonon-drag effect.

15 is the purpose of tue Fresent thesis to discuss
tho rcle of the variationasl theory in studying treasport
phenorcns in electronic conductors. 4 complebe revies of
the cxistiang theories which concider the problea in presence
of an electric rfield oaly, has led to a2 gensral trecataent
oI the problen when = magaetic ficld together with the
clectrlce field arz both present,

w4 cnapber two we exanined nnd Te-loraulatsd the
<¥ist.oug theories for the case of 80 cicetric ficld usiog
Louern analysis. The results obtzined for the zerc-order
approxiaation are exactly similar to those obtained before
by Sondneimer (150},  4s = mstier of fact gur formalisa hes

f2lped dan the further developzent of bthe theory to incluie
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