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<hs scatiterinzg of €leetrong by ontlezl mod-y 2t
FLoiozns is eonsidsred for when ~n€ snergy of phonons
1s asmamed to dlverge from the asazal assuzriion h 1/0,

the frequeney )jop a5sumed to Tellow a dispereiaon .law
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In chepter one 3ive 2 srort gurvey of =211
ZisTing tnsorles ang the usual azrroximetisnsg used o

coly: the 30ltzmany €quations for slzetrong,
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eleesriz " 57" and thermal "I M aonduetivitics are
calculated and a proper fornuls far ths thermosicetrie
powe CS; i1s deduced. The regults so- abtained for ¢
and (o are compared with their eorresponding values 6

and (5, deduced assuming Vg = Vo

In chapter four we constriet th:s Boltzuann
equations in the presence of z magnetie £ield and solve
then in a2 way similar to that of chaptzr $Sarec. The
regaltg of O and X when comifared with those obtained
before ars zltered in a ratio sizilar %o that of cha-tzx

three,

W¥e econclude that mor: ziail=ss ol the affzet of
the Phonon snsrgy stsetrus on trnes glsetron eondactivizizg,

porticilarly in i optic rmnaso, arc nicessary, o rovial
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INTRODUCTION

S o . e ot s

The s0lid with which e shall be concerned is that
material which hove g erystalline structure, Such a struc-
ture is described inierms o7 g girgle periodic lattice, ma

with a group of ztoms ettached to each latiice point,

Solids zre usuaily divided, aceording to its con-
ductivity either electriecel or thermal, inte two distines
categories, Those of nigh conduciivity =né knovm as metzlg

amd those 2f no conduetivit:: and clagsiTied urier =he Term

[y
i1

irsuletcre, JondueTtivity of mevats is aTlirituites g
crarge or <nergy carriec wrich zre the Tree €lecTrons A
talrd type of solids :s TErmed semi-cirductars -4 Zie

aecording to its conduetivicy, =iiya-

3 ha -~ =T YL A N - " . < -
insuletcrs, L8Sentlae 1y ther zra fecoTo 2rs, Lut oowe itg
eoncuci-vity fo the presencs a- MET=Llle ImpuriTty grems

whieh rnelp in traensforning <he so2<ig Irom ine seceord cgre-
3Cry To its positicn close -- tre rIra+ crrTeger., e
tore these metgllie inmpurities zre presen: 1re nore we

—av g

18t closer tc metzllic folids, Suck : pro ert. gove sem:i-
3 &

o

in-

onductors an importar- rrlarccter and nos been arpliie

ensively,



Now - deys, transport properties in aifferent iypes
of solids are understocd if we sccept the bzmnd Theory of
aolids based upon the early work of "Hormig" and "Penny"
(1925) and its extension to semi-conductors given Ty
myilgon" (1636)., According ic this theory if we put diffe-
rent values of electronic energy “E" varying from - @ o

+ OO0 4n Shrodinger wave egquation we find that eigenfuret-~

" which is the s0-

iors srise only for certszin ranges of ",
called energy bands gnd that these intervales are seporated
from each other by intervels in wnich no eigzen-functions

Within each allowed the

are posgsaibhle,

independent eigen-functions cexn be

energy interval,

specifiied by the wave

vector I . But since the number of sliowed ¥ - vazlues 1s

verv lorge, it is poesitls To tTewt I zeg = coutinucus Ve -

abvle, Thuas vithin ecch tznd of energ; 13(5), . Lenoring

+ne erergy boné, E_{X) mor te regorief o5 o CONTLINCUS

Tuncticn of vnicn e periodde Inm .. il nEés =oximam md

£ Tor cetsniled diseuseicne ol The ting toascry 338 i_scn
(1¢83) and or Iimain CL1ET7EY,



2inimum volues either withiz or orn thez boundery of the
Tirst zone. The czlculztions of the form of 1the energy
tends ir zetucl solids zre extremely complicated, but the

sinmplest way in which tiis com e do.e is by taking the

dependence of the energ on II to te expressed ir The fom

of "Izylor expenmsion', Ihe so-ottzired ezpression in the

simplest peossitle cass, vhere the gecond ordar Jo=ivat i

T 2a32r reduces to o scalaTy, 223 the form,

W
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= = - m—mmm e o (1=
IS o) - E
- Pagory

wrere o lc the minimus erergy in the Toznl, ond o is *he

eZFective mnss,
- . X e
e somo oelfect iz zroluced ti gcomsilsring the
T e 2 b N - - R —— - - -
veriedicivty Im V.or) orcdéuced Uoothe sTotic ol orest) ione

Wit Lllowen Iormis wnl Izvrillern zopz., Tre zame arloulot-
l¢ns IDiiterszcr, 10D, Iz, Ll LLE OTTIVEL 1Lt Lhe reriii
LnTUTE D tle 22lid,  DLTT O 2UuLTTly when To e oonmeoaerneld
wItl Lo oClnCEenITraotling I S lo2Irone LS L Tne ¢nEe oo

Tor sur present Lurpose X studpying tle transport affects

o seLl-conliuctors,

sl



Ltoms (dons) cited =t the lottice points ore subjeet
te mutually interacting “oreces whieh hold the solia together,
In the presence of & temperaturs gradient, these =ztoms are
set into vibrotionzl motioen coout its positions of equilib-
rium. ©The motion of each aton (ion) aifects the motion of
all other atoms (iozs), and +e are tren concerned, not with
individuel vibrations of the atone (ions) but with txe col--
lective vibrations o the vhole cgsenbly, These collective
vibfations take the Torm of displ-ooement WaVes spreciing
throughout the whele volume of trhe solid, Ihe resuler Torm
°f the space lottice ig reilected en the normcl modeg of
vibrations, ecer rorzczi mode gives rice te %z simplie zarmonie
motion whieh is 2lso Periodic ir tre soms Space i consequonte

€ly has the zn~e €rfsct o cioms ir eirrespording posicicns

~ers the weve vectir o whocoo Zhgnituae Zelires tne vrnvew
—
igngth " "ol The weve Tivouen Toe Treisticrn
- - [l bl 7
X = 77 Fow = o- [ -z )
- 3 : SJ : R - 3= L e A -
=00 wWi0g2e Cirection specificg +te Sirectisnm i prorzsnTicong

the frequency w of e Vibration ang finelly = umi+ vegwem
Ei incdicating tre directiorn o+ Tle digplacement of 1w

stoms {ions),



The set of values of g beer & one-io-one COrres-
pondance with the set of I wvalues whick cre used to defin
the wave-vector of the eonduetion electron (see 1-1), Thus q
is restrieted to a get of velues equcl to the number of unit
cells in the erystel and distridbuited urniformly
Brillouin Zone {see¢ Fiz. 1l-1). DBut tie resul sbiained for
values of K cutside the Brilloulrn zone can Ze SIOW.L TO POS—
seps the same property os saze r value withix the zone, Co
each value of the wave vecTor g 3
of normal modes in general hoving diflerent Creguencies w,
Thus, the compiete set of ncormcl modes is specilied oy

w {(3) . The subscript [ ztckesarn initegrol veolies froxm
1l to 38 where "s" is the mumter of

tre particulzr sclid considered, Ihis moke:r Tih: ToTel num-

< - o - - -~ - - - - < - -
I atomsE 1n e ggTell., WS 2L LTLLTErLEN L ITeCUSLIESE
w -q\ Jpos 2 epma S e m L m T —r oA e R ~owlicdze oF
AN Ty 2L DTITLTLITLE, ARSI SRS N S5 SR A DRGSR Sy <.

e B E =

o

- —~ - - - - - - -
~he rmutusl icrces LZCTITE sTwe L L Se 2ITEZ,
[T 4 glVell Voanue 01 [, LS8 Z VLTrLeEs, T.e ISl a-

ency w. (9) veries cortinu.lly viih
[ 5
Brillouir zone =g defines ¢ tromeh of the sc-cnlled vitro-

—~

ticnal speectrwn. IThe Three Trueies oI lowest irecuency



