'
.
.
.I
.
-
M
.
.
"\
-

PO

. /ANISOTROPY OF THE ELECTRDN-PHONO!

rane

L

o

.

L]

L
.
e
~.
et

e

N o v
. .' . .
. --
« v . 4 ;.
N .
. ! ' o
N (]
LI |
[} . 1 N .
. ' '
. LR R [N
Nl ' - L] . -
. . N .
b
Ay . : .
» [
. i . .
.
. H
! '
. L )
K .
v - 1 .
' n
. . ! ' .
. '
" N hd !
1 e ‘\ . . ‘
= . il
. i -
.
o - -
.
-
¢ B
‘e ' B ~.
i . »
.
N
' ¢ !
'
1Y . B r
. . T .
. -
e . -
/ '
w .
! : ‘
' Ld
- -
- N -
. R ‘

I

LY S

I INTESACTION IN ALGMIKIUM

Ay
.
. . .
'
- -
- .
- .o .
v
.
.
f ’
.
: -
. - ot
. !
. . .
vt .
* v *
. - ' .
. - n'.
. .
- PR
- T

.
v
.
.



P
Ry

S

TN

E?FECTS OF ILH‘ISOTROPIES OF TﬁE EI.ECTRON-J’I‘OHOH

L
.

Y

._ B.y T .

"HON XIT LEUNC, B.Se. .

LY

A 'nmu

tor the Degree

; --;_nuctor of Phﬂouphy

a'-’

Hc)lul:cr Uai.vertlty

\ Hay 1976

1 .

. . ) ) . ;
Subail:ted to th.c School. of Gndual:e Studies

' IHTERACTXO‘I AH'D T}lE ?ER.‘II SURFACE 0'! ELECTRONI@

PRG{'ERTIBS 01.’ \fLUHT‘! IIJ!?

R

in Psr\r.ul. Pulﬂlmt ‘of tha Requirmnu

N

.~ e




' .SUPI’.R\'ISOP.S\ Dr D. H. Taylor; Dr. J. P. Carbotu

-scorr. Azm co:rrmrrs; Sl

nocrox ov mquom' (197!.) L - wmsrm UNIVERSLTY -
(J’hynlt;s) b e .,‘- R Ihuﬂton. Ontnrio o
'rm. z Effaét- of Andsonogien of the Flectron-?honon Intérpcr.ion aa
and the I’erni. Sut\t'ncc ‘on’ I‘.’lcctronlc Proportiea of’ Muminiun o
¥ : . X R ..

AUTHOR : ey ur Laung, n Sc.. y (mnahcr Un:lvcuil:y)

. ' a
N N w“ oo .’,
e, ' . .

»

‘nm'm os m.czs.‘ R 18 - s SN .{ L

N2 !

we- hwc udq a r.haoutical anesttgnuon ot sau af the :rdnspor:

4

propculu of Aluulnlun Our cnlcuiationa 1,1.clude fully (u) thc real
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:nnlport l.l!cl::l.lcn as ywy enten 1n the clcctricll. ruhl:ivity and .
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:' ‘I'Iu plctnﬂ thal: we luvo r.oday of a nul 1- an uumly
mzlv fm conducti.on ohcl::ons p].u: F ¥ uyntn o! Lou cores cond.mod

in a nq'um cméal httm “The -o-t I.q:ortanc proportv of t.hu

' mdou oloctrons is tMl: abuicy- to’ propnqau !ro- om cnd o! a

AP

' crnu). to- ﬂu ot.her with nuun 'nu M an ol.acu"!.c field is

mndmamfuxithmuocmmmrummmmt.'

1 -

'nuy turt!ut dontributc :o the .loct:ml\c thcml conducu,vity and the

* Hall eoo!ﬂ.ci.onu. nui,d- tho eonduct.ton oloctm thcn 13 tlu synm

-of 1on'l. Each fon is -imnud m a ;lap pomthl vtl), and mb. '

d;.-pucod only -Ltqhtly !rc- hquiu.hriu. 'rhu -nunn .can-be dncri.bod

l.p uns og ablplc Mnuuc oocuhmn rn fact, l:htdyn-.tc: oz :ho. '
., 5, , .
cryltal htuceunb.ducribduur-otlntofeoupm

oocﬂhtnm 'nn naml -odns ot vihnum ‘of the mm of hu:-r,ni.c -

oscill;su are cauoc! phq:ﬂu

mmwxmummmun:mmmms.u

3

het.i.eo 1s at m to :hu thuu. The cun&n:tim alsctrons: are

_prﬂriﬂlyMﬂntpmMWl’nnmmuacm..«Mna

mcmmcmm-mhnmuvulwtmly

upor:hac- m. ar.t:actlﬂ ilatt:n field bot -tu clso b. cubjm to an

oppo-l.nq (:mhtn) und-acr dn- ‘co th- !ncr, :hat !.n vmtnnctm .

'mthccttpomlmmeoNtuctmmmm- ﬂmnnboum .

oﬁbmmmﬂmuuﬁu&QMpubnolu
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emdncupu motmctlon.a mmmn ot eon mr.n dumn,co wake ic-
or:mlhoaneopsuul. plmvm ﬂutundoogehogoulcb
thomcl,dum I.n. l:humil uleammum puno wave (onn.
umﬁ.uku:mpumotmm&wmolumm.pm *
‘nh nhwo it hu thn cppropruu npld vriqqlu hut.do thn cor- nqi.on .
_o! f!u i.on Antxtnrq of. Buch oq.homuud plu- nvu -l.l -utﬂchm: | /
_!oz‘ d.scﬂhlnq mmumm Apamuauy squivalent B
dacripuoaht.ouk.atwphmumtoducnbommm
: :ol.octtuu and a veak. paedopotential for the Hartree field. This -
ﬁpuudopounzm tomhtion nu the qr-,t mmuq. in: um: p-:mmuoq
E__'m:ymp..ppu.d L | .
'l'h.cﬂlul htﬂammmtctfmmﬂudymla
ot dnchctmo. Mthectylul httle-uhnuﬁc oquiubriu.
1tpmmctytmmullvb1chwm“v-ﬁmcﬂouo£h
".mohcttmtmauq:hplmmmammuwotplm
m;s uaw u-mummmwummiu4 ‘3 o
P-mtmueoulrunlrmphaq m,mmamm R
'th.dlmqulnhdnnadﬂﬂoﬂltoruhfoltwmmv
.mm:huuudmommmm
"uammmxcumomwummm
‘Meot.hnohc:riul muuvtty.-nn,m ohctm pcquqaunq ‘
‘.uthmu-wtnhmtuuurmnudMLtcuﬂudth
ltlcwotplmu m-—-mum.mmum
;uﬁtyatuummhm“lmdndmmmqnui-
'mmuzmumm-w ‘lbu.lcuuusueh N

rutmmMammam.m,mmmm ‘
.mmm mia!u-uwtmunuddh cmhuly

P
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.mqi.md ln ulut. wvea wnl lan tho dlnctional niqbud photpn !uqucncv

/
t-lut udl -ndo is nl.qhm by an npproprian ohcum-phouon coq:nnq
. lu-qnqt.h tn thu tnuls, four mch !toqmney duttibut.lom wul be -

.nndnd, dcnotnd by a’ r(k.u). cl r{k.u), u;‘L

Nk.ul and uu‘!'(l:.u). The
tu-u u uuvmt to tho cah:uhuon of mass tnlunccnae and -
aup.rcandu:uuty( m ucond 1- uud l.n the calculation of ohcf.:iul.

'l:nnspox:t. propltun ind tho last txo m needad i.n tho dhcuuton of t.hc

m-dnq ouo;u _ ' S ~' co
] ¥ o

we slun nov ducri.bc !.n more a-tm. tho c?uunu of chc toll.ovinq

. chqt.n., E o . . L C
In c;npu: ‘11, we lay down the foundaticas of our ru]',n"qc'
calculations. - Section 2.1. surtg with. a’ dhculsl.on of the -
..mmu {n metals ariginally due to lltn‘i.nq (19407, Phillipe-

mﬂ ml.nnp (19593. md cah-: and Hu.n- {1961) \ml.ch proves . :o be n:y

mmzz,nmmmmm
'mudm mmuu usow‘. u-p.n-ihm

ut mulyth-d.m-vu Al.phu dnuotm (1957). After
mmmgun.nmmm :h.mfunctimot
the slectronic states by using the Haine-Ab pouaml (uu'ruon
Iﬂ)aﬂdﬁml&m-h«&rmmmﬂumuﬂmeﬂn

hthonntuacdm Mnulmhutbnhihimfmmadmu
-dﬂmmr.m“m:mvkmmnmm(—!q—mm

muy.hmza.nmmmowmmm
_-mmmumwam-mmmmmmwm Py

| 61961) and’Sham uul Ziman' (1963).

i ’dutrl.buu.on-. ‘!-'hcy dittcr from t.ha o:dl.nuy froquqcy diiu-umtionl in -

!



LT T
- e -

Chfpm IIL 'is: ui.nly mrmd v:lt:h the’ ulcnhuons o; the

azmuomx phtmou uunmuom a r(k.u). a2 Wy TP a Hk,wl, and

. .uu.r(k.ui analogous to those M:Lutd in ulm and Carbatu (1972),

,m lnd CAthot.t. (1972. 1971). Thllo dnumu?u uhlch Are
' !nqmcy d.ltr.ri.huuom nﬁyhud by apptop:hu o,loct.rqn-phonou strchhn.

conmtl.oq all of r.l'n Lntou-um on the plm: t.lu oloctrann ,and the

olocuon-phcum Lnuucu.on nudqd to cqu:nuu the t.xmpotr. prpp-ruu. '
2 -

Por example, G r(k.m qlvn the th scattering times as :hay enter

the ol.ctrlcal :uhtivtty. SQct!.:m 3 2 dagls wl.th the nthod of

cncuhuon. and in Section J 3; ndi.-ml the hmlu o) the

calculluonl in co-pnrim with the (ono-onl) S~OPW rcnulu. In detail, .
di:cnsl f ”

e tho -tnqﬂutims tlu:- u'i.u in th. un tr.q\nncy region whan

as-ovlhu'dmthcdutribuuontmtim hnlsoducuuthc

pr.scripluon .tuqquud by Ancu and Cohu: (1910) to correct this probl.u

/-
%0 as to obtain quau.uttnly eomct bchnviou.r ¢g1wf !roqucnci.u.' Thise

-umnmmmrummm .

I.u m IV. we calculate thqdl.mt.toml chctron mass
m: Al ﬂh uﬁnctl.onal qap tucuou At and r.ho -upcrconducunq
:nnslu.on tqtramrc of linqh-cmul. Alulnh- smm:

ulenhum have b.u: dons by svuum at al (1965a, 1965!:) for Pdb, Hg

-muwmo‘tmwmmuosﬂ forrb.nmdln. 'mol.r

agreenent vu:h experisent.is, .I.n mn.l. within 158. Allen and Cohm

(1970} using a spherical Fs, mumcm frequencies and as-ow
'uxmummxlto:.mum mun;nch-ﬁaumy

uzmmm Iiundih- (19?0). mmmmu

. t1971) eal.euuud lkj.a lmd,tuznudalnmcunly,.. Whereas Leavens

ud Carhottl (1912) and 'l'nunt;. (1972) u- musuc !orb. muut nodou

PR X




. -tpr t.hc phonons ,. mlhy (1969& usas -2-0PW uu.-lx olmu for the

| '.Ulkhpp pmcup Nmk (1912) uses a. force cm-upt nodel for the - K .
phonons, APW's for t:hc slesctron vdn!m\ct.i.ﬁm and matrix qln-mts and a ‘
l‘_ulhr.tc rS tnﬁu.- calculation for Cu. He cbtatnnd quantitative
iqn-_ca,: \rl.th the urgn_' anuot.r_qiiu over tho rSs 13_‘ the electron
utqgini dus to the phonons. Tomlinson 11972; 1973) used'a -mm -
approach {n calculations for zmc; Our calculation is, th?ul, very close
to that of Nowak and Tomlinson mcp: we and Tomlinson use OPW's inlt.;d_
of APW's. 1In Soct.ion 4.1, ve cllcuhﬁ annd,tum t.hc hnlnqttb_ﬁial
compéring them u‘:- the S~0PW ala;u:u;a-.—-n; also _compare our r-uulu'
vil:h ,those obtu.nod 4in previous calculations. Section 4.2 contains
cllcuhuouotuadincuonummqapsmdadhcuuonm their -
aqhou'opm. ruuuy. in SQct.l.on 4.3. the critical mrcooducunq - o
‘tamparsture for pure Al is Fosputed and compared with experiment. "

. In cupu: v, ve m transport propertfes in nmm‘n.  The
'p.lm..l"ulq votl: vas m by Bloch (1928) and w by Ba:doon (1917)
utaq A Debys theory and !rcc ohctrans unyu (1960) incl.ud-d the
details of tl'n‘phana: spectrum in his calcuht.lm ia the alkali uuh).

A Sorn-von ﬁr-inr-od; and ¥ spherical FS were used. The next
significant calculation was due to Ziman and Collins (1961} Qp;oytiaq a
' modified Dsbys n;.ct:h- and a “twelve-cone” wpdel for ‘the electrons.
. Mebuiudm-qmﬁuunmﬂ:hmt. cnmand
Xohn (1965). m.tmmmmzummm.pm.-.mu ..
: mlynh :oducrmmqmam-m mmruq. '!h-ycbmmdqoodhlqh
_tamperature results hewmm.mmlumm sericus
: d.hwt.vtth up-r.lnnr.. mmoﬁm Mn
ignoved in the nulmuﬂoul solutions to the Ilplt:-u_u squation used: '

o,
-
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by the previous authors; was pol.nud out by, Bailyn (1960). Collins and
o ! " ! o [

':hﬂn (1961) and eaphasized by Dautsch ot al. msn. Robinson and Dow -

. (1968) employed’itha. ﬂlmuqn (icatml.nql time approacn to' the
mluuon ot Q,f nou;mnn equation, hanco Mmrpo:qunq in a n.n:uul. way
ﬂu anuotxopl.n t.hnt‘. might arise tre- .M.uor-ncu Ln scutorlnq times
Over the FS. Using this spproach, Haysman nud c;msth (1972, 1973
achieved a lot of :ucccu Lh ulcnhtlnq ;hc transport prupcruu of the (
alkali l.uls In s.cuon 5.1, we dhrmu the loltmnn .quauon. and

in 5.2, th. n.luxauon time approach eo th- lol.utl.om of the lhltmnn

24 ‘

, equation. In s;ocuon S. J: n calcuhu tl‘p idnl phonon-unlud
' alectrical rooltti.vtty. we d:llcu.l the anisotropy in !:hn lcattor!.nq times & |
and find thct-.ord-tofnqnit:udcotvnrhtlui Lntku?ormdby S
Movak usm in.Copper. We then show the results of calculations.of the
) ohct.ﬂcal npuuvity o (T) in S~OPW, vu’iat.ionﬂ. tckttaung time
approximations. . m Section 5.4, we calcilate the :hu-n resistivity '
o™ t#) ana compare u.a mumu). and scattaring time -oxuuou Section
E deals vlt.h the lull cootﬂctdnt of Muinic- in tho lov ﬂcl.q limie,
m ptrucuht ve tm-ttglu its vatlatmn with tqotltun upoctauy
l.uunhwmnm unqovbcu cxpcrimtsshovadumot sign. . .
The formlation is based on that of zimen (1961a) and Polovov and | samta
(1964} In thée alkall -uu ndnrt-qu -have: been dom«by Aldnrm '., -
and Parrell (1969). m.cuq:ud mumpne their dauout.hc LN
residual i.furl:y and phonon-drag contributions as dus to th-vari,auon
‘ ot n'la bdt mtr mu ware lmn:um:l.m-h'.e ‘Later vort by w-m
Carbotte ahoud t:lue the urutioa is a nflnucn of ‘the m-ouupiu
. in the lcatudnq timesn bnt. r.!u effect o! Lwity m:tcruq m ' 7.'
" meglected. Teuji (1356) shoved that the eipression for B, can be reduced - -

" - ‘ -t



t.p an h;uqu.t m: tho mnnq. ndu ot cumtun on tho 'rs. ‘rhis

urnd u t.lu lurunq point ot t.hp leudy on t.h- u.u cootuchnt of thc ki
“dtlate uum of Cu and Ag by oq:m. ‘and um: msu. .1969!:) . -nhy
uwpnud th-lr dau ml% bqud -xhl go obuin zonqh ut.lnﬂu

of e nt.lo of scaturrnq r.!.m at thc mdu pnd bd.l.ln on th- rs. .
Idmntly Duuqlu and mun um:u. 191m ‘used ca-b-:- usse) pa:h '
lnugnl -um o stuty the mwtidty ia umu_. _They
!ouad that r.ho rs curfaturu are the llJ.It oﬂ.ct m cxplain.!.uq thc
mht.lm of aﬂ as a !unction of :um., m .uq muuqam r.h. |
ouocuotambmamx -mmmougahmdumﬁoun u.

ducuuﬂun:hoqotcalmuuouo!mmdwmmaqtmns1.

o

In m 5.2. tn cal.fmhu "u as a !mcuon o! u-p-nt:uro ul an

Mpuns.pt-md!,nﬂumot uqexquc ulpurity scaturinq
hauotmunqauthaotlmo!:hors«bywmv anddsk

mrhumﬂnmlrsm&m:thq aumnm ot cumwn .qual
) - L
ux,, Iusoct.&)nsJ.!.Mthovgshﬂonuntmumotp-—h-”

Te

by miqan an tntm hpurit.y mtmlnq t.i.n !cr’ud: o! t.ho hoh
n;l ouctron mhcu. 5 ) m S,G hnd Sctton s s. we uudy Iﬂ(‘m

x B :
uatmctwuofq- msh;—-.-. kn.qmgﬂuuﬁoottﬂu‘
l! IR

tﬁnﬂty oqmﬂm t.t.nni for m states at th- nnqg pum and !or those.

mtnethql:mpum rotthtamanm:r;ctt' toonlythou

nummmhohmtmmmm
mlnmuunq :opu h,o!u:nlr- unmtw zm- |

mm-m. forthmtsudtyo!di‘.lmdmi(m) for it~

mmmanmeu‘ﬂmmmmw

' boeh the' fapurity and phonon scatering.. 'f"nmm-ﬁn-m'

f Mm dn t.h. di!totme eantri.hnt.!.om t:o (um -nch u mmuc'_ -;' L Qﬂ
Y :,',. o . oA ) VI




nm:uruq by vihra&inq tapurity 1ona (Koshimo 1960. hylor 1964). |
huthrm hotvun -cdl:urlnq by vi.bueinq 1m1::ug nnd host fons
(Kagan and Thernov 1966. 1971, m:u and cupu 1969) uu.-oe:opu- due
to plmon .ahturinq (m 1973) lnd ct-binod vi.th iwutity ncaturlnq

mx. and, Basinski 1967, Xohler 1946). These .ﬂ.ct- -arm m:riuu .
' ud hnrd to nparau. so e rut.ricr. onrnl.vu 0 lov wuehru to

‘ mld -oﬂ: of thau o!!.'oc;l and eonetnt:n:- ui.nly on ‘the at!.ctl dise t.o ’

 the lnllotropi.u in the lcat;tu'lnq u.u. Section 5.6 then, 'rtud.tu i *
" b-hMau: of cum for Al-llq and Al-Ag auoy- as a tmcd.on o! ]
u-p.nmn Ln :h- :ouo-mq cuw m xu:ropic mturi.nq by impurities’, Ko '_
" (11) as a mem or P, uu) as a’ !mctlon of q. (4v) as a !unctlon of . |
s._mmmwdp.qMSmmuﬂuu&cﬁuSS. -
maupmvz, lwdy:hcottcctotphmvdraqimm IR
m:ﬂamm&. Al:hwqh:hothoorymwdd-wnbyzim
' (196()) and hur oxundnd by mxyn (1&61) by :anluunq t.bo pbomm
' mu:u:l.nq. :hcu hu mf. bodn any atta-:t t.o cnleuhu thh cfhct .
qnuttnunly.n 'l:;th tln &m dhu'ihnuou %rn:.u) 'and au‘l’(k.ul.
' Hayman snd-Carbotte m'm foind they. coald correlate quauuuulv with
_ 'mﬂmtuubthnﬁmofplmm-drqothcumththmmm
-nu.u matals, uth -n l:h- lnfomuon on the rs ot u_uu_ on hand,

ve cﬂ.cuhu tho thomr h\ nmuu- 1n thu uuptpr wm vuh

i
| muzumwamm T |
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DLECTRONS IN NETALS
- ) e ¢

2a mrmmcm T e
‘ﬂu uul -m:ing point !or 'y foml d:qotyof tho electroa~
m tntcrdctiou-h :o mu dun thc toul. m for t.ln ml:-

-',c!uumn.em umc  atd of thull-k"bmm
: :hoor- (1927) u m trut the u::m eoordintu u pnrunun and

ulu::h Schrodﬁnut mtm !or the d.ctrm. . : .
oL Th*WrI'h ‘50% L 244

Eere, il'ii'--‘v hmmmmmmfumdnmdti

- . -n'u l._ ud in a luu t V(r)!!'(t.ll) 1a the. ul!-couume cryntal

_ mchlumbymdumaczdthmm ‘At po.ition {n Y.
."hnqlocuugroud muvﬂlhobuhdbylolmmmzllbw--
.':'npi-rhc {‘1’ - (ll}vlwn lldmtu the: qumm- mnm of the

1 e x:um-mm:nunmm.muhu-lm

*‘\plnomuiathhmuithluzimhuu-h--uhmdnm

:hi.r nn!uct:[m otcﬂhu due to ‘the huu-ml-lcl prbclplo. o

mﬂﬂw u“utd that’ mammihhutot
wmmﬂnmhre&dnmha-mﬂ.m

oo-alhll ortbpnuud plu- m Iom mm. ‘b' b

,0’W>. - ll} Z <¢"> k) = N ../2.1.'2

N e l‘ . . . ‘. . . .,g i ' . . .: N L. -\\‘k i . .
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| pml:hl V(x) is um.ll.y a a:tm attnc:i'n po:uzhl. !qu :

N2 Tt
v il N

L3

|phunmc!uncuoaot:h-plmminluu Icll'isl:hoq
-n.lnncl:m for the core clqctron h luu a. Phﬂ.upo and n-u—@
(195!) soted that ona can mbltimu lmluon 2 1.2 uto 2 1.1 and re-

'mt un- t.o obtain an oquu.ol similar to :h- Scl:rodiuor cquci.on

:-’,‘ _ Tds *Wﬂ')ﬁ 'Eﬂg - ,'0 o “z.'.x.a
'uhu“uuhtd:o:hntm mtinjkby. | '
‘h= 1= §<*I¢A> H) 2.0
'udl!(r)tarmud mvtt)":hmqh, . ' 4 :
W(.c) V(!)*Z(EA I:}) f"><°" o i 2.1.5

L

m "nirm-d" tucl::l.ou ,k nd pounthl ll(r) m ulld m\p{u&v—

nntuctm nnd pundopocntm. A em bcenn tqut y

'ndzl..llhn- m:mmmmttmuumu Manthe

215

‘tells us m: the ‘strength of v(_) s greatly weskened by the upuam .

mummﬁhthmm Mmblumtomamtn

‘hunlnmehhnlvugmuuz.llndmmmzll..I_
‘,mm;a[umlchuddndhumdxynommddm-loul
huuﬂ. n:huhthnludm!ott‘ndltmm tlaokand _
 W(E) sre po:f (uumm Cellf (1961), Coban snd Befne (1961)). There
:mm-ylol\cpcm:m‘d:ruduthwhultuma .
the pasudopoteitial. . Excellent revievs cen be fownd in Rerrisou's book
"\mu)mumuuucomumasm}\ Seffice it to say at

Mpnemcmmmmmmﬁummud

-u; m:nd in cu’uutim otnriuu dum nd htciec '

lh
R )
N L :

-



a, I'-J‘.

' I!nuh'(g)tobothc,om:hldut.oa-utuhnicau
qnutbﬂ-. thu loluttou o! lquuu 2.1.3 unu t.h dhpcuton -

cuvnl.knuuk. nnmuoeupynuminlmutmafﬂld

‘region knowo ase. tlu ht:t sea; u:l ics uﬂm,m -ﬂl d.tcniu the
. mt hporunr. olnetm mmdu, Lq hnn ‘aa m hnt Surfaco (?s).
"-.A eouumbln eonr.tibucimn to our hwhdp Ilu n !tct eu-t frn f.ho '
- umu of puuwpomem- to mm an os m f.s. . '
cl-ph Asberoft and cqm (1968) ‘took cu mmun of’ uuunm
' n:ua :odol!un-mnp\hndatn unherou nfmnd clleu!.ud ‘the.
| .d.ettiul m:ucy of (molten) Alusiniom. . Ashcroft and Vilkins

' ;(19‘5) cnlmh:dthpbhmm-atmu tor chctnu

cclut-ptnuru. m.:uaummmm-wm)

."pt-:hhbgin(pdhtmtmuonofmm“tmofn.

}mzu end Dynes (1967.. 1967b) have eo-bhd the knowisdge: of Jthc
'-m spectrum and the mmummm meouloc
 ting’ mm r.-pu.m.uumu :h.ud:t-nnun (s0l1d)
ﬁl.l mmmw. Datsrs and nu.u- (191?. 19738 ud the 7.S..

: umn by “Asheroft (ueaom compute path unguu over the F.8. in’
m-mm:mn -cuuu. In view of m-m-.m of thl o
pmuxmnum, va -t-n mm r.s.. touom. Astcrote's
(19630) f{teing proedm uul ‘enploy the (w pu-:hl to ducrﬂn the
“ ch:ttu-phnn hwuuu ' '



% . - . +

2‘:2 Cilculation of the .8, and -r.hi'g' lectronic wavefunctions of

Mh- has a f.e.c. cmu.l. .truel:un with nlcuc- :hru. .

mnmnrummzom(ru)mhmuumuum-zzua)

3 The 732 conu.lu :Iu sane crnm sy-trua as the iu;ur-suts call

of. th u.uct htttu space, We non, !or l:llp.'l.l. r.lul: ‘the: [100].
[010] and (o001} nu oqulnhnt dinctim by cryot;l -y—tty ui each

¥

[ q—m poi.ntl are designated by the letters U, W, K. 4 qu.uuun

:' _pcture of the oecupi.od states in Alomintum cen be obu:lud by umg the
l-oﬂl amu!-tinn. In nch an spprodut:lm thc r.S. :I.l a lphu'c ccn:-

nt st T vith radius ky. Ror uu-mm. k,' -1. 127(2'). 80 the r‘s.
m-wmmmumuummmmmmm
tu.rdms h:hrdudmnh.nnmfoﬂumuundot
m (1960) by drlvlng lpllltll with ndius i.' clln:rql a:,,othot

me and let. t:b-’mcme in61de the FEZ. Those mim ¢ontainad
muommemmrs. hhdmotc. I'or-nndouua.
refer to lurtmﬂ%é) Por Alusinimm, m iz is. u-pumy filled

mrmzz.lmurwzz.ue)mmmum:nm zonk -

m mm“uachodmfmdthmmmmunu-
Mﬂmwhm-ﬂdmuabuﬁhu'hm:hm
_ mmu of chc:toa mueu (occupid cum mu.) ﬁthuu

u a tm-uld ny-l:ry axis, -hcuu TL has :hru-fol.d -y-try. Other-

. ll-

dmthi\mo!thm h.m.mtmn-tofthdntrpn'

mmnmmmolm_muun.mwm

. : “"‘ .\-t " ::'I . - K' —
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. pncudopofential. the eéscﬂtinl nodiflcntions'introduccd in the descrip-~

tion of thc F.S. are unlhly at the 1nteraections vith the Bragg plnnep

Figurc 2.2.1(a) thous thnt the clcctron arms in a A OPH npproxinatian

_ (A-hcroft 1963n)nre eodifiad mo st draoticnlly near the point L{ uhcre

.~ /

'three q;lgx plnneu bnct. Siuilnrly £o: the hole surfncen. a11 the

sharp adges atc round cd off71
Tb obtatn a more qunntttntivc picture of thé Permi Surfnce. wve

ey
. &

-

h‘follow the procedure of Ashcroft (1963n) gp restrlct our attention “to

-) of thc sywnetry zone.. 1n Plgure 2, 2 2 ve drav the six cquivnlcnt

(68) lyunctry zones in the ponitive nctnﬁt in wave-number. space. . Ve

' choonc the G5 81 zoEe (lnbellcd I) which . 1z definad by the follouiug 1n-

L

‘equalitles -k ;o. k Bky. nnd ky;k Once the'F 5, inudeternlncd 1n'

‘ thiu acctor. it is a ninple untter to uap out the other dlrections using’

the ayt-mtry operltiona. In thc ( ) zone the electronic wuvefunctions

. vill. in gcneral‘gbe described by the a!xture ot fout plnnu vaves
'|k+c>-ﬁ-m Uk + ) - 5 where G, (0,0,0), G;= (2,0,0, €y~ (1, 11"
| and G.- (111) He are. lssuning that’ the other farther nvny conponants

producc ldtcle effect; This 1- then thc &-OPH upproxiaatton. Ve can ' .

uritl doﬂh the cigenvnluo cquntlou cortcsponding to Equntion 2 1.3,

Z; L+& 1T W(')th}C., E,tC.‘_ , i=1,2,34 '. z.z.ll
,- L ‘

. anmlna ¢,§ Z CL,,I‘*G.,) L o . 2.2.2

3' . -

L Y4 I
’In the apptoxjn-tlon of a loeal pacudopotcntial w(r),

turnn out that Equatlnu Z 2. 1 only dopcnds on the parqmetern w(c ) nnd

';' U(c ) hthcrott loqnd that the vcluel of H(Ill) -‘.0179 #yd. H(ZOO) -

.0562 tyd nnd zr o .85605 ryd fit the de naas-vnn Alphsn cxperlnental
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humyuu ummmmuhymctll 61969) pu N
| ¥(200) = 053, a5 n!: x-cay anilysis by Rooke ma) yioldod vaa) =,
.017 £.013 and’ II(IOO) - 053 2.013. lot.h’m cauht-l: mu hlu:toft'- _

. values. Il!.:h uhuo!t'l parsmeters’ we dl.m. up the' (“) m (hbd.hd
1) hm ' ﬂu mesh ot lnroti-tdy 4, ooo (0,0) dinétm at — htct-' -
vals. mblmlmuumuu:ummmoumrd

fjl_ trom the [100] axis. At each of thise. directions we let the' hutb

|»';--f &

& -Ihl h:hv::;l.umm mu,3-1.nmumm:m

" ealue for K,{8,4).ve disgoualise Equition 2.2.1 sid thus obtata the .
'walhi-lul._mnmmmurntm‘ )
| thmiﬁunh!onl;ﬁlh)uemcol'(- SSGOSnyd). py.:l_ o
- wetag staps ot 0.01- &) another valve ki(8.9) 1s obtaised eo that the |

o mwng’ lp!mmotlmwllul’ ....‘

: lgr{l; lg) Mthhh!omuuhobuhd. nuuud.l.ym

@ bisectios method:to obtats t,(o,o) vithin &a-sccaracy of 20. ooom")._. "

) '.;l!l'u!u-lcomhmum. :mm!mmhmw.- PRI
-mmum:m:muxm:m. nopmmo-so'pun
m:u- o gn r.s. m ngm z.z.s -4 this 1- u-uml to mc

Amzt obuu-r ased. oo Ca

| .nuluhumulm:ymm_kumls.hth-"_

~ _.(%!q—mm.,m:aumuymwbyumusru

- mr.s.nmcm-'mummcumw .01, (" naeq-u-g T
CLNTIIOTERRCD
e aci of m&.ooomuum (u-) soos, ;norau-' et
'!Il chnlu ont cln r.s. n u.-u V‘I'" o

S e . ‘."‘- . “ . "‘ e ". e
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- -um'ds‘ {s the alement of arss at the point k on.the 1.8.. uzmgh

| the total area of tho r.S. ln l'.h:l.l -:dcl. is; smzller than thnl: of the

free ohc:m r.S. (about aox) due to ‘the intersections with lrau?‘
phnu. the fact r-ntns that ¥, "b is —ncr at vu—iou n;i.ona near the

lnu phul In- the end ve obtain a value !o: N(o) ‘which is 91\ of
. zrumcmr,s. , I .

l.lm utht!nu of l:hc ol.ctron-phom matrix clmn vul

iavolve ou:uriu of cloctrou mou the ancire r.s. Although the

g -v.!mu.ou lor th. cloctron snm‘ma obuind in the prcvious

| u.lalhl::loa of the Parmi Su:!m as a resalt of the dhm].i.ut.ion f '
.procdur-. .
.aary to unnd r.hc ducuptm of thc dutrm to 'cnbi.nltlonn of 15

!ocl tlnt for’ l;h. clu:ron-phonon htmcti.on 1: is neces-

..phu mu in ordu' o hcp thn tull ly-ntry of :hn crynul l.nr.:icc
. This 1s rdmd m as the 15-0?9 .pprozi.-ti.on The pundoponnthl
. chat we use 1s the &m—mmm (BA) -ua pmdopomthl ubulatod
1a llrriqon __(_1966). lucnthuy i: P loca].. oc-sphuo amo::l-nuon

which fmplies W(g) = W(q). A plot of the (HA) psewdopotential is shown
rL : ‘ ey : S ’
5 . |
L
o unr-nummum-zanaz,zzbymmm
| 7 tmulsumthnnlumtmnudmmrmdc

ea-omu. 'n:ut,m lhud Inl.ov 1’ nu- 2.2.1 ,

FATA M ARV -

EALCA TR IR
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Table 2..'2 .1

The ?ouriL- Compogents at the Six Bccipro'cal Lattice Vectors :

m. . ‘1 . .2 ¢ 3. ' | 4‘ 'I\ . 5 6

c c%}a caany | (200|220 (311) (040) .1 €222)

W(C) ryd | -.0174 | .0560 ‘| .0569 |.0216 -}.0142" | .0099 -

e

The relative 'posttf.oha éf these six ét_mponenu on the pseudo~
pol’.enl:'ul are marked -on'?igutc.‘z.z.!i. ‘fhc. 15-0PY componente correspon
to the _foll&iqg ¢ ve;:tor“n:‘ '

G, = (0,0,0),- G, = (Zﬂﬁ)} ¢, = (300), G, » (020), G, = (020)

G, = (002), G, = (00), G, = QLIL)i- Gy = (111}, G,.= (1J).

o

Gy =D, Gy = AID, 6y, = A1, 6,0 = MD), Gy = dID.
Thd/nluc of k nt each‘ of the. 4 000 d:lreccionl of (8.6) :ll icd
into the set of. eignnnlue equati.ons and dhgonnnzed.‘ The coefficients
for ths lixing of the 15-0W ate stored tog,et.het wf.l:h the data on
5(8,0) ds and ¥, (8 0) on- A tape. By using the lyuutry operati.ons.,

‘thl dcuu- ot\ :hc F.S. lud the nbove elccttouic propertlu on 1: nre

. -
thus obtained through an interpolation .chue : ‘ : .

, Por- co-wutionnl convuuience. we use ca-putn:toml uniu c.u.)
T
An uhich k 1{s measured 1n uniu of (--) and em:ryy in unit? of -- (-z—u-):

Ghoo,qlng thc free eleetro? nass m, one.c.U. 13_ equnll to~.4'56 ryd.‘
. . J . M '
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Fig. 2;2.5

Mo’

The Heined&barenkov uodel pscudopoten:ial';

: w(q) a- 8 functica of Qo Ibo 'x! corres-

ponds to the poait!on of the louriet com-
“pgnanti uoed in the 15—0?" cllc qiou of .

. the coefficient: of :hc electron e~

functions
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2.3 mn.em-m Inuraction U L . et

| hthhm:tu.nchllm:hoﬁtmcumhmtbo‘
ummmu:pumums-onmmu-owamm--

wations. - In che pt.udopotulthl m-nu. the isteraction can be Hasd~

.Mvuymﬂy. AM;dmuummummsmmzmn

. (1.965) aul Cubotu nd Dynu (1968). - Very d-ply we.stats that an

.
- ahctn-at;hmu IPMthMcwmmJ.l:!luw(x-gl)."

) uhu -(;) 1s t!n pupdopotnthl of the host/ 1. ‘Bance the total h
mtuﬂu nqu.n:h o! the nloetron fru state. IP ineo |k'> h gim

(hlwml!)--l-z [ oc e ut;‘-g.; L aaa

‘hthl-m:mm-tm.& “ Hm.vuthuulwlmofthccty-
'-mm W(I)I;W(¢-g¢)hthoemu1m1 By using the

-t:rm!or-uuy-; h,lqutiou!!lqluuh:om!uton a
: mm.t m- sa:'-u) and o potutu.‘l. m-. ' | "

| a'm&)l!) S()(l’lnl!}s ,-&)(_Lj‘d;" _’um“- 9)

. R 000012|3 2
m:-—u:ot m. R -wlliu-—udi-t'-&.. npandi.ng

3 .1 .'l + nlabue thn mnmm pou:m 5;. th term 8(3) hu!- to
. knu un imlvin; t.h .utic htucc ud s ucoul ters imlvhag

. "th htuu dbuum rln eontrﬂn:iou €0’ q' III(;)IP !ro- thh '

htuzm-u.;' ' ' LT
- _a_', “-__-?5' (, ,.', ,,“ (h'lw!l)f- w.,.m)

T : o . . ..ooltz , 3

Z

‘ [T , L S
. 1
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e g meramTT—
.t

'nduulldthdnummplh‘mt.

ﬂmmmcunummmn' .. s
H' Z w.,,(u)q Gy B 233.4

m Gk.. (:t are th- uul. crucifm and mlh.luuou opcntou for
' alectrons,. Ih !urthr quoh the hu'mnu amm-ticn lnd\vﬂ.:a
"1 !.n utu o{ th. phom rmucan:tou '

B - i ' e(ga) 53( s |
.D‘ I—N ‘a (2 U(‘,A}ﬁ( _*avba.!‘) o 2.3.5

' -hu-o l! 1s tlu toai:: ms. u(l:.l) u :ho troquncy of the phonon with
' poht(ution uulu 1 - tln pohriuuon vector I{tlu 1 brmh.
N l.n pbuon cnluau and mihiht:lon opcnton. &bstimcm

-kl'

?tﬂZ!ShmmWZJSMw!mmmHtm., -~
hnpl.n. in nind - l:hr. ‘the pbnon are rutrtcud _to té- m. e obuin
u pl..eo o! !quttcn 2 3.‘ l:ln 1.1910 tuult in l:lu S-ON apptul-uon.

H Z 3*!1 Ck'ch(a-(g.ya"al-i)) - 2.3:6(&).
. ' Ch-k)- ) 1y o
- 4 (R=- b W o it
55"' . (2MN-oihtEs))s oo, BEe ~

- LIAANY Ak saaN MTIRTWIW

In mynlut I-ta.h wch as: MFMMMt
!uedmmhdcﬁ-tdyducrﬁdnlybyammcof phumu
(M'.). ﬂng is, we vm:o the (M) m ot the d.oel:mu as

e ng. l!*ﬁu) o L " . 2.3.7

'In-uqnu!(x-l) 'ﬁlt“bf ruiriu- cm'(g) nn:lapin
expand !1, as ;14-51, and: obtain |

wrf-w~-'-2e" g - “&-’h)wm e

EH , . . - : L




"!h Hxlt ut- h again due to t:hc static lattice and can be ncqlactcd,

naktnq the same subntltutionl as bofore we obtain (cftor anpli-

ficntion). ehc cquxvnlont coupllnqlcon-taﬂt

9‘*1‘ _LZ/— 4% f“-’-‘)’xfd; dﬁ (’) ’!{,) U(’)C“’

(.z w(lz-n) veeed2. 3 9

lnbcttundn; lqultuunz 3.7, thOnnqnmmion tcrlt.dnzo lqunthulz,J 9

and pctfontng the htqnl mr y yi.quo r.ho u-ul:

L -cstt'-i h)
3!-’" (mer;-a _‘
- | - L . 230

A mm vith zqucun 2.3.6 uuuxy tcnnh that the 1s-orw |

: resule (lqut!.on 2. 3. 10) bas the sams form as the s-ow result excepr S
that qr.' I-l\u the $-0PV zomn- has to-be rcphcd by the co-pu-
'cntcd n:prcosion 1n th- cuxly brlcklts of lqua:ion 2.3.10.

ﬁg Z(R’&G.-l-&)(&o&lhlb&)(},:Cg., } | ]

uummmm;mtm the m:lui.ono! many -
0!!‘- 1- eh-\dcoctipttaa.of the olnctrnn ltlt.l uill lead to some

AXRAHEL b kb d AEIF 3T § By ove

- - .1

K mmun.ly as wll as qnnti.u:inly di!hun: results from. the S-0PW

B PP
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cnw:umm OF THE WRIGHTED DISTRIBUTION FUNCTIONS
3.1 n-rmuou

M uuathl m«ﬂ:m on tln chctto-phomn huru:l.on is cf'"'

tain.d in :hc four weight-d diltributionl a P(k.ulr ui Fik,w),

ILr(k,»? and GLLP(k.ul. In this Chlptor wo vill dqtiq. thol and _

show thc l.thod of calculution. 'rhc appli.clt. on of thmle direc-
tional dt.tributidn functlon- for the calculction of the vatieus
ptoporttol will ho doql.!: v.tth ‘in !ull d.nLI in laeer nnctionl

The slnplor torlu ot thcsb diltrlbutionl {(in :ho 5-0PW approxina-

. t!.on) can be found in Leavens and Carbotu (1912) and Hayman - and \‘

Citbottae’ (1973)'. In to:-l of lntoq:lln ovor l:h. P.S. they ara

| astte fm,u - (00K f 2 Z’Smi Fr-oya) ,"_'-1-.1“

.....J.l 2
ach(!.v) - (e f ““’zwu,: 30-4) $(a-0pn)

RPN 15 % |
‘ F( 'v) (’ﬂl) /dsl Ig-‘!,.fg.! {(0-03‘:5) 3.1.4

-

ﬁ.gﬁ.lnmummma.mmmumcm ' |
" 2.3.10. Ia tlueuco! m. the mfm htqnu Ineo-unhr
Mﬂ%.lunﬂudbquutm 2.3. sm. "t-u'x*""“

)

m-,F(!v) (l‘l'ﬁj f d& Z’ﬁagal (" ﬁ) :(“"Un.a) | | o

‘CuaPTER 111 ' R

BILAUEIY AL GRIMNEN KA LRVINOW.

. - )
G Y
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phonon frequency with -a—ntu mm k-k' reduced to the nz. i.a.

’
kek' = g + G for some lul.ubh valus of c. Thase diru:l:iml !uac:!.ou

luctlh vclghtod -cattorinq processas’ of an o,loct::on .Ln atate

' IkiF 4nto all. possiblae’ final states. du- to the 1nuo:action wit‘h
. /
t.h. phonons 'rhc ttltc £unctionl express the onarqy connorva-

-‘tion.durtng th.l. scctterinq processes.

t.r .‘ . -

-
2
<
$
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-
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3.2 Mathod of Calculatton - -~ L .
-. .: e .h.n follow the method suggested ’vy Leavens and Carbotte

(1'972).. Realistic phonoas are W&td in the computation qf the

ht‘!,"‘h- Mﬂ dispersion cumonlona the symmetry directions have

'b.og lollurod by th: technique dt 1;01lltic nautron -catéerinq-by

Gilat and Nicklow (1966), and th. data fittud by neann of a least-

-guato f1t to thé Born-von Kérmén model. The nodel assumas that the

ions are held in their cqullibrinn positions by means of springs

d.acribnd by force constants. The force lpring- for each partlcula:

atom are allulcd to extend to neighbouring atoms up to a certain '}

diltancc 4and beyond that are nsauued naqliqibl- with thqsc !otce-

3

BRUEL AL AT, 3 T1RYWIW

eonltants ] {¢
. ‘ ﬂ._

dlroction due to. a unit di-pllc.aone of :h- nth

ﬂn is tho forc. on the ion at the origin in the

. ion in the B8 direc-

‘mxjon. a nnd 8 represent the x, y and z dircctionl), then, a dynami-

cal -ntrix cah be set up at any q v.ctorf

(

o

L 3
?a e’a = z mﬁfﬂ) qu ‘ - 2
m ;.B ‘are the cartesian m:-. e, the pohrmuou vector in

-SA
branch and u.v- vector q. qua(g)”is related to the force con-"
stants abby

the 15P

R,‘(c)a-LZe‘!' f"n " 3.2.2

-huu-uwunmu-m.rmmnmmmuuofm.‘“ | ,
fos. Disgomalizatign of Rquation 3.2.1 yields simaltaneously the fre-
p&em.do-xzs)ummwmumm._lr- |
.,_' . mummemfmmmwtg),ummu‘

/

. L
oo P * . - R
. N . . ' wo
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that of um and Ahannkov uw) ubuhud in n.rmm (1966) for g v

Intvua sero sod IOk;‘ where kr ia tho free doetron Yerni radius. In
‘ order to obtain a -opthcr function thtoush thu data poinu. tha: rmo
10} 1e divided 1ato five oqul sections and each ia fittad wich a 10t
dogru polyno-ul luth thh m!omu.on r.h. u-r;lu.l i.nugul of the
directional dhtrihuttou can be cmluua in -crughuonma vay.
The rangs of fr.qumch- 0 €V<w 1is dtvldql into 100 chnnnun ucl;
of vuthuc/mb. w, being the -ng— phonon frequency 1n AL (= 10.
cpe.). The m!qc. of the l’hrc u divided l.nto 90 x 1&0 -
16,200 -.11 aress whose eoncrihutimu to the density of lt‘.at.n are .
~ cilculated ms«:umzz. Mm-anomwbydlmmupthn :
Farmi aphuo by ninccyunn ot lacitude, 180 1ines of longitude 211 at
2° apart. An fafrtalcpoint (£,0,4) 1s selected inside one of these
smsll sress, then a systeatic vay s set up uo'. scan through esach of
 thess 16,200 poincs hbcl.hd by (k’, 0‘.0')'.‘ i'." boiu°th. liugl:h of the
-v. ncm k' ln dt.r.et:lu defined by (0' 0'). The l.lngth k'-k “Q1is
e.llulnud. q Mns thn mtu wave vector of -the pbodon hwlvod.
Qh!dtuulqm:i.ou)lludmdhmlmmmm-mmw
nlu.-o!u!l.ﬂl-bcoqummmznq: :ouunz
) Mmmwlum:lch!orok k'n’ !or ‘k' are
'r-ul 1o ‘snd !or esch of the. 15 x 15 = 225 tu‘-vhich nakc up. qkk'l'
G-k’-c -k+c - {n zquation z 3 10 is calcnla:od rzo- the fir-:
vnlno of G, w(G) Lu determined and thcu added to t:fu ncx: term
htharlybruhthlqu:h!!lﬂ. Afut(‘t.lhuluhtd.

r

can twrn to utuhu the ol:hr mtuu.l.'uoht factors in. :hn mtou

]

-

-

a ‘w
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iumfhum. nnuy 1 - J‘I}- g (k-k'j ed glg vhich ceuse'no L

tmhhuaumw:thtouhmahaiad:htshnpbmnrhbh._ |
m.umthmﬂumrﬂwotthﬁhm orcitiludin.f.-'._"'f.

-quun; Zquation 3.1 Y and 314,
R

rtinlu co-l oat s a h:lseo;ru tuucl:uLn ot v, For ‘normal-

m:tumusndntihth!m:m B T
Ny, $) = (u’ﬁ)" ds“ ZF(:-P“) ooz b

qu n cuahu l(v. .0) um:hu- vir.h tho abm I[nncttm u;i.n_i't:ho-_ -

mmcy of the delts !uncuon v obuu. '_ S .- - ‘

[ oo

jdu Nood) =3N0) . L.

‘!hu. lli m 111 eh- mtr(hctlou t:o l(v 0.0) .:ln the. coqmt!u.- progu..

‘ !h-ohctraninluto (k, .0) huo,r‘ dmlcl* dus to the
Mnmmhmpmmm,muuvublmmmmm
mo) ' L
- m (N)= "”s(H-)(OH) ; j sl T
M‘bhﬂhfn‘mnﬂ ERTRTE

ANGHEL Ad1iLNIRN MBISYWIN

PN PR
‘6:4_ . - -

‘o

S A(O,M ':' f i ’F(A n)”{ SEERE B 2.6 =
Inluum ol 1(0.0) cu 50 ﬂ-ﬂy Jom b; w::.n; it u:h :hc
ulcu.huu o! a’r(k.v) in - oMus -y A e S : i N

!
’

.."-', m mum ot thfocvc:l.qhtnd diltrlbntionn were poftoraed
. c. th !.:II: ﬂoo eupuur nt M Unimsuy.ud i.l: s !odnd t.lat
for: mmm uq.emn (0.0) A¢ would uka shout 1200 saconds -
!ntheduhtmd tlu tmmw llnu it. hamut
l thtnhnum:ﬂc:m:ulmuaemm--ho!duoc:m tu '

.F:
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:In(u-) m,mvhlchhuﬂnmth.u!ﬁcin yﬁucob-
.bh to uu a simple htu'pohunn -och-. rm.- l:hnc wmu- ve decided . .

. o 62 dir.cum mc or less cnaly dhcribuud onr, th- (“) zone.
' They are och-t!.eluy lhoun in rtgun J 2 1. % nd Ss are ‘hole sar- -

- !amuh:l.hs cuds ucthodoctronam mnn-triulordcrlnd
- unnuuurmmu of l:huc diucu.ou are. und in the ﬂ.nttnd
’ omndcftl_ilnhthZI. mzh:l.rdcol.—lhouthultngthcof

" the !'ml. vectors k(ﬂ.O) and the fourth column the -sn.tmdo of the.

', . equare of the n).oeuy vk'

Inuml.- mr the.?.S. 1nvo1v:l.n; thcn diroczioul. dutributimu
ars to be pcrtcn-d in. tho hm secticus. rh-y can bc vrittcn in the”

| u-unl !m. dS' S o a

— g(-,n - - © 3.2,
Mu '(h"!») npnunu .o-. !unct:l.on defined over r.hl !'.8. Th- cal- *
enhud of '(k"'t) usually pom 0o grut emm:m mcp: Ln the
cuc ulun ’(k'!.k) u uhud to the' nilhﬂl !rquncy fm:tou vhich -

are only d.ﬂ.nul at r.hu 62 dh’octim in the (“) tmcr.ry m

CAMMUBIN MLREHRAIEN I LRYRIW

The probh- is ten to Hnd uiubloui;h:!acmu l'k at th-
'cz points such that mzm ai2. 7 can be replaced. by's la-nrical s,
> 4§ Z lg-—- g(’l,.i’s,} 328
mmthmfut-éwmﬁz‘ktcm mmmuum
r.ty tlceu‘ tor convorcing to. r.ha uhola r.8. ‘_
luunl ot [y lugh otdu: inurphcm of the mtnu functions
:.-,(g,!s)mmuzoopmuenmrmk:&u.unu:h-:.m.‘ | i
the 62 diréctions ars q-m -mny dhu'lbuud. we mey be able to obmn | : J B
mwdtmltsbymjutuummuchnnhm | |
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One ndvaru:age of mch a schme bccomq apparant when we note from

s

-P.quntion 3, 2 8 t'hat. I:hc set of nunbeu 1 —v—- is then independent of the
‘ . e .E. '

tunction g(k v ) . .

| . ds '

To calculate 11 V.’ we ainply nor.c thc dinunce of each au:rfacc
k

'-elc-cu: dsl fron thq nclghbouring 62 dirc;:lona on the F S. and we aaaign

ds

the app:oprute vcight to Th lccordlng to t’he linear 1ute.reolation

i
“scheme. - The fifth colu-n in 'rable 3.2.1 shows cha remlu of “such
ulculationa. : . S f _
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SRR 7.;13. 3‘2.2,;,1ﬁ¢9gq;cﬁla:ea}d?tgg;w){éﬂdffté.ﬁil?rcqugﬁcy
AT Uvetghited dtstributiphs fn the 15-6PW approxi-
. B . . r- . i "\'._ . P ) Ce P ".. . .
- - ~ . - . matiom. - S

eabes | _,'P(g,g) Ve

| thii
Yoo (e) = (1) ¢ = 23078 = 1§7,19%,21°,31°,49°

(1) - (m) ¢ =dstc 0w 13%17°,23°,31%,5°

(@)% R1t 07 m 10,210,290 045°

e . S 4

g Lo
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As"seen ftou !qution 5. & 12, the l:homl mt:cring the iovolves not

' just the a, l'(t,u) functi.on but aho the a’?(k.u) The a®F(k,w) functions

are posiuvoly dcfin:lte uhi.lo a. F(k.w) uy hnve negatlve regions. (tefer '

to liguro 3. J 6)._ Ut hl.ve co-putad tha l:heml mttering times as a
function of tupontuu In:nen 10‘! and 300'!. Those are tubulated in
Tai:ie S.—i .1. ‘In, l’ignu s, & 1 e plot I:hu dong the princ:lpal planes
deﬂn«l br 0 - 1‘ 23’ . 45' '.: t}h tupon:uru 20‘:. 50°K and IOD'K
The tnisotrop:lu aro sinihr to thou in the olectriul mttering times
t(k,‘l'), 'l‘lu anhotropun at lov tuperatutu. uy 20'!. are not as -

. hrgo u thu: in t(k,'l'), uryin; by a uctor of . Iu. M: high ce-peu:ures
the nnioo:ropiu uo -pin uuhul out, I: is mth nol::[ng that the

!
ordor ot ngnitodo o! tth(k,'r) at high :apcnl:utu {8 of l:ho sane order

: of npl:udo O.O'I“Me) nu 'I'Ot,ﬂ but at: l.ow :uparntoro they are mllor -

_ 00'“-«:) mxd to t(k 1) ao-“m - 10"“.«:) -nu. s ni.nly due
to :ln um lutoro 1n 5.&.12 ulr.u:h are rduod :o tha llightly nore .

i .

; leua:d trm mo(mtiou doﬂne& ln nqultion S.h.K. Ic states.

.bol: aln oo tho ut:lo of nﬁ:u.ablo
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e e e
m of uu ahet.ron to t:h. c-pcncuu, nnuy the !utor (cl-c’)l'r.
onco r.hn thnnnl mtuﬁu u.-u T l'(i:.'l') are mtd tlun 1e - u '
. -muh:!otnnl ntur co wu the :hnll. n-istivitiu m accor=
dance with the ui-lutmx nlueun for w, (T) (-p,"") zqu:m 5.4.6,and
the nl.muon (mcmm) tine -oxumn for v, (T) c-psc"‘) Equation
s.&.u. mwu are. u-ca m 'hbl,c 5.4.2. lxpcrhuul resules
| obumd tru Cook ct al. (npublhlnd) are nlnuud 1a thy third column.
h-‘ rtpu 5 6 2 we puunt l:!nu romlu on l.i-log ;_raglu..- The vgrhh
" tional oohdn amn u !ouul to lﬁ.‘ above the' mr.urtng time solution
_lt hn t-ponmru vhn. nbon 50‘! :hny are ahou Mm:iul Coupared
te m:. tll-y uh abon l:ln mimul data at lw l:-pcra:urcs .
. lul tlnn hlov. crudn. at. 'r 120‘!. The dhctcpmm are quitc
. 'hrp M only gu-.uu:in asru-nt 1s cbuin-! h-e- their study on
‘ the dhn -uu. Ily-n and Cu:‘botu (1972) found uh:l.ur dilcrmnciu.
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§ (3 1s bcuﬂ-l Chll: t.ho duerqnaciu atiu hcuu of the c:udmn ot .
.th u-hl mctmuod .k uuch 1.. uud in th- solution of the Bolt:-m
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equation, llnr. equzatld trhl mfuu:t:l.m. have’ boon sugqe-t-d by several ~
suthors, p-ru.cnluly by’ lk.la asm. c-mmu ni.ns nore co-pli-

eated’ fem OI t!n ttm mm ‘were mot don. bcrc. ' Dixt‘uions
»umuﬁt“mmwmuvum‘tbm:mmh - : "
(’m‘nhtuuo!nmlndﬁm”prmmhfmdh L
‘h‘c!ll-bﬂ' llﬂ Bkin {1911) u !'buuh- llll an ull Oook (1972)
'lli_l,lljh. 'lhhuru:d ndcr huhduufcrto:hdrmk.
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Table 5.471"

0

Relaxstion Times ‘rr'h(l_t.‘r) in lncn‘

¥o, ,
-1 T.= 20°K T = 50°K T = 100°%
v . .
3.31 x. 10717 1.34 x' 107 3.37 x 10"
2,89.x 10782 | - 1,29.x 1073 ©3.28 x 10™!*
. 2,03 x 10™12 ©11.18 x 10782 $.13 x 10!
26. 1.61 x 10-12 1.02 x 1073} 2.47 x 107}*
27 . 2,07 x'10°%% . 1,03 x 10”12 .2.49 x 1071°
28 2.51 x-107%2 1.16 x 107!? 2,83 x 107" "\
29 . -2.84 x 107'2 1.30 x 10~¥? 3.15'x 107" \
30 "3.12 x 107 1,35 x 10712 3.23 x 107!'™
31 3.12 x 10-42 . 1.37 x 107! 3.29 x 107"
- 23° | Te 20k T = 50°% T.= 100°K
1° 3.31 x 10712 1.3 x 10} 3,37 x 107
6 . 2.85 x'10712 '1.29 x 10712 " 3.27x 107
T © 2,26 x 10™t2 '1.20 x 107!} 3.06 x 107",
17 1.69 x 10712 1.30-% 10~%? 3.65 x 107!
18 1.57 x 10732 1.33 x 1p-)° 3.76 x 10°'*
19  1.58 x 1072 1.50 x 1071} . 4.25 x 1071*
48 2.25 x 10~12 1.14 x 10~'3 2.70 x 1073
62 309 x 1071% ' 1.16 x 1074 2.66 x 10" ,
49 3.96 x 10~'? 1.32 x 10°7? 3.02 x 10-!'* -
.50 6.39 x 102 - 1.55 x 1072} . 3,38 3 1070
51 - 6.87 % 107'2 © 1.60 x 1077 3.47 x 107
= 45° T = 20°x T - 50°K T = 100°K
1 3.31 X107 1.3 x 1071 3.37 x 10"
10 2.80x.107427 7. 1.28 x 107} 3:26 x 1071% 3
11 2.52 x 10‘“ 1.27.x 10‘" * 3.15 x 107*
3 - 1.84 x 10"' o _1‘31 x 10742 3.66 x 107"
24 1. ss:zo- '~ N % I U 3.72 x 10™'*
25  1.66 x 10" .l 1083 % 10-“ . 4.35 x 0™
, 31 2.26 x:107'% 1,25 x 1071 - 2.93.x 107 )
T 58 :l.m x 10-12 1.3l x 10-' . 3,04 x 107" .
59 4,28 x. m""— L.43.x 10" 3,23 .x 107 3
50 “7:37x 1 1T x 107 - 3.66 x 107!* .
6l .zz x url" \‘ - 79 :~10- 3.82 x 107"

! I ,’.“ =
i . “ Yo . . N




’ n RS .
» |
I Ve
i
J o o ) )
-‘ b
1 & ~
. .‘__'l . .
. a . . ¥
/ : .
. < ) P ,
h - ‘ -
0 . ¥ F.] . )
. L
b s - .- . . _O’J
Fig. 5.4.1 The variation of the thermal scattering time
. th L ) ) . .
T of electronic states on the FS as a *
] f function of @ in“the (-:—&-). zone
(8) T = 20°K ' , . ,
M) T =so'k . .- ra
.. _ e T =00 B
- _"’—.— ¢= 1° .
o x—x= @ = 23° T ‘
. mo=0~ ¢ = 45"
’ . ' ~
( . . ) : .~ - -
) . g
\ ¢ '






- Table 5.4.7
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T hatma ’1"{,,5'.;_.,1.':'“1'&‘ or-;n: |

L1119
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L ewt e

th.
"sr

- -_ _.dcglnt‘t.', )

T

tll

(Cook at ul)

. a deglu.tt

388 x o

‘."_‘337 x 10""_"'

.&i x 10"*.

: .._,;";,_'s.so x m"‘_-;

U109 x 10"’" -

_.:"1 75 x 1073
":.':;.3.21 x 10"." ‘

'}3 873 X 10
SRR m"j'}
f_--_-j,.-s 75 x; 107
L 3.627x.107%] f

o saaeT
. _5-..('3.“ % 10-' o

z 47 % 10'?

'°6 36 x- m‘“

" 39 : 10"'

| * 83 x 10#. I
. 1,05 x 107
1 /3 i 107F
3 23:x.2072
©3:66.x 10'".--"_
©3.82x 1077
“3.82x10°%
3682070
: .55 : 10"'_','.’ "
346 x 107
3.39 x—m",, .

6394 x 10~%
"..1.88 x 107
A% 10

1 0.92 % 107

‘2,51 x 1073

£ 3.36 x.1077

3.83. x 1077
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N thc !nvutiming thc nlturc of the 'Eorcc lct‘ing on a conductot;
urrying a cuﬂ;mt 1n n u;nottc ﬂuld. lhll (1879) oburved"that when a
lugncti.c fiohl h lppliad ll: right anglel to' thc direction of flow an’ :
electtlc., Hdd 1- u: up in l direc:ion parpcndicuhr to both the direc-
ucm of - thc curunt and ngnctic ﬂ.d.:! (u. Pigure 5. 5 1 belov) ,' 1 /

G‘LE’ f(’:m ‘ .
Paru ‘

RS

Lo ug. 551 S s e

‘!'hh ﬂc.ld glmrin tn thc inducod Blll WIugc. As:l.npl,e viev of the ;

H:nn .‘.!.tld can bc !om;d In utul (1967). A uni-dauiul treitment of

ihde

Ohctron dyn-icl tutu tha: n mctron of energy ck on the Fs.
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5.5.14

x 2 . ’fx.
. ffw( & %% - :E;i,,,;,]

- *cx [( a)& 8'54;;\' aE‘ Kr zif:]} 3105) d"k

; ,’ "“'.:._t--o-s 5 15 f

.and’ c u juot thn uptulion g!.veu 1n !!quation 5 2 8 for the conductivity
........... R '
From, !quatm 5.5 15 :lt: ts evidcm: chat: qhe aniso:ropy :ln t(k)

B phyl n douimt tolo in r.bl bdhaviour of :ha !hll cocfficnt. 1f
4..—!\},

t(‘l) =R u uattoplc, r.heﬂ tho ulue o! Ry :I.s indepcnden: of the ungnt-

. tude: °f T In thil‘ can. u a fuact:lon only of the topology of the FS.
R a& =a=4 dt J& a'& Bf’s s,,
” ec' "
S [j,;‘ ’k] 5s6

‘I‘hh 1- th- !otn uud by cwm cnd ili.-u (1959). i

&

In tiu inrc gmal cau. ih aceord o Zi.nn (1961&). for s

crylm v:lf.h cnuc sy-nzry. ﬂu ur.ond un tn- uﬁutinn 5. 5.15, uhen

. lntcgur.«! vﬂl m:lth aud R“ u gim by . ' : . S
3& 3’2. dfx J& 3‘9. .;_- o D

3‘ z:’

"-'_u...s 5,.17
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-n:u uprudon can . bc tehtod to Er) the neas value of the

mrvamrt of thc rs nl: poinl: k through thq :nlutionlhip found by Tsuji
(1958). nd uuQn b,.co... A . .
3 . L
f r 2 % (f) -

-, }3” I.z | ‘ B 5.5.18 |

J’Dugdllc and N.r\th (1969.. 196%) usod Equati.on 5 5 18 as the

' sta¥ting point dn chetr ltudy of the all cocffictent 1o dtlute alloys
of Copper and Sﬂvcr. nuy rccosnized the facl: that T(It) of the elect~
rons has cttmls aahotmpiu aur thc !'crl!. Surface and atteapted to _

| ltudy thc nthtiop of Rﬂ 1n l:oru of a tvo' band -odel. In their model

thay ulisn avcngc :ilu T’, 'r as parmteu for l:he helly and neck

‘N . >

rl-‘sionl n wll. a8 tpvro:iutc values of (-]*) for uch “81‘"‘ to ‘“’dy o ’
l'ot tbn fru doc:ron -odcl n." can ouilr be calculated. ve use oo
nqumn s.s 13 ud assume tm 1s- mmpic over the FS. Letting - A
O 'ard& CFT . :

| Rf‘e 121 JEf.. 3w T 3":3 .. 5.5.19 :

. 4 Kk 4. \* e :

b ( M)t T

uhleh. gor Alt-inﬂu -mm. k, - 1 121(—-) -nd i 4I08 A g:lven .
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joo‘: pudm.ly h Sl:t.iml 5 3. l.lthu' thla uin; th. amoﬁ-n .
: mcm 5 s.u lmlvh; the m of the mm-u (Ii cnu.du. and
' ﬂrﬂ:. 19691 b). rnli.ud ;h-t tt 1. aore. couv-nhnl: nnd funda-nul
| -'m ase Equation; s.s.u 1n -mu the ﬁ\t-sund mum the second dert-
um of mu n. lr.ou t!u rs. lmnnr, in orllcr to do the mtogral in .
| uumu 5.5.16 onr :b. ( a’ lou. u nud :o m-ezin its mugrand
. according to the 48 cy-.tryoponti.mu mruu: n then

oy - S
‘. '\: . RN i:! ‘9][1? ] a“"’) lt: (fr de&)z 5.?.20 ‘
o o @ B —' o
vhare, e, a'e yg 2 ae
- ac ).. [( = ){(az) (ﬁ’) ] L
..Z_ ‘Ea"é‘ ::ra‘tk, :;;1::')] D

Q‘If
| Q"(:,.k) 1 olte s mnm ﬁncl:ion aver the rs. aine. . dcpcndl on
ﬁt m du’l"tin of ‘k 'l,tll ruplct to k- We ﬂ.:le tuud a value of '
&= 0.1(-—-:0 ﬂll.utl 5.5.21. lul thlad.ctm Ak until Q (c!.k) ‘con~- :
'll’ll‘- m ﬂ.nll vnl-. ot Bk - .m -2-!- ti und h!:ho followinq._ A fine |
sesh mmgof 5 umuu and 45 uqmm csch 1*' p"m to chien

uuumm“mmmocq'(:k.t)mm(—)mp ,’_ _{
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Table 5.5.1 ..

e

Co-puted Values of Qk -at 62

/

Point: in A8

-

-!- Zon; “

g
LN

- g (0™ c.u)

8y

‘ -3 '

29,737

9,093

-5k .035 - t

12.033

255,976

11 770

. =41.62

. 6.636 -

- 3.28%

5.776

© 9.499
7.923

) },‘

b gt s i ] pe E ’ '
e~c;a-uana:p::<:\n O NN

’ 171

~ 9,342

. .9701,
7.326 .
8.034 . .

17473
13:397

14.327

. 2%.801
T 19.063
14971

11.828

S -9.231

11.548
43.572
6.476

L -39.24

14.652

. 56,686, -~ . .
-, =39.832° .

2.619,

"‘150&70
3.046
B.741,

£ 9.099
6.740
3.985.

- 14.015

17 845

- 19.313
- 19,313
- 18,392

N 18,392

-13.736
. o= 7.493

. . "'130 371

-13.854
14.813
. -67.488
~19.853
- 6956
- 7.421
- 47.876
25.835

RREEER 62 - =13.939
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M are tmuy l-uhtd vith -Whu v-wa: factors ’1 “‘. The
ﬂ.ul tuulu !or Q.. l'i. Q' (tk.k) %— (1o C.0.) are pnuntod fta’
uumfmmmrsum (—) uuinubh S.5. 1. Oncnltni.n;
‘-mu s.s.1 ‘and ufming to the Fermi Snr!m (Table 3. 2.1 end Figire
3.2,1) 1t u«um that "k is uuunumm ragions vhere the
\tola* surface asets the Bragy planes defined by (002) and (11). On firat
| lqht. lincl Qk 1& tlhud ‘Tt t.h. cumtnrl on tho rs then !ron Figure
-/ 2,2.2, one u.h: ennchdl tlm: ‘all the rogtm on the m-u Surface
| -uul;hg thc uu bmdam. lhnuhl eonttibuu a upt:ln value to Qk
m. thil h not .o. due to the foll.mdno two. msﬂcutm i
_ a)rro- Bquulonsﬂ.s.lé ud '5.5.1,: 1t can ba -un that QI: involves the
sverags curvature. ‘!bc arms of the docmn surfsce hive oegative curva-
~ tare inone cmtion ht poli.tin curvature in eho perbcndicular Plane.
hec the uul nnnp., eumturt ni;h: tura out to be m—upun. '
(11) Qt 1s the cu:rﬂnucu of. thl ‘sverags: usrumru from all the
'-luulntpouutnhwzwkmmn. sm:hcmonddcrt-
vatives are qm. diru:dom.ll, um qk nm an averall curviture :. ‘.
effect. S i
©. We ulculcnd the. n.n. eooﬂ:lcint for. a putc sample of Aluminium
t by uhc eb- mturé u-u t(k.'n from s-:m 5.3 1a mcm 5.5.20.
The n-;u ., umnr.d in nu- s.s.zm. Hl-tc s 5.2 .hon the |
"lﬂltl;l':"{'d!' l.. 31 n m:m o! :-pontun " The nlnu ot ’1! are ) |
-ﬂunacdlmm Ir. hmywmatm:-pcnnu \
.n-l mahuldu-o! 22.75&: 15'!. Ie, rhu mnuy
' -uh u-,nnm nl/nmnu- ac sban: ao.'x.nd lt m M:h t-v-r" .

-_m Wn. 1.: m.nxuof-sn. ﬂnuplthululnluat .
o - : e "s . . .[ . X
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_ mmsmh -3 ‘51 (Sc.'hdnl. and Koch ot al, 1967, |
mll lnd m; 1“3). Ccmri.n. thl.: value to ulnl: ve obuimd.
v sed’ :hnt ‘within our m:lul accurany thig nl.u is quu emuun:.
'ot cuﬂo. th result trou s lm d.etron sodel gim - 343 (m
Bquation 5. 5.19) -mcu u s eoaacum ’ -

| To see the cu.cu of thpprntum ot th- rs on lnu umthe
.nlm o! Qi. from thl 15-0?9 cllm.lltinn but ulcd Equation 5. 5:18, vith ‘
thncuvml--;- (fi'u c:l,oetmnlm). The :uult 1s ubqhud in
the last’ colum of nbhsszumcmum-urmqssz. At
mumth:ﬂud!&totﬂnmtﬂu ltthl:nggphnu 1s to
~ maks l. l.m up:i.n. l'or m-pld. at huh t-punturu (300‘!). the
ﬂ;mmci.ncmml!h‘u 4. nu-s.u. The dip at the lov
wd-m 1s typieal of the bohlﬂm'of R, especially for & pure
llul II ﬂli llhli Utlll. s .i:ﬂc m\us !ound by, Alderson |
end rm-uusss) and explatned by :hy-n 0973). using & calcalation O F
chﬂutotmou mmdlpotluathvmmrumbc' ' 3
loohd npon as a nﬂ.e:m of tl- d!ocu of the hrp mmcmm : : ;

vhich uht ht(k) at. l.o- :-muntu, In uueau ot thl dmt
-uh. uuamot :hmhafm’nd«’s. hhrrmr.o

ms.s.mﬁnhmm:mmanntkm. .

i)

' -chm ud.lpttm thaeha hiqh :o-p.ratnxo 1,‘. noroov-r. that the
curves: hl'dlr dﬂfﬂt ‘at low :qcamu, .tna:lcltcl thc FS cnrvgture of!ec;s
&G-Mwmmmzmwmwm. uhuht-pcn S
':wmmmmm.ﬁw :l.nmpi.ethnnmthl: L
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dummmwtbuluofl.
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. i-u,r‘mu-uj__uamump.um L
| _f'f_,'f_iu.umum'wmummmmmnonn
".]‘;u-dumtmsosuantroput') thn-hﬂ-l m:wm.m |
mmm mt otll. hmmhny w, ; -ucm.n; o
.,:._metuolim:hhtﬂllﬂh:hlwmmtmto!llnlcu-

upu.u".,_,“ s 5;2 v. -lun :h- .t!oet o