sy e = e

fc'/az’:'aa by 0 ﬁ’z’gam/ /m{yﬂwvm/ eXPANZLL.

0 Another useful techriqne aé;r soling e BTE s by expanding e soktien

ina setof erltogenal potyromials, sech as legendre polyromats

| Pnleos®), The ratorale bebind Iis is Fat te tlactre freld brevks

| Phes; mme;g of Ke spstey and intwdvces a prefered axis atog wlick,
a 5%&’6’ of the distrbulion occurs. Since fhure is no breaiing of fie |

| symmetry 1 He asimuthal plane | we dave a syste wifl cylindner/

| pmmetny. (When e blectne Feld vares in two dimensiovs, legend’e
potyneniials wll be wepiaced by splecieal fawdnres), '

o Theredore | in woses where we ave Cylinden symmehy, wlare
the deche a(redd' is alighed wik Ka ,odf'ar axrs | Te s o bubi
‘_‘ﬂmc&‘ou can be expanded as | '

|
J52t) =2 fplz64) Pylecst) |
=0 o M

&'ayﬂf'ry 4 egendre 0 éz*cmmt’

The [egendre polynomials are defined as.
Ro=1, Pr=etsb, Pr= 3 cos*6 -
and the Maya}ﬁé‘é relabov /s
if

]Png 0’(60.5.‘9): = a:g/n
==} A€+
¢ Fot (sohypic and elashe scatlersng ene necds o Legp Ferns up fo
d={. This.,s 6‘539!}/}0@ Hhe basrs ‘,‘év e RTA .
If the scattering is not pradomyn antty elashe o jsotrepie, |
A,'yfuzr —odler terms need Fo be .ée,# /n Jle seres. Jor éxeaple

-5

| for polar epheal plonon scaltering, aluost al of fe Fenws are

=

Peeded Ho deseribe ligh freld transport, wilied, wakes Mo weled
waller Useles o

(o Nofe also That by using ts weted  y sowe special cases one
can obtain bote low- fredd aud &/gl Sl prapertes of lre spstea,



090

To Hlustrate fhe metiud, let us consider the case whe e
electric {fr}g&f /s along fhe Z-axis and there are /10 spatial _
gradieats. Futferuaww, if weate iuterested onty iv e steady -
state soletion, ta Bolzmam Trarspart epvatioy Secomes:

z
LEnfp= 2 —
b i ot /m,:? € _"}f’ﬁi

Tawsing enly two ferms of la epansow por £, e
G‘f: _[o - 1[1 cosl = 4,[; - é‘s?; éos B =dé+f39;r’€)

R Thists Eo_‘f‘ He €.quilia"on'uu.t DE
leads 4o the following expressiow oft He LHS:

—__e_. gﬁ’g-g{‘ -:—-._- Q]C _——— e f
7 o TR afzafg(d’;’*f"g@]

= £ 3 , gle) + #a 29
Bl 300 4 K ]

o e 5% * = P _ 4%
We cau furllar simplify Mo L¥S by wsmg? £= e ey = i
Lhs=-C gz | P BE | ge) + #2 BT PE

A AE Pz 2E Kz

& 2 /6) + #bs Uz 39
ﬁEzlﬁ%f-{“?ﬂ)%- zz%]
-2 [ 9% cos6 + 95(e)+ m*vzﬁﬁws@]
A 7€ PE
When flis result is substituted bace iz He BTE, we get:

Jig_% [M’ %.é’-wsé’ + 9y (&) + w*V? :;'%’wfé’]: 8{0/

.;faﬂa’é’ 89, /
! Z et ¢ et
P| P..

Pa ? FC Fl
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et

o If bue infegrates agcuns‘f‘ dleos@) tus last wesult ) i+ woulel
fiud thak -

91
) '%’z [A9r® + mwz el A

e : : i : _q_, __’\_1(_‘_ _—-‘
22 | Y 29 - 710
(t('—;‘——-— L»—}(E-) s ;)- = ;—E—] q—-fuuf \ )

e First multiplying by cosé and jntegrrting against olfessé) grves:

e W et S ¥

o = The inclastic past of fhe ¢-plonon intecaction provides relvaboy
of e L=0 wmommf‘ (Hhe isotrpic ,.azar:‘%{/&z s trrution ),

> The elaste ,oewé o/ [l &-pﬁonaxt interaction provides elaxaso
é‘,iﬂ?z 4= {_couqonent of distribltion, for whick Fe RIA-
%opmxrwwezéa /s 699/53’6&5@ ;e 29,/8¢t /,_g//... = Z_Ef. . his

when substrduted bace rnto eyua#:‘au 2) gves-

I e T s gfff)ﬁregzi ‘% Zm ()
FE 5 Im m*  PE

Heuce : (9{(5)# eég,__ Tin(E) ?ﬁ 3)
L 38 |

o  For boousthe deforma Fon /oofemébf seattering, we dave :
4 paf 2
Z}n('f-'}: _@ﬁ_s_ _.f_.—
m¥,—‘:m£££- Hm“Ek



092

Z'f we introduce (le wean of'rcc: patk L between scattaring eveuts as:
L= U TmlE)= A THEIPTE o ghpUs*-
m*

me2 2 T /32( G Y R P Y
wlick odlpes )wfa/qm%d spou [le catver ewersy , we bave:

TulE)= Lt . JHE_ THIpEE | /AF

Ca R  p** T REx
Saéﬁﬁ'&ﬁug His bacw iwdo our expressicy f;x gy () /‘m_a?

gives: | =
()= ebet y P+ Mo _| b2kl Sk _ gce)| o,
g o L = Elé N\ o 7 4CE)} t5)

o Wwhen Mis result is ipserted inte He (=0 comporent of Ve BTE
Involving Ko argular ingependend oistriution fo, one gers :

_efe [ hetel iz Bl , 2. #efel o o oth3LY)]. Bk
h'[r:m* e T BC W?E'(E 95)] ;téa//

or: i 4
_efe pefal [g,y/zeﬁ rre(LE g,_raﬁ’ﬁ;%)]:&;
Az pE 2 3€ 2£2 7t led)!
_.-—-—‘_'—h-\‘-'-" -
= “f2, 2 92,
AL e e 2 ET A
k13K g T3 g
_ 2 e, 220 _ 2t (0 gif?)
5& 25+3£;‘ YR 35+£552

To summardze

_eg)L é(%:é o ) _é/_'
Vamex 2\ 7€ 2E* ¢t o/,

(5)

o The pext 4ask in llrs analysis is fo calevlate 142 colision operater
ou Me RHS Jor acoustic deformatiou poferhal scattering | for fe
geuwf case of /nelastic sca‘lt%er‘rh(? [PEecess & It will be assvwed
tat t plonows are in il bave, Ve, qpuilibnus oshyGuhov
Junchou unll be used in N cabbulatiov of fe ocypancy .
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Tf:erev‘bfe 5 et‘br non-degenerate semieondectors, one 4as ;

%ﬂ/m -2 [j(ﬁ)SZﬁ @) - g%, 4) 402 )]

where lte transition rafes S{zzﬁ_:’) aud S/Eflg)am of
fee /ow

—ys
5’[12’22 XZ;#,;S?[/@*" o -L)c}"(&_ £x *é‘wp)c)?:?rg ﬁ)

o R
(l (ehen cowbined inte as f/{/é\- '/f:;
f/"dé }k f&’f NS i il fy;!—’u"'ftlddl(f(’

,ﬂj_ e’ éwr’s o fle Lonevectss
hieg

2: 6‘&1&222({'/‘?-)
SR B = Mg (Mg + 45 L) I 6w -Ex Mw?)d-(ﬁ;,i zg)
7 Apvay, e ey e st
coudined 1wt sivg /e d 'ﬁf)cﬁcv @ /st

Jead o a factor w?/(h%kg ) and
o{uz'?’ﬁ oy e waveveetkr (72

0 ég{éiﬁ//}“%)
/ﬁ.d/&“ fde (*/I_rcn.rgc' /n sQn o e lﬁ"/’c’r

bowne ).
ﬂerejore {
Je)ac) a)éc)
9 / ”9 Zac [‘/an o ( Ex - ﬁtdg) +(A@+/)<ﬁ (b +Hwy ) -
‘V’t’)’
i ‘P q‘ ﬁ’éf;(’fh’)(f{ 2487¢) —(ﬁ@ﬂ)atz ffx)é‘f)ff) ]
ol -Vsfv)
=Y 5O m*z{ KN (Eu-twg)q*dq  +
AT s Wk Mg, b (G- hug) 404,
W+V3/7) O axinwiv) ar(1-Vs/v)

o {0 s o e, -0 (o
o 0 0
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2Kk(1-Vs5/(7)

N (= % Mg [ Lol & ;m) Lole)] g% +
co“*4—r¥_ﬂﬁ‘f’&§51& [ 2.[# k-hiy) )]2

AK(1+Vs/7) &l 1+3/7)
A’i [.fo (Ez#f’iwg) qﬁ(.fx)}f’zoff‘ + /ﬂ;é/ﬁ; fﬁ@;)?"a’g L
' A

il
"

(1-95/7) Ta T

= ()f p4 {E'_E_) ?_za’z -“

The next task is 4o evalvate all Hese infegraks. As we sad earlver,
we assuwe MHat Ha ,of:zmaﬂ:s are in epuilidbnww, Furflecaewre,
Ff we e in fe ﬁl?tf—/ewperaﬁffe /;‘uu‘f, =7

Vo i # : args
FolE thuy) = fol€)2 bty 'ﬁ% + L (%) _i_;é
Tlis tall be valid as long as T > BU/k,, Tu lisliwst
The iutegral terws ITza awd I3b becowe:

AK(1+V5/7) K (- Vz/r)
Ta - Toox [ fle)g?dy, - f SlEx) S +
K14 Vs/7) 2 (14 %5/y)
916:‘ 2 { ?_-é f 12 zd
4+ = B o i S - 52Us
(;)Ek Gj 52? 2 "g p& > ? ? 2‘
N

#his terw is ayuof&f Ace

) Tt envelves Vs
, ax (44 %s7) 4 &ﬁnfu‘lrsf v)
% &) L\ o b e 94
5 3k 4
Ak (1-Vs)r)
4
4
thEa) 9k [(|+ BY- (1- ‘3)_1+W r_erK (1+ )
SO it =
1+"‘*’f-'\+5 ”C)L_ e

z#t&\%ﬂ%% + 4wy B 2o b ¢ i, e 4
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. 3 3 ¥
m*v=5F , we have 2 Us %m*: g—-—fz’&"s :

N ” >
Now <ing .

Then
Taa- Tob = 16 fifivjﬁ% 45?@?& £4

* o sz 2 4m*26
w 0/+ e Q{Ek AT

P wm" 'v;dggg L lem*vs g2 34
#> fia 2 &k
The m%egral ferm Iy is | /n these limits, of Fe form:
ar(1-%/r)
Wy [qt,{fx) ‘hmz 915’ + ’(m,,) _é a@/fz)]gza’g
ﬁrﬂ
‘2’;{-{! s 1) 9 oT
AL,

2% (|- Vs jv) w(1-5fv)

n- P 84e 24 ReT 4o, 22 34
E QE E} q (L " _;_ Jﬁ'ﬂ.ﬁ f[}E:. i q‘ CL
{

&eThUs 02 L KA (-t ))?
GE"ﬁ’

e

=

¥ v RvY fD"‘o 2
[ 2+ L 2 |97,

N 'ﬁff. L 8&3(1 Vshr) +

Mot 'H?o W -5 W&% KTy
B
In e Sauxe wamer, we oan a',xecﬁrj aaaz‘e tiat ivtegral/ Zz

eftmfs- ;
S 2ol SR 375 T hys % 41
g.vﬁa:ﬁ:_f(l—/-y)q%afa sjﬁ

R oyl
_ o SKY Lwem 4 9%
Z—f-f.z:z x ﬁaf %:r—- -z—- *@’—-?2—' s Q%Thﬁﬁ E

R
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T +Ty = {(bkeT M*% ﬁ’{%f—#:‘?’gﬁf@’s 24 924’3

i A Fre
w (6 LT M5 2mMEx Bk 4 prhp PGS 9%
% B 9 57 ;E‘l

%32@3: m* %f e + /6 KsT @:?{i szg_zf_ﬁ
52 P A2 e

Whee all of Me above results for He integrals are subshioted back
Into fhe otiginal expressiea Jor Gl/3t)lcot, Hay give:
2L
o| _ m*Zac #7R , m“fsf{ )+ £ 3k
MA._._——- d‘“‘g + Z 7% s

3t lead ™ 4gp0s 4% farEint A3

+£’5T9‘£° 4 K“TE?JQ }
X 2er

The acms?mnL i afmu%af e )parewzﬁams gvals fo
PN Lk m*gs/é“ 4 Zac* m** VP
up;gﬁ WVE ~ 55 Jph%
Ve L e AR |,

&)

Thereé ‘ =
’ ? M"’ e 5ﬁlf)+£‘% ﬁaTeéf- 5%,57‘;;2;121

| ot / ol = X N
s Tv-arn')lues ¥

o lombining now Mo results Gven in /5) and (&) grves . equilibaum

ar’*( et) (Herelt) = ‘r_f;__, Em“fﬂ +m+m9§+wm}
=]

_ (e %Y1 eT J_+E_-E Tsu:o (i)
HG'US- t—__uﬂm"E] 5E ) fo + = by +Ei1‘ o
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. Koxing te ;}cllowmg chauge of vanables: Y= €/tsT and
muﬂ:f)o'ltjfng tus last expressioy E:j ﬁ’g@'ﬂ& 2E grves -

(e€2l)? 2o 4 Ay 9k
T @UsZm* A (fb\ ) 3y )

;és‘yaf» b7 3
= 2ty (fo 4002 ot Maz;(fj@é)

LEAEE (4ruppt)n agh + R 5E e

om* BT Vi
— A (pradt) = Aoty A p Ay R
(ng‘ﬂ’g,t)ﬁ”,t (y* fo?éLH()dé’+90»sz, o
Ug+°¢)oj; +/g+§+——)c;$,‘;goﬁ o L(;}
where we face defined '_‘1,‘7_* €252 and E - (@m*ﬁgw 2%

/s Mo eliaracterishe electne %'c/u/, Mote that MMe Vaﬂqé/r? &
s e redveed carrier ewergy

e The o(/'f{/efeﬂﬁh/ e?w/)‘aa givew ju (7) possesses an exael”
solubou ; fle s0 -called Dryy#esfen distrbobou

% ()= Alyrd) e

wlhare N constant A ia normafizatou constant svck
Hhat /oarﬁe/e eotzsermﬁav /s sebspred, /e

n= fdfg(g)j;ff) T Ppl€) 53 Ma 30 - 005 fanchon,

e (Ve now want o examine Mo bebavior oVZ’ fiis dstrrBubou
cﬂ,ﬁgf"qu ‘74;,; Cott Low ~aﬁe&/ (d>¢) and ﬁyﬁ-%‘efd [ byﬁ)
condibhous .
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AMPAD |
T

N

7o exauine the 58 fhe symmetne :p«,;/vﬂwf of 1P As5Tnbho
petion al loth  fow .:mo’ gl oéddaéc iP5 cousenieed o dac//?? Fle
a’%/elm-ﬁaf e7mzt‘r¢=u C?wa. iu (f) as;

nfeymfmy once s Wﬁm gwes
g(d 45() He foy Uﬁa J{'_ e ) The constont C istakew £ 4e|

2erm

(@) Low - field cmoé'ﬁ'ox. 5 .

For very low electnc oﬁ?/ﬂ’:s, A= E2VE" = 0, and in Jls case, He
o/fbé/ere Htal eﬁ;vqﬁ'aa s;‘m’p/?'e:; L

"9 fcgzué = 2y ;i?ﬁ’-{--fo'-'o

Tlws caw be solved xw.wed/af@gt m.my segparahou ef vanables, /e,
-EfE
O’é :—0:;2 =5 Cﬁ;—;/{ e = A€ /a, /ﬂéf’f’nﬂ/df;‘:\‘ﬁ')go?‘m’

O&Hc-ﬁoc/
77735 result justifies Ha wse of the equilibnure oisineuhow e

i fe Lo - Lol RTA. T add bod, wheu substtuled bacw rwio
@) italso Jves (6846/3 Yoy =0

(b)) High - fielo! condibiou:

When we have digh electne oﬁe/e/ fhee J>>é/ awd Ju Kiis case
we neeol 4o solvd The Vﬁ:ﬂawmj d(/f/éf?)?ba/ éfwﬁoa 5/02

2l %-0 =) —-_—oﬂ» => Zly)=Ae
?Ae’h‘?ﬁre at /{Jér(f electric f‘aﬁr&, He olistributiow pxﬁmvﬁw Fencls

ards )

ZL plgper rorwalizates is doue , Mew

s e 4y fad
k(g di= £t 25

T () )"




50 SHEETS

) 22-142 100 SHEETS
“_“ 22-144 200 SHEETS

22-141

| antpan,

Hlenee, #e enpegy distnGuboy Junchos s Gaussiay calber Faw wponen -
hal in s lniot. Tt 7s Buciow s Dedyrestyn distnéobios funchan,
well Lrown n Plasua /O%mczs‘;

DppueTiviTy

The cordactivity of Ha 54«2;/3 o evalpated Cy coleflating e current
afenm'? ,1‘.6? 4 7 e

1 o
—)-__ i - o ke . i
G=-e L [0k 7 f 2, M_}fa’(wsd’)gfﬁ W 7

When Ha electne fedd is alous Ke 2-akrs, He é—c’aaﬁaaﬂérﬁ(cb/ He
current dér?s?‘? als o
i B
N e 5 /
k- 2, { dse) [ €98 72 [%m b gute)]

0 ('symev‘n‘c nedoy -2 g/ves zero
am*rx‘ieﬁgf fo Hhe cwrrent)
For P&'Z&Eé{.}/fﬁ thO‘S S we tfaue 0 e ';2_5-7; y e‘a/y’df (jp;'yed v

dE= B2 RJR  gr:  Hdt= YL AE apy A= LIV o
A %* 4= 1 #*
am¥ P2 —
- L&) e
T/:weﬁre-‘ -
Feeo 22 [dleost) [ L[RBEV2 5 R200 9,(e) VEIE
4&?—.{ o];/ﬁ Z, #os'e gil%)

b -]

) 1
A kg 2 PE [ois deose) [E gite) ok 22
472 Tn / _, g

z
ek [ L fam*)%2 s 2
T !Jiz(;éz) V gule) dEE
Yo
_ ek B ‘
- -4 gfgw(g) #2guic) de

£ &
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| anaean |

For liat electne frelols -
(£) ‘fi M ‘j‘%{?%)
% 24 p{s ) (m*eT) %2

314 -H (&)
ool 3 Tnhd ) ESe :
%~ g wtaye AN
sinh 2 E Y -;j (g;,—')
== ;/4]‘1 (4. ) [m;;‘% )5120( (ﬁ'ﬂ J
Wler?aw: VE ” —,3{5%7—)2

4{5):% ¢ _E_-- L i*nh’E 0[———-—-——’
3 e E’W’E ;f‘"r’ )(m*&a"')gb' 0{/2_%7)

and
3y
F/ Am L Jf{nt(b/cl
et S S B —Ee%m’ Tr(2) ka2 )|
= ks £
. [gre &) e £y
) " - .4 (E
QQZMELEGI * IE‘g Ll dE

" 5 A ()P eI (G oe/zfr) o

ﬂm’ug variable o/;anéae: E= ‘5&” mgcﬂl £= )/—.él?-/t' ;e
7

_ 2e*ln J 7 MM{‘{— Sx c d
BN CETEY W&TM/W M ’

_ A4 e*tln ]’ a’x
ERLTE )f-hﬁ?&" 0

where A" = '-* /—Q_Q; &
B} W T

={
4 /€ T2 =
6 m*bsTVs LJ"Q] L
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ﬂsf’ag Hese resubts  we oﬁha//y #eé :

_ Az etnl gz F i _wme e :b‘z/
b 2r( ) (it |22 a 53 22 wg | €

where we have wused
i iz
4

o
[ x2¢ * dx=
O

The wﬂo‘ucﬁwg 5 5:’;@“ éy

b(¢:)= Yzz ne’L = A‘;‘gﬁ—cﬁ'e/c/ resvH-
3. 27 (2 ) [l

-f//ggf
The fow feib’ muducﬁwg /s obtaived gzsnu?_ aﬁ(&') AQ
&.}A;cﬁéwes

0 e—f/&feu
» gf) jj -f/kf,?"
1€ & e

I tm L (,@,)

§u65ﬁﬁaﬁu§ bacu b e expussiou For Tx we Zave .

+ - Zc”e:
Jox - €0 f}?’e&ﬂf/émz{l/;@r) £/

m*

_ e e e .{( ) fé‘gﬂ E/?ésrdf e ey

o 8
_y 2% CLA (4,7)? fxedkdx p

?Jfﬁ_r;l—ﬁ_g,; ¥ i .
B} -ae%m/[ [ xex  ggrg i e lxédx

o i sl [EcTye b oo I | S kg

v
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.
Jk” e Jwa’x: 2! ) K20
DM ﬂﬂ#,’
{Y”'f eMohs 15 L3 B
74 :
ereﬁfi ) ;
[ ve o= =
o
fxy‘gﬂxe’k'r— 7 ;QL = -ﬂg
0
Yz= 2€%%ln 2 _ (8/3)" ne*L fa = Op tr
w2 (m¥ler & 3 (m*feT)”?
| The low - feld conduchivity is given by:
| ¢ - (8/{5)’?%81*; LoE—Jf‘eU expres«oy ;;er the
s Wﬂz | condueh'w'Ja.
\Tws. »re®*  _ 38 _ 8, _ 315§
(m* LT )"2 ®/5)% a2 NE a2
oL
= : u €
Sles)- V& . BVEBe e g, U __ . &
| * FAhr () A \[_f: “oFArn) Ve

Note: o The abwe -descrnbed calewlahov is based on a wode w
m%a ﬁ:'ug/e set af carriers associated il one ra/%( , @nd’
it a saattering determines) by acewshe plonons . 7o cous~
we ol gg)ge;;wsnv‘s} one alko heeds o consmdler scolterie
ﬂff'fr.’z?/f anel in-/ermfley /o/;cmoz?s, The latter is o/ /;{:)x;e;?‘ g —
ﬁvtféﬂce uender &16‘9{ -gﬂ‘eéf coudihows | since H#e efectne _,é‘e/é/
My&'f tasse the electrons 4y rafler é’fo‘gd :‘em;omé/fea,

e also Nustrakes the wallewationl a&%@/ﬁé;

asseciated w e Fe analybheal a,apfwacdu, Jo obtin ww& &y

| Luder Yot-electroy (i -jr‘&’d ) condipeus, /4 is muekl easier
0 use M Monte &wz wetbod.

¢ Tf:f; K




