l—/oneywmb /W‘IL/LZ Avf'on-—/qoa[ﬁaa/f&r ét/ﬁlﬂrf/y :

-109 8 .7 6 54 -3 -2-10.1 2345 6 7 8 9 10

&8

e Lechre 5 (Tan. [F) : -TramSPar/' 7%30? (§5,6)

Newton's /aw (,/:'7‘14 pction ; §5"S i
- Y L= m*?j
i e a2
mE eE = VX =

LJL\ere VM*-GHEC'IWE MASS avw( T?—Momﬁmlvm n’//akaﬁ‘o»\
-{'{W'E. CUWWL’V\‘J' 0[8&45”9 ‘ 33—-}’)65. L\//ﬂ 530, "

- { J -
SJ—Baﬂly shfe , ~eE-zm*9=0 = V= -(et/m*)E fhe
o{r‘i)[‘} (/6/0 Chy. ’ﬂve a/fv’W?L ﬂl&hf)‘iy /5

Z
o Nt

S
J='wew = T

E =0 E



Thus we obtnin fhe Drvde Cdnﬂ/UO%'V/I\Jy O |= VIQZ’L'/W'%‘
AC Felds :

a‘_d_@_ o = -th 'L $ -
Liflr: e Elw) ==
= > _iwTt = eT f—/w)
Vi) = vl)e = Ulw) = — P
Drdlf VESUH_.bea)maS
2
ne 1 ~
5la) = "5 T 2 O+ )
Ao yaiform MAjnaﬁ'( Held -
! e ¥\ B _ € ¥
(/? )t o BT 002 R E
so ogain with g% - —pev’
¥
— of ” 1 al Y
E (W)= ;gz((f-/w)gqﬁ* T Cle )jp/wJ

res) shv ;'ﬁ /Oo(/L/ w)

)28&0/ o In §55 07[ ﬂne /EC?LWC’ notes. Jome [SSUES NI%

fhe simple Dryede treatment :
- NL)OJ' do Wwe mlan éy VZ 7
— how o Freatf mu/‘JLfP/e (Aawa'/f? Fermi gurfmgs?
_ almost Flled bonds and “holes" 7

— /70w a’a wl 057%1/34 A 7



o« Boltamamm E?ua—km

56mfc\a5S;Co»\ AJ Nam ICS ot~ 3}001/1 WN/&PAC kets /§ ¢,5) :

“ j Cometric curvofve

Ar :% ——ai‘"ﬁm) - %xﬁw/ﬁ)

dt
T € 9(_6 —9';_)
d}:_— _Té;‘. /rl'[;}—-[).z A XB[/‘Z')

Caveats : sez Equs. 5.150 awd 5. /5] (orbi+al momem‘x).

Phase Sr%e df-S?LW.bwadw :
3r' 3 4+ 07C e’ec%rw:s I meyé/ 1 Jchp/ ,;/‘o/'n o
$ (7% ) fed

i T = witiin & of P aud within Pk of
T | at Fime t

Nette that fhe 0[757":/"%%}0'4 Sonchon 1s d"memf/'aw/ejj.
The electrical curreat demsity is (fo- 12,(2) =0 ouly])

3 2
j[ﬁ,t) = -¢e), f’—dk 7[0_//?/72, t) o (%)
H,O’ﬁ

/27TJ3 n
The hea‘l' Curvent Aem_cHy /S
1a(Ft) = -¢ ), fﬁe— £ (Rt t)(6,m)-p) b, ()
J3tm e ) ()3 e T T

Our 50@[ s o compu%f The /im?ar response coethcients



l,)l’liCLl Vﬂlﬂh‘/'f 7‘1’\2 CUfTﬂl/ﬁ% ‘7['0 7[of‘u?$ t:_: and 67) e.4.
E=p]+QVT , F,=T7-KVT

where E= EJ:B"_@/M = —%g with g%: ¢—e’/'u the
"elechrochemical Fo'}c’mﬁ'm[”. T matciy ophhcieats L@, T, K
have names

P = elechrical r851"579v"7‘ty /0‘=/0_/: conoluwll\//ﬁ)

K = ‘qurmo})o Wer

N = Pelhevr coefficient

K = Hhermal Com/u&ﬁw'ﬁ

To acooMF/;sL; ﬁu‘!/ we need Fo Kow how the diskaibubon
Fonchons 750_/7'?,7,‘) evolve In 7‘)‘M€/ and what thelr Axed
PoimL olfﬁw'kuﬁbnf avt. o f/'m’:/f M&#ﬂfS) NB/// LSSumE
Hhat- O"b one band s Farz‘»'a//j £ /ﬂo// oavd we'll covsidor

0”{7 one S/D?W Po/art' %od\fov;. Tou 5/’)0(//0/ Know ﬂzh?l‘ 74‘//39/ Wﬁ/
BW\P@, boavids Cmf_rj o corvert[in The abgunce of corveture)

b e [k 2slt) _

Jowd = =22 ams VBV = ~ 5 Jem e

So how ﬂ[055 7[‘/")', 7;,‘*/ 8\/0/‘/5? IF 6’0\01’1 guﬂa/lﬁ/w’ 57Lu7L€,
o JRVEPALIET iprt +» evolve ﬁcwvdig Jo Fhe Semiclassicid



f@fuw/w'dm of mov"‘aw , we. wovld hm/e

Bl | 2 L
) a,‘ f)+ (72’75 ¥

lx\/l”e"'e F =t V £(t) and £ = —ﬁeE/r i’/-;—cpr/ri-) This Is
’/kt’ 60”75”“'7'27 ‘9%%71’”"’ HB"f we've agwnw( ZEro 3eomg7Lr/c,
CurvoaLvrf? 8- 52 L&) =0. When The jeowﬁ"C corvetre 1S

7['70:7"6 AL ho\ve, F =4 V £(t) - 72»(52[12) and we mist
rcFIace f. (R 1,4) with /o/rw)_z)//-m)f/)i 1), where

DFt,t) =1+ EE Blzt) 12, (%)

The veason is that e Plﬂﬁse Flow, def:'neo( J?j e a\ljnamia/%ﬁem

@ a@) B[y

is not )nCoMfrcfs{ble when fzn[ﬁ) $0. Rather /Jfé éé’,5.2),

- [ 3 a;ﬁ a-ﬁ A,hCDV)
Ay S R LA .- S
V14T or Ok At

This means Hhat ?haﬁe space volumes Vary in fime [ Ty cancel fhis
e#ﬁ(ﬂ', we redefine the PL\M? Slame Probaé."/[v‘zj olems,‘yfy
Qas /OH(;,JQ,JL). Ove theu has

(#7t) jmp/on/ P k) (-eF)



However—, 717k nb /oyij&r j;‘ren bj (%) . 1247%&'// From

* 1P X_ oL
% +€apxkﬁn =7,

5 Y &
/(’I'_"EdIBYX{bB —%E

We invet fo obtnin
)‘(0(:(1 f’gfzn)’ {UO( ;’( )Ba‘"é yfﬁﬂj
. J
A (*"BQ){ xé_[ Qi("'c’éo(,m/ynﬁBj
and we see af the ])/efachr is D, /;,'L,H hence

”ejz {U (%)+ e - (2,0)- 2,01 B? )+—E[r,t)x52/ﬁ}7f/ﬁ'7§t
whvepecket occopation v

WL‘W’” redvces 4o the 7[0\;%//1&/ Cx/or@fS/aw when ,Q (k) =o.
l\lo‘]'(’ ‘H/m;}' &/!ﬂ) ﬁ 0 Gwo/’f'ﬁl.’mj j£ =1 / e, aﬁ//ec/bawa/)

TL’US, w['\t‘}m here is nonzero j80me7{f/(‘_ Curumlwt’ a -/://f’q/

band Man C&V” 7€N7LE CUrf@VI'I— /’/ch&%ow-ﬂ) we. M///
assome 2 [ﬁ)

The collisionless BoH‘?mann egum'a‘an is then (Vi-0)

ot -f £
()t ar %



What we e missing are collisions | where the wevevector %

oF the wave Pmk&" Sudalcm{y clqmjes dve o SCa-hlew'nj }’j
an ;MPUH{?}/ A Phonow) Ov awoﬁ%’/ 8/€C7lfo;/). This /'nfroa/:/(e;

i CDIIES;On in'I'Ejmll e, L/‘({Co///‘f/'on /'nf?m,/”

e S ﬁ+£'ﬁ:(%§)cufiﬂm

e eyl LR
5/‘/\4}7/857[ Modﬂ/ > relaxahon 7Lim€ afpraxim'flbn

/y_ ) . Ftt) - fR R
ot /ol i Z-/f)

p./h@rﬁ fo/}i/%) dejcr/'bCS o ﬁmLfc /oCa/ eg,u//c'érfum a‘?L ;
The velaxadion Hime is Tl(%] = T(c(#)).

. Local eq,uu',iloriuws
Collisions act /0(0{[7 In space ond on short Pme Scales ﬂ%\@y

establish o local e?v?lfbfiwa distribition

57 ) E{’E)—//[F/‘L’)) J
Pl ) - [EXP( wTee )t

l

C Fﬂrm A 741/)5/7'01,)

We assume }/[F,’E) W\d‘ T/fl‘H Vaiy om\/j on e S‘C&?/@J
much lomj&r thav The m/‘cmfco)ﬂ/‘c collision fime . Thus

2&) I
(519 coll ©



/ﬂ’)f IOCA/ l??,(/l/ lﬂru/m 0//57[:0 u’)“oh /')ow&(/t‘/’/‘ (5 M07L &‘ﬂmé /42[&{

b& the Sfffammj ferms® 7 - 92 # f 312 ) and Fo 0 bts i
G So U‘}\on 7Lo ﬂfze Bo/f%mann é’gwm‘)am wEe wﬂla

e tt) = F12%2) + S£ 2%
Th;f amour\?l'j "]'D .So/V/'Cj 7£or '/1"(’ 74/»'7674'014 576/':; I:,‘H ﬂf 5ﬁ¢p\7§'av)

for 8F s
(2.»”7’- rE. «—)/fﬁg,f):zﬁ[;agf]

It v ok
So now we need 4o rolf vp ouv sleeves gnd calevlede -
AL I<BT e o\(—/—”—)
. aoco{ _ (E-p)dT - dg }
o kT kT2 | |k, T
] aazf {5& LY RS 11 % |

Here e have assumed ‘:/A[;) ond T=T(7) are both
’HM@—MA&?@VIO’BVF]'. We now nZM( otf 7"//26. ,w.m{‘v»( deri\/mli(/gj

oF o T OF DE
,_aﬁg.on_aé,a,f_u_%fa_f_b ’\/Bv{j;c) §(5-p)
w Tk ST er TN,
Th | e E __EpxB G
o g and % - " h ne - [



LA TR P
a5 {eé *%A_V‘TJ(’ Z’:) - T, [£'+ 55 ]

w/)mz 5 = E + 8—(<7/A = —6/45»6"1/,«) = ,JVQS 1S mindJS
74‘1(’ jmo{iem‘f of 7”14& l'glechrool«emfm/ Po%é‘nﬁw/ ! ;,2;3 gﬁ— 8./10'
The /(”[70"”03844500/‘ 7%""”‘) /‘V’_\ PW‘P/B/ 1$ fﬁf/DOFJ‘I‘UWﬁ\/ﬁ “he
no'/'foWa/{y 5Ma// guamﬁﬁﬂS & = ——AV% and VT, This measns
%m‘ 6f is of %bu‘s ovdor N Smallness , So W My a’»’vfa

the 'J@f mS COV"/'NVH\V@ —@530 /Em‘m 5/9&7‘)'@/ &/&”i\/ﬂf)‘/@) g;ym/
53335/912 We also have

W om _ fop 247 OT
y i oL 04 T o9& ot

How&v&f) wWe 1,./:‘// ASSumé %ﬁ?t 7%8 Unfy[prm (i=0J COmIpam&'ﬂ{S
of u(rt) avd TP, 1) ace Covstant, We then ohtain 10e
linearized Boltzmamn equation,

$f e 2 7 96f J(A e o\
ET:-——%’C-WX at + - 851‘_ T V/)( aZ)—ZJJ[

Wt’g'/f L 1S e /l'ﬂEﬂb’iZ-eo/ collision /’nﬁ'jf‘a/. Note Hhat
we howe ot assomed thaf B is spall hove. pNow et oc
“Pflj fhis ﬁrma/llm 15 fome%?vg wev[u/_




. Canaldc'/'ivif’y of novmal metals
Assume. —B> = 67’ =0 o bf_{’jlh . Theun
20 _ 25 F = LSf
Ta the reloxation fime ax/v/oroxr“mmt;‘an) VAER=S ’Z; .
When 290) then | Of(t) = 5f(s) e te relaxes o 26,
and we vecover e c’gu{//Lmvm Fevmi distribution.
Weth E/H = Z€~fut/ we obtain
e£-DIA)TIE)  OF° _jut
ifet) - Erazral  1Pe
TypflCﬁﬂj T(#) = t/e() j&h I5p) 72~a/epwo/&wce 7%'0!(/34 +he
d/‘fpem'on £(t). The curvrpnt ”’0"'5’2‘7 is

3
(A t) = -ae § 2R 5F vt)

Y (o)3
n

(% Ti2) volt)o"%) /ﬁ gp’) P -ivt

=y T S wel#] | 9%
St

_J
— |

50;/})[“) = conc/ucﬁ\//'{y
for kT4 2, we have "a?lzc_ = ~0(€-2) and e o

express 5«/5/”) a8 an )m@mj over The Fermi Surtoce

3, olidjg i 0[2‘0/55: Sy Ffor hrez
Otk = lazjot| D C Jsihet bEle




et T/ff) - jde Dq/ijwp/ﬁ)
47T3% /—-/‘NZ_/[FJ JDHZ‘J I

For ballishc gleckeons with (1) = $£/2m¥, find

Oyp (W) =

HBZT éo(f-‘)
m¥ | —-WT

;N =/z/£3/£)f°/£)

o;(p[w) =

Tws we yvecover the Drvde vesulf. Bt note Hat 1 j%@rﬁ/

our EXPresSion Jor o’xp/w) ploes 016}3&40/ on details of
the Fermi SUrfAce.

. Or']’l Cwl CDndUC‘HVth

Whew wrs |, Assuming cubic «Sjmma:‘\fy So o;%{u) = 6) dup,

stu) = o Jae [ 5 ) aseliee = e

(21 3hw Moot W

Where Wlopt is fhe o’){\'cd Mmass,

REBENE jdz/-aég)fawfw‘(w\

mopf 1213 hn

Moke et ofw>>T™') is P""fi/7 imbgindry which means
‘['hm(‘ ‘H/\@ Cum%‘f' rf,’SPonS@ s 90° oz/?L ot /D/mﬂ’ w‘ﬂ' e
eled\n‘c 7@‘@/0[. 77/M 'fh@ fwwe«f olif.f/‘pmleﬂl GVBrAjBH/ OVEer

one Cyc(e s <j{7f)f/f)) = 0.



When T« Te , we have

1
Mt /2ﬂ3£n f 45 |56

The DS s (ExercfSC!)
(5] = 17,71'32;" fa[)’,, o™
amo/ “8 /ow»T S @&:'A"c lquL (5 QIVCn A
P JEr 2

C\/(T) £ or

*
= "’IH,) o

LJ/WT_’ ’”fh (S the ‘Htefma./ mass

* ~
anol [ Tl'ln\
,, Mo (3

is the low-T specihi heat of the Hree electron gas.

o Calevlation of the scoffering Fime
LetHs andeavor 4o do bedter Han, He P)/enom em/ej/'m,/
relayxation fime aPmefma%'an and ve Fermi's Golden Rule

+o Modﬂ/ the cd/fﬂ'ov; /‘n@r‘ﬁ/:
T, [f] = Z | VUL (B ~ £, ) Stett)-Sete)

L—W\/

-f 'F,y,“‘ &CI 5f£



Here. UF) Z U /r d s a Som ovgr The /‘M/Dur/'z/y ron
SCGA'LWEV'S where _>) I's the [ocotion of The Jﬁ/‘mpu@ /67 .

[/’/@ hen L\Wf GDSUWIIVlj U [7)= U(7) 5 i-e. idestycal meur;'ﬁBS,
O fet) R | -

<Ll = lu(M

We assyme the /M/A/"bL/(ff avl /anoldm/ 0/579:[9%86?/ ‘n SpPecl,
ond  vie veplace [l %7 s avemje

i 3":” i(i—‘li')-_%lz

averegl —
0!/35 fg J':( & = yl‘mf)/; A/IMP//\// 1) %#l
% /2,_
Thvs, ngz/ pilt-%) Ry
I 2 /\//M - ( 2 Ulm [/\/,'m —'1) N 2
}(Hu,ﬁ>} = ﬁ,U(i—ﬂ)) ¥ P\/2P JU[o)] 5;,,!/

NB : we have ﬁSSUMGOI '76,12‘/#) = \/"/Qexf)//f-?‘}/ a/p/ﬂrox/‘maﬁ)zﬁ
He Hrve Bloch funchons. The 5.%' Yerm will caucel ovf Lorvim
our caleuleton since i describes Purely fovward sm#g,,,‘@
with no cl«amge n wWaveveedor, Thos,

-2 6 2 -2 )51, - 5%,

ol
Z8f=3,l#68]= ﬁ (ar)>

W€ Himp = MimoJV 5 e dmé of impurihres. We oy mole
the Ansatz

I aﬁ"}
5793 =Tls() o £ /% 3 |y



Skippins The detnils [see Egns 5. 208 -209), e obnrn

__1___ _ M*an;ME_ “ N A 2 A,
I, 4r43 /4{/‘ )U[k,;L—kFHI (1-L-k')

ad T=0, with £(#)=HE/m* Realling de exprecsion Fo-
d(ﬂﬁremﬁal Jca#ﬂﬂ‘(iﬁ Cross sechow in The Borw aflor‘oximafion )
k2 |
518)= (o= ) |0t -29)"
We LpMVC

-
_%: = 2TV Uy fglﬁ JF[L(L) {/—-605”)5/14&

r

W}’M VF "ﬁ/(F/M)li MWLP l'low ﬂlf //-405&0') -,4[(',7[7);/‘ k:’/lf
7£ofwa/0{ Stodter /‘nj. The LBE defines a lqiﬂmmf? of velsobion
Himes , viz. (fso)

381{: Al

ko_ -

D = v, JAE al0y3) (54 -4
where Dyp = o5 (L), Sphevical huwmonic expansion :

o(05) = Gy Z V. Y (W Ta(E)

whert
O,y = 27 [d0 Sind o () = Fohal cross s2chion
%

Ten wrihin 9



oty [t)
we  obtain
0ALm
ot
ond

) ﬂﬁ/Z,

- Az: ALY, (%)

'3/8 ,mﬁsolf

T

L=0 "

Th-y,






