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Figure 28: The Brillouin zones for a 2d square lattice. The first is shown in yellow, the
second in pink, the third in blue.

As a4 consealfed Mmemytun € ‘SL B2.

/

R o(usr.l Tone S‘R‘M 2‘62“ B%S “ne "\o..ﬁ’ei e-\sk
"L "eg ls‘f Ong, US"‘& e-' VC,ch'\s.



C'\7$(_°\“5§A.F£fe n.‘)"'\a : B% ane 30 QM "k‘

mabuals .  Choose pfls MRuwa  specal points
(T AR

@ W ve Sca.H'u.(Mﬂ e"7 C'75 ‘2(:
ngu J& We V\l\ow (»@'\c.lk 0\75‘7“1\44 Jk“do"‘q...?

— /'
Kk
« -_— e ,)
L “‘JgAV

x_ l\..7, htuh"ﬂs, e ehe ...

ﬁwu. Keves See mc Smfﬂ. as ‘ﬂel'uh}( VG?’
(no.k,

FGM; 15 Go‘o(lt\ Ru‘t ]—Klﬂ-z‘( -~ %(- I<‘2-‘,\/(k-§ >‘t
x S(E«Z' - E‘-‘A’)
(/) elLs"fg‘ SCQH?AA\

(RI-KT ¢ 25

— =\, J d Al A Nf-T'\_\,
o LRIVIK )-j.!z‘J;" R[> VR) - %)
T RS
= L jcl‘%‘ e -k x vl . FT(uvwl)




Wre &(& ta c( 7 Saw -

= =)
- -\ _ ({k -K ) X —\ -t
Lk [v]r) = i} j«(x‘e vi@). Al -k’)
" - (R-RIR
Ualr celf - é
REA
=V’ g(ﬁ-k*'.;
—Qenﬁ
| -\ 1
K-K = 7 w( R :f e/\* n(q'P‘-N‘J
VcchM
La.u- C—Mc(‘-h‘on < 075&( n-.mm('ua
anseavabon

&lul\\"u A &“J t, a.A.q,A"' aCAMc\ (QM <@ at'c/cq L?, ‘ancex
are Bne> ns salohva) .

K\ \T 5 K7
O[@'ud\s,\ F(Gl'cuu. \/ /
4 J o f[ %'s:aa

- 4T
(K-8 4% = 2k (1= cos (T-20)) = § K st
> 29
- 1.‘. ZKS‘;'CS

=y

]

&

B«..& plnes: MEN svh Ri 5. z,".. 2T n
( S\lca(( ein'? = [) (f(ouu., Noanal
A: A;SFMC! Qg[‘wm an( __Qf(‘/ "’. ﬁ‘ )

1



Wanle = A=W = N =2d 508

K
Refeaf @'\ n T : a) A - 20‘ Sind 8«4& wk

@ %Jk/\u‘hv‘ "‘0‘ eMchcs nA exb\g c‘(}b‘o\cc
(sec skdel (<F F\ae‘

S:o.“’““'a 0% 6'\61.38 ,[u\es . A(S., >\ e a"hm'c_ 5¢f~mh‘-a

N

=  X- Ry

J ( 7. x
= e V(<)

Sh\uq.('ao\c @goh»\ . S [’1'1) <

S

(r‘q. “‘\‘A WL(IL.\
lac"ﬁ-((eA Q7 7-\-_ n e:\‘(' n,

(A/I N, 5) e*'“ Quchrn,

A‘UF""A, L~ e- g(
V=T vz-<) 7

3, abpa, \ X_ “ng S%“’M o@ e
V( "" e JM}('\‘
L\ 8%%( , e WM"'C : S L g
nlnt n} 1 6 U:‘(
cell

E;(k‘_\c(" : TR"‘ °Q fk( L\.“(’ ice @y we-&. (-.H' (et GQ S(te o
wi ‘R ‘-WO Qras s e 6@\5 . I "
-~

7 > A

(bl  ns)

NIP 0\



= ) oA T L
5(3) = 0(c'1 % e "'J‘) = QL+ (1)’ )
720 e s e
S(—\) - 1 "e Zﬂ,' €viea
1 o f@ L. odJ

—’Ra (S (‘nc(eei "Q; Mu’/ﬂo‘-«-(
(aH’fu -e G B Cc (-.H'c'ce

Bl Resy

W.. ,/\c 8(\‘\*“7 /\.c..“—j 7 /\ amu-v.[c'ig -JI eova &sul ks i‘\

dime ason CK> (.
@ BlecRs Meonam = VIX+7R)Y = v(,z'}/, Vs EN

==
{ k.x

Efamsh“kg . WR‘(;) = Uk-\ (i’)e

T

U &'t R) =0, )
M EA



Bucts Faskbte cpociv. To o = Taos-
[H/ _‘-\‘J e =) 'e@e( 1"(&3&5"»") 67 ecauu.(

€ T3
e O o O | o TR
- - — = ‘6 ~
|;\1('(x = +cx3’)?- e 3 %( |
: DIIT- %
T @)= v@er) = eq 32 %K)
-1 d C:‘\"\ o
= Ly K7 wlee.ai= &
3 (‘_’:1’\4 5
= % akl= e (<)
New  Ug= "7 %R
S -
“ <

Cﬁf S“A MQMM('QA'. Jegmuf uf 8 1 6/\#

.=t

c‘/ x -. . K -
Z(’-« (X, C+ e 1 U-—“‘__‘ (')
o L Aen
U“(‘(z\‘ a.(so °@°75 5;?—‘4‘('7’\‘1—%()‘)
sf;\q elﬁ A -

as in 1§, o can Resse K€ FF B2, aut blel (s
Q»7 6‘“‘15 (\( Nedved Tonac ScRene ’ ) : 1(,‘?
; N

n. e’a.m[ ind ex



~)

o hke KeR (echades tone 52m ),
:"E/\* gpf' "Rt Same M]SH o el

AN

b2 Pt
y
r@ e '@X
M K W
Cubic BCC FCC

I
L A I A Xx UK I T

—k
BCC FCC Silicon

@ Nca,.(7 eAg( elekk\w\:
Sm?(o-« ko (J CaSe . S“'émP w. R HQ < ﬁz
wm

N =t
KX

L, L
e = R
( kK ™

<) -

TBen  pentoat  will  VI(Z) 2 V(< &3)
7 €A



M bix elemeds. IVIEN K" —.,f_fg}g e V(R
v

- . .-\,.‘
N"‘ VM?SRAA °'\f7 "0 K-—k‘/: ? € N* . V()E‘i\z' C“I xo_"

(KS — [K-2

Sc..""g‘ 7
m:l (s '@qs(a-“ Bl‘-cp S fagwm a_aum ‘ .
VL e I JETE
i e S =R
KX L iR
te L e 1 Cp—("i\
—xe/\e‘
J—v
v, (x)

L.W Mo Mmh‘m . “Z‘> &/\J (‘2\ +i\> 2—..‘4 VGA, ‘-'é Ma‘v(s
Sﬂ\.“ Mcbh\nf @\’q ?:J d\ch\ "0\ hu.eqhb) /Q ¢o7
Nean dée.s g Bt . E (K ) E. (K"y\) (Sm-“ denwminhons )

~( (S
= < K g =) K -
5 ( 1) 1 +z 1

—_—

-—) - A\
=\ k"‘% + K| wihe K',{‘-.e

PMPC*&"“'G-\ e(.swpb'\ ge OA‘“A““ and P°“"(' _ ?é Ai‘
= e:.(3¢ 8 & BZ ! ( W"ano\ _Seibz <l



AS on (e‘, 74 bfea; e e saf u.nva e(eé,,\wh /uh,‘e.l.z.,.

mem; .
How Mw\]v 3"1(2; (A lﬁ. 62‘?

Fu An ‘A e"m"l (-sH!;eg , K ‘04(‘[/!«0;, WRJ‘ € we Rove N
‘9%‘05 S;*'Cslz‘

- Z- n oL AN L NNNN,
Tkl alume: VN wilB - (& (S )|
“;\ ()?1' N q_: ) < 1'[".(.()?’ ( =1 (“Aw‘ -Von—‘KGMM”)
1(7?(?‘ = e“w'zuzb?" d Oa (X131 vp Rl 2 ei N;K'q"= (

—=) E‘-: Zh eT (Atu” : ;;‘.e—a"tlvg‘a-)
m-CY
Y
k Tug“‘f%&c( , &s e)efgc.he‘ , (kgc“zg( ec.' ‘ I"\ p\ Y M’ f

E«CR s‘z‘fe %t-up(c; - uu(um-. (Q (@ Xe- ”- A
N
NN,

= [ 5"&(’:, (a 8¢ - N

—
(K

@ WAM(‘QA gul\g AS “K e'\%] e‘l“!- QK()Z\)G (’f‘,

< _\ Q-Jt‘ °e “"“—Lm&)
L& Mgy | o

\304(2)-%




( (‘K' —
Tavese- $p(zlz — Z e wix-n~
“ K IN REA
— — B R
Qm-&»‘*";: SJ?Z‘ w('-7N) w(x-2) = L JJ" ) e )
N KK’
-\ -t |. V:‘ (r/— 3\,
1":’ (X , z(k(’( = “(‘ Z e = S—\ P
N2 NN
@ TRl Q«J‘k{_\ aadel (& 3d
AS a ul asSume e- {('w. on S("'cs ﬁ-\ € N
|7 S<RI

He L R = L b (R 182
NEA AR

- 2: [ B W OKRY - _L_:- = |i‘><ﬁ*+€‘f]
N\ EA &
Q Ll'('(lc. Ve Yok oonl\-u.'l'lka N

( ‘-a:‘—. ‘,-_4 ko n:«ak@m
< ‘—*> 6 (‘“Ms B~ e (K

-



Eiyenshbs. (% -_L):e‘y“"(
g = (1‘/‘(> IN Fen
K.
E‘;‘ =< Eo — t k e (&(~Cu‘(:)..,1()

L (‘c\ c‘ué( _ ;‘ , So« oV J ( Ag,'ak@aﬂ,‘

— + < ° o
<x " cutec (-;H't‘ce-. °~"‘° / """ }}M

o (-

=) ER—( - Ea - Z"'(‘OSK,(%A'(-OS K}Q{'Go)kzk)

B«néw(ﬂﬂ-. AE =2 F.

@ Deiivhon of e Fyle. Cuciny medel LLAo

Sife abm  H_ = £ v, (&Y




. Lt" /5' AJS “Me e ”w/c (-8 31’2‘* v;.(c.na e’ W‘.m (o‘efr’ecof

Wo ve éu/l.; %A) #(;_(\) / enua7 e
(&
LO; Wu‘, h Iz?l\g‘;%g H = Z—%\ + V ,Z‘)

° w (s agc}} o 8°°‘( B(ﬁ slak.' ~ CGAAieq gun‘ﬁb,\’

/ Qo t(x) T: =
( (K)> Z. e‘k d ‘HK-R') u;;:;—;‘
Ten Sy & .
(Shs@es Y2 (e )= e KR "f&*(z‘)) Coopontank |
K
[ +8@-%1
We Rove L%, (%) = M-L L e i\:ﬂf'ix *(2- 2) $R-47

——

j dx &“(X-nex) &)

-(‘?,A ¥_‘ - =\
- Z e " J.(si" Cb()(- n ) b(")
N
~ l OV&‘(a.f oe (:"m/‘ QOI\C(‘Q“S
kRS sepeakd @y R
-+ ) e « (2 r
+

nto
N EA -
G (Mo = €S + L & AJJ,:p (27 e
(¥ R EA

AV
NH‘;\/ (x-"‘ j"(\’z‘ ¢ (’?’AV@
i ,\&.o T

= € <tf&wx> +Ae + Z: -'E?X(&‘\



...'(z\.d =
Crellged _ g o Bet Lm0

Em.aa7 “K = <1(“tr N K4 —
“ H—Z e “x@
¥ LA L
oL &K¢ s
r g+bg+ T e (YR - &) Ac)
Ats

EKM(“ S. o“e-fl_x) CP(K‘) 4>(h aad <ﬁ Neal.
Alse  assome < ¥ only sl @M Aenest Neizfbens.

K(K‘) < Joc? cF(;Z"- ») <(>(><) = oL(-— A\
Y(FE) = YA Re @ vE)- V(")(MVM,,
t

b

7=t ol yancy )
ik / + L(,ZC

EK = |+ Ag/+ e (X‘—\-‘ - K;Af) + e (K-x‘:&e)

. Geoo( &(r’\&x“”—-c""’n l'e /’“1) -e-....‘ e(-msa’ 'f'm,‘a( wriil ‘0%
20&87 Q,..‘,A.(s“lr.["g )

Linean con@indinn R abomic  onBibls (L CA0)

Na.

(2 u\o;al ‘em(,?. AWM}«M& Sdubien as



Vauu'«"\'bfx..( on 5.‘(1- ‘ Mp e Ek-; ~ '<('f'p( ‘ H (1{“>
<1(K ' zﬁ()

—(_‘

NALDEDN L .. c e L/J:‘?c# (-7 g, (=)

AEAN An
(..\

(Jnb s 325 hn o &g.\)’

<’HK( al |4ﬁ<> = I:

4
EN An

2 )R C> G, € 2 (E . R‘)+ ‘(n/n,(ﬁ‘)}

N EA N’

Akt)'c‘x& (X - (H&“+AV)¢(

Ve . (s B e

Qe Cudty 6w NATEE
=) L[ -‘Kh ,\ r('\’ -F( En)ﬁn,n,(ﬁﬂq,—.o
x‘e/\ s
— l
Hﬂ / (K‘) : ’h“h;k e(amvgchn
,’\ “’Ja O el

a‘d \I-juc



P{(wp pmf: 2k
N (R\) - D £

dek M

——

4
- :‘} z m-= |

p e-d-m-.(s Cn—\(k

Sl on-

—

Y




