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I. CRISTAL-LOGRAFIA

Xarxa de Bravais:
R =nja; +nsas +ngag n; €7
Cel-la primitiva: unitaria de volum minim.
Vp = lai - (a2 x a3)|

Xarxa reciproca: {by,bs, b3}

G = k1by + kobs + ksbs k; € Z
b1:2ﬂ'm b2=27‘(’a3xal b3:2ﬂ'alxa2
P P p
bi ~aj :6ij exp(iG-R) =1
2 2
VP

Funci6 n(r) amb la peridocitat de la X.D.
, 1
n(r) = XG:nGe’G'r neg = Vc/an(r) exp(—iG - r)
c

Plans Cristal-lins
2
G = hb; +kby +1bs |G| = %
Xarxes Cubiques:
Ctbica simple (sc): 1 nus/cel-la conv. V = a?, 6 1rs. v.
2m

b; = —e;
J a J

a; = ae;,

Cubica centrada a linterior (bcc): 2 nusos/cella conv.
V, =a%/2, |a;| = av/3/2, 0;; = 110° , 8 1rs. v.

a a a
a; = 5(—X+Y+Z)a ay = §(X—Y+Z)a az = §(x+y—z)
27 2m 2m
by =—(y+z), by=—(x+2), by=—(x+y)
Cubica centrada a les cares (fec): 4 nusos/cel-la conv.

V, = a®/4, |a;| = av/2/2, 0;; = 60° , 12 1rs. v.

a a a
a; = §(Y+Z)a ag = §(X+Z)7 az = §(X+.Y)

2 2 2
by = ?”(—x+y+z)7 ay = f(x—yﬂ), b; = ;W(XJFY—Z)

Altres xarxes:
Hexagonal: V,, = a%c\/3/2

a
a; = ax, ag = §(x+ V3y), as = cz

2w 47 2
b1:a73(_}’+‘/§x)7 b2:mya b3=7Z
d= a4
V302 + k2 — k) + %12
Base 2 atoms:
a;+az ag
ri=0 r,= —

3 2

II. DiFrrAcciO ELASTICA

Llei de Bragg
2dsin @ = nA

Amplitud de dispersio:

F = /an(r)ei(kfk')T — Z/danei(GfAk)-r
Gy

\%4

Condici6 de difraccio:
Ak =G

Llei de Laue:
2%k - G = G?

Factor d’estructura i de forma atomica

Sa = /an(r) exp(iG -r) = Ze*ic'rj /anj(p)e*iG'p
J

C C

fi= [ avn(ppe P
C

SG _ Z fje—iG»rj
J

Exemples:

1 sola espécie: S = f

2 espécies diferents: S = f1 + fo exp(—inl)

2 espécies iguals: S = f[1 + exp(—inl)], ext. si [ senar

B.C.C.

1 especie: S = f{l+4exp[—im(h+k+1)]} cal que h+k+1 parell.
F.C.C.

1 espécie: cal que index mateixa paritat

S = f{l+exp[—in(h+ k)] + exp[—in(h + )] + exp[—in(k + )]}

III. GAs DE FERMI. TEOREMA DE BLOCH

Gas d’electrons lliures:

ios(1) = —= explik 1) B = 1K
s(r) = —=exp(ik - 1 =
ki 77 P X2 m, k=
Dens. espais ocupats en espai k:
lestat L
(2r/L)3  8x3
Estat fonamental:
4T v N k3
N=2(—k)|— =_—=_£
(3 F) <87r3> PV = 32

N 1/3 ! B2 (
krp = <37r2V> = (37r2p)1/3 Ep = %(SWZ;))QB
' Frewe v 3
Eior = 2/Ekade = 2/ ——drk*dk = =NEp
0

2m 873
0



Estats excitats:
1

f(EvT) = W

L (mksT 2
3\ 2Ex

Densitat d’estats D(E):

V 2m | ¥/2 1/2
dN:(W)(2> E'2dE

D(E)AE = D(k)dk = —

Numero de particules:
oo
N = /dED(E)f(E)
0

Energia interna i capacitat calorifica:

® 2
AU = /dEED(E)f(E) - gNEF ~ —(kgT)?>D(EF)
0
_d(AU)  #? 9 7w (kpT
= a7 ?kBT D(EF> = 7 7}?‘ Nkp

Teorema de Bloch

V()= Z Vaexp(iG-r) Vg = L /drV(r) exp(—iG - r)
G .

i (r) = e*Tup(r) = 3 Ci_ge' T
G

{h2|k—G|2

— Ex| Cy— Var-aCk-a =0
om k}kG‘FZG clk-G

G/

Electrons fortament lligats:
1 ik-r;
r)=—>» e“Q(r—r,
Ui (r) Wi Ej (r—r;)

Bandes: 4
Ek)=E)y—a—v Zelk‘pm

Superficie de Fermi:
E,.(k)=Fp

2n orbitals per banda.

VI. DINAMICA DELS ELECTRONS DE BLOCH

Model semiclassic
Velocitat de grup

_ !

vp(k) = =V E,(k)

h k=ko

Eq. moviment espai de vectors d’ona:
dk
F=h—
dt

Evolucié temporal en preséncia de camps:

dk

ha = —e[€ + vu(k) x B]

Corrent eléctric .
je = —eve(ke)
Massa efectiva

3
1 0’FE 1 1 0°FE
“ h? ; 0 z@k] J (m*)” h? 8/@31@

IV. CONSEQUENCIES DEL TEOREMA DE BLOCH

VII. MOVIMENT DELS IONS. FONONS

Model de Xarxa Buida:
, h2
Va=0  ¢u(r) =Crge'® 9T B _g=—|k-GJ?
2m
Electrons quasilliures:

Pk (r) = ch_Gei(ka)-r k? ~ |k — G‘z
G

No degenerat: _
¢k(r) — C«k_Gei(k—G).r

[Var|?

h2
E(k-G) = %|k—G|2+VO+ Y =

1D; base monoatomica

C ov
V= o \Us — Us 2 Fy=— =C s s—1 — 2us
2:2(16“ Ug) Du. [Ust1 + us—1 — 2u]
Us ($7 t) _ uei(lm—wt) — uei(ksa—wt) w = g sin (ka) ’
m 2

Soluci6 general i velocitat de grup:

us(x,t) = ZAke"’(ks“_“’kt) Vg = —
k

2
G/'#0 2m k- G]? - 2%|k — G — G2 Velocitat de fase, velocitat del sol i wWax:

Degenerat (x2):

h2
FEy=—|k—-G*+|Vg|
2m

UfZ

C
a\/ —, Uso =

w‘ dioJ
k k-0 m dk

1C [4C 2ug,
=a\/ —, Wmax = - =
k—0 m m

D branques acustiques, Dp — D branques optiques.




1D; base diatomica

Fus = C[Us + Vs—1 — 2”3] Fys = O[Us +us—1 — 27}3]

9 m+ M
=C
v mM

mM mM

9 1/2
(m+M> 22— cosk;a)]

w4 @ branca Optica, w_ : branca acistica

k—0
e M\ 2 /o \1/2
w+(k)%\/20( 7 ) w_(k) =~ (m—KM) ka
k— +7/a

2C 2C
Wy = E w_ = M

3D, base monoatomica
Fs,a - _ZZ¢(1,B(S7T)UT,B aaﬁ S {x,y,z}
rop

9*V d?u, 4
b= s e =~ b

det[dap(s,7) = mrwSsdag] = 0 uy(t) = AellRee

A. RELacioNs UTILs

, x3 x?
sin(z) = x — 37 cos(z) = 1— >
. 77 77 .
sin (5 + x) = cos(z) cos (5 + x) = —sin(z)

sin(a + B) = sin acos 8 + cos asin 8

sin(2a) = 2sinacosa  cos(2a) = cos? a — sin? a

sin?(a) = %[1 —cos(20)]  cos?(a) = %[1 + cos(2a)]

sina+sin6:2sina+ﬂcosa_ﬂ
2 2
sina—sinﬁ:2cosa+ sina_/B
2 2
cosa+cosﬂz200sa+ﬂcosa76
2 2
cosa—cosﬁzQsina—gﬁsina;B

sinasin 8 = %[cos(a — B) — cos(a + )]
cosacosff = %[cos(a — B) + cos(a + B)]

1
sinacos 8 = i[sin(a — B) +sin(a + 8)]
2 2
——4n® ~ 150 eVA

Me

2?2z +c2=0 — xi%j{lj: 1—_52
J



