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e Band theory (cont.)

e Quantum statistics

Reading Assignment: Chapter 6.1-6.2

Homework Assignment #01:
Chapter 5: 18, 20, 21, 23, 24, 26
due Wednesday, January 23, 2013
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Dirac comb solution

The general solution is one we have seen already and in the cell

immediately preceeding the origin, we can write the solution using Bloch's
theorem

P(x)= Asin(kx) + Bcos(kx), (0 < x < a)
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Dirac comb solution
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The general solution is one we have seen already and in the cell
immediately preceeding the origin, we can write the solution using Bloch's
theorem
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Dirac comb solution

The general solution is one we have seen already and in the cell
immediately preceeding the origin, we can write the solution using Bloch's
theorem

P(x)= Asin(kx) + Bcos(kx), (0 < x < a)
Y(x)= e K [Asink(x + a) + Bcos k(x + a)], (—a < x <0)
continuity at x = 0 gives

while there is a discontinu- g — ¢=/Ka [ Asin(ka) + B cos(ka)]

ity in the derivative , 2
— e 2k [Acos(ka) — Bsin(ka)] = s Jutdliad

rearranging the continuity h2
equation, substituting for A, Asin(ka) = B elKa _ cos(ka)
and cancelling B
[e'Ka — cos(ka)] _ika, [€? — cos(ka)] CiKa 2ma
= —e M= k. Mk sin(ka) = ——
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Dirac comb solution
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Dirac comb solution
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Dirac comb solution

[eiKa — cos(ka)] _iK [eiKa — cos(ka)] —iKa - 2ma
= 7 MUe\R4)l I ak— k. ! ak ka) = ——
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_ , . 2
[eKe — cos(ka)][1 — e~ cos(ka)] + e~ sin(ka) = cna sin(ka)

h2k

C. Segre (lIT) PHYS 406 - Spring 2013 January 16, 2013 4/7
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Dirac comb solution
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Dirac comb solution

[e/Ka — cos(ka)]
sin(ka)

[eKa — cos(ka)][1 —

e'Ka _ cos(ka) — cos(ka) + e~

C. Segre (IIT)

—iKa [eiKa — cos(ka)]

sin(ka)

e K cos(ka)] + e~ sin?(ka) =

2 cos®(ka)
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Dirac comb solution

[eKa — cos(ka)] 4, [€® — cos(ka)] —iKa 2moy
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Dirac comb solution
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Dirac comb solution

[e/Ka — cos(ka)] _ika, [€™? — cos(ka)]

. 2ma
— LAt Shais | k —iKa cin(ka) =
sin(ka) © sin(ka) coslka) +-e (i) n?
_ ) . 2m
[eK? — cos(ka)][1 — e~ 'K cos(ka)] + e~ sin®(ka) = ok sm(ka)
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Dirac comb solution

[e/Ka — cos(ka)] _ika, [€™? — cos(ka)]

. 2ma
o L S k 7IKak i k = —
) (k) costie) e THintia) =
_ ) . 2m

[eK? — cos(ka)][1 — e~ 'K cos(ka)] + e~ sin®(ka) = ok sm(ka)
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. . 2ma
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Dirac comb solution

[eiKa — cos(ka)] _iK [eiKa — cos(ka)] —iKa - 2ma
e — COs(Rd)| iKay l> =7 79)] k Inaj ka) = ——
Snlk) ¢ i) ) e Tt = T
_ ) . 2m
[eK? — cos(ka)][1 — e~ 'K cos(ka)] + e~ sin®(ka) = ok sm(ka)
eiKa _ cos(ka) B cos(ka) + o~ iKa COS2(ka) 4sin (ka) % Sin(ka)
, ; 2
e — 2 cos(ka) + e 7 = h’;f sin(ka)
_2m
2 cos(Ka) = ok ma sin(ka)
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Dirac comb solution

[e/Ka — cos(ka)] _ika, [€™? — cos(ka)]

; 2mao
_ | S S 2 | k 7IKak in(ka) = =———
sin(ka) ¢ sin(ka) cos(ka) + e sin(ka) h?
_ . . 2m
[eK? — cos(ka)][1 — e~ 'K cos(ka)] + e~ sin®(ka) = ok sm(ka)
e'Ka _ cos(ka) — cos(ka) + e~ cos?(ka) + ?5in?(ka) = % sin(ka)
; 2mao
K. —iKa _ :
@ —2cos(ka) + e = h2k sin(ka)
2m
2 cos(Ka) — 2 cos(ka) = =0 sm(ka)
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Dirac comb solution

o] _ o L — ot o) 1 ek sinh) = 2
[eK? — cos(ka)][1 — e~ 'K cos(ka)] + e~ sin®(ka) = 2h2k sin(ka)
e'Ka _ cos(ka) — cos(ka) + e~ cos?(ka) + ?5in?(ka) = % sin(ka)
Ka _2cos(ka) + e o = h’;f sin(ka)
2 cos(Ka) — 2 cos(ka) = 2?12/( sin(ka)
cos(Ka) = cos(ka) + —— sm(ka)

h2k
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Dirac comb solution

o] _ o L — ot o) 1 ek sinh) = 2

[eK? — cos(ka)][1 — e~ 'K cos(ka)] + e~ sin®(ka) = 2h2k sin(ka)

e'Ka _ cos(ka) — cos(ka) + e~ cos?(ka) + ?5in?(ka) = % sin(ka)
— 2cos(ka) + e K7 = 2};5 sin(ka)

2 cos(Ka) — 2 cos(ka) = 2}_le sin(ka)

cos(Ka) = cos(ka) + —— h2k sm(ka)

letting z = ka and 8 = maa/h? we
simplify
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Dirac comb solution

o] _ o L — ot o) 1 ek sinh) = 2

[eK? — cos(ka)][1 — e~ 'K cos(ka)] + e~ sin®(ka) = 2h2k sin(ka)

e'Ka _ cos(ka) — cos(ka) + e~ cos?(ka) + ?5in?(ka) = % sin(ka)
— 2cos(ka) + e K7 = 2};5 sin(ka)

2 cos(Ka) — 2 cos(ka) = 2}_le sin(ka)

cos(Ka) = cos(ka) + —— h2k sm(ka)

letting z = ka and 8 = maa/h? we
simplify cos(Ka) =
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Dirac comb solution

[e/Ka — cos(ka)] _ika, [€™? — cos(ka)] CiKa 2ma
L S I ak— k 1 ak k - _
sin(ka) ¢ sin(ka) cos(ka) + e sin(ka) h?2
. , , 2m
[eK? — cos(ka)][1 — e~ 'K cos(ka)] + e~ sin®(ka) = ok sm(ka)
e'Ka _ cos(ka) — cos(ka) + e~ cos?(ka) + ?5in?(ka) = % sin(ka)
; 2mao
—iKa __ .
— 2cos(ka) + e = h2k sin(ka)
2m
2 cos(Ka) — 2 cos(ka) = th sm(ka)
cos(Ka) = cos(ka) + —— th sm(ka)
letting z = ka and 8 = maa/h? we
simplify cos(Ka) = cos(z)
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Dirac comb solution
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Dirac comb solution
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Dirac comb solution

Since | cos(Ka)| <1, the shaded re-
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Dirac comb solution

sin(z)

V4

cos(Ka) = cos(z) +

+1

Since | cos(Ka)| <1, the shaded re-
gions contain the only valid solu-
tions and are called “bands”

the “gaps” are forbidden energies,
whose values of k are not allowed

since K = 2mwn/Na is quantized
(n=0,£1,£2,...), so are k and
E in the allowed intervals

there are N allowed states in each
band but the the energies are nearly
continuous since N is very large

the bands and gaps are able to ex-
plain the properties of metals, semi-
conductors and insulators in a sim-
ple way
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Quantum statistics

How does quantum mechanics affect our development of statistical
mechanics?
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bit easier to enumerate
e Must treat distinguishable particles, fermions and bosons differently
which makes for more complication

Example: 3 particles in a 1-D infinite square well
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Simple example

The possible states for the
system are
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