Kronig ‘Penne;y Moadel :

(not on exam 4.)

(application to Solid State Physics)
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Vo 5 4 £ s0ena)

Let ’LP(”%') = A, sinR(x%-na) + Bacosk (Xx-na)
for (n-1)a £ x < no.

The bou,ndar}/ conditionsat X=rL are:
'LP (na) = Bn, = An+ Sin k(—kw) + B+ Cosk (- 0‘)
Yna) = P (na7) = Anei keos(-ka) + B, (k) sink - o)

a 7=

- - A4 sin(ka) + Bn+ Cos(kRa) = Bn
An+ Cos (Ra)+ Bn+1 S1n (ka‘) = Ary f'h_’\_Bna
oL

Let g= N ka.
(-51‘;';()?0,) cos (ka) )(An+;)=( o 1 (An )
cos (Ra) sinl(ka) oy 1 9 B
(Am—l) = (—Sfﬂ (ko) cos (ka) ) o 1 ) (An
, Bn.H COS(kQ/) Sin [ka) 1 ﬂ Bn

= ( cos (ko) -Sin (ka)+9cw(/w~)>(4n
sin (Ra) cos (ka) —i—asin (ko.)
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Since this is ruwe for anry n,
(o) =" (6r), (Ar2) =" (80)

(Amz) (én) and in 3e:mra,L)

n+2

(fom )< M7 () and (Gn) < 177 (o)

nt+m

On physical grounds we do not want (An) to

dwa.f e5 asS nNn—=>0 por as§ n->=-00, T he Wava“)[uncl'lon,
would not benormalizable If i+ did dv verge-

jDé‘/'efmina the 21'860'7\/0,/»4.2«5 of M+

M) = MED

L

- (M~/\j]_)(§:) =0 —> det(M-AL)=0.

.‘ ) 584n valuwe
atgenvec;l-or

cos(Ra) - N —sin(ka) +g cos (ka) }z_
sinlka) Cos(ka.)-f-a &;n(ka)—/\,

= Cos *(ka) + g sin(kal)cos (ka) /\(Zcos(kahg sin(ka)) "y
+ sin*(ka) —gs«m(ka)coséka«)

9 O=/\ “/\[Zws (ka)“f'gg—,'n[ha)) + 1
> A= 2coslka)sgsinlkad T/Q as(ka)tasin(ka)) =4
,. 2




et &= cos(ka) + 9 sinlka) .
Z
Then A= /«?-1 .

Cased: I1xX1<1 A= <ti/1-x* | |

=
, 1 1=

CaseZ*: lal=1 , A=
Case3: |xl>4 A= Xt /%1
| Since [ X[ >y ot=1 , orve 2l

ge rv valwe has

IANM>L and one has | N <L .

>

Case 3 is not ph)/si cal Since [An
as either nso00 or Ny -00 ; Bn

(g) - (2)

C, Co

, Remember/ng that 9:};’2‘&’_ , 1f we plot
X =

) wll df'verae

cos(ka) + 9 sin(ka) vs. R, there will
2k a)

Orbly be solutions for X< 1.

As shown. on the foliowin page , there are
gaps near Ra = nir., At Fhese points Cos(Ra)=%1

X : , 7
and Sin s changing Sign~so the ma nit+wde of %
munst be b;“gger than 1L ¢ither for Ra>nm or Ra<nTr.
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:V.Na‘f’e "H)a.gaP occur o the r:gh—f of 6 =nT (See arrows ).



What is +ie signiﬁ'z:an(,e?

Inea perio dic po+e.n41'al there are aps or
regions of forbiddzn znargy- The. fagions
b tween the gaps are calied bands.

When you £ril wp the states in a solid W/elac-f'ronsj
f the’ yow just f/il a bandwp, then the next empty
State will reguire an energy Ej. If ECI >> haTJ |
You will 3@1’ an inswiator.
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Solutions to the Kronig—Penny model forA = 3
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energy in units of h2/(8ma2)
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Energy Dispersion for Kronig—Penney Model
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