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HHOO65  fhonond and Debye. Theory
Fhonons are quanteun version of oownd waves, Just Cike photons
are quanhzed EM waves. TO terclerytand the " Maxwell ec;."

Br phorons, Lt (s helpfell lo start with 1D chain first:

' 9" maaM
@D Ore dimendional chain 8 WW@_W@W
The Hamillonian r & 1D Chaun \ tSanBmT
With N parhiddes Connecled by Xa=ha
; ; N 2

Springd o E_/=Z=:, _Zf;/l_o__-;- 'ZLK(‘?n+r<?A)
Aocord,(‘r@ To dardica® mechanics, eguations of motion are
o x A oH _ _/ I _ 4

=% & 55 "R " =% R(9:%,:% )R

Combine both 2ets 2?@2#\6/* lo eiminate pn,

beComes wave equaton
M C? + K (2‘? b Wk A = 07 the conhinuoced Cimit.
(Qan you findd Vg here @)

The above eguation can be rlved by Fowmer frenxtzm,

: k
’ 0= {—/—\I_L_ = Q Gcéx,, Xn= NA —v <elibricen poditions
-cbx R= Q—fg—r —> quanrtized wave
Q=7 2 I e
& F number fiom penodiic B.C..

X1 X1

2727‘81\1_650”64\‘ m]@)ﬂn, X éL %Tr—-bk—_zﬂlr
& F o Bt and L =Na
'Ifbg@‘/\?/‘ s decoupbes! e i ©

at different wavre reenberd 2

M@, + K (2-200ska’) @, =O e %Vﬁ“bbd:f e

ﬁ@(ﬁ)"Qbem%{t toco/rpaxg,%ef?ech\q/ @
ﬂ;ﬁﬁk&’-‘%ﬂ%(ﬁﬁ)ﬁﬁ%iﬁ%ﬁ




p2.
The. Comesponcling freguency Cs @, , Latifying the chamdtertc

A bit algebra brings wus to the ErneN resulf;
W 200, mox
W, = a)/

6= 200, / Sin ('QC‘/Q )'] \/\ ﬁezymcy
where W,= / fm . The » |

L, e k
speed of sawnd s the Xepe X ( c %
héeanr fb:o:

, Einear disperdion "O"'C/él
— . _& — — —
%— .gww y C%q Q M

One needda To be crrefaf
about mede couwntirg here.  We 30T with M-partic Sysfem
ard shoufel get exocty N roma modks. For singlicity

Qe N & qeo} coave ncanbem

D Wrere are the phorons? OK, we find N romma® medles, but
where are the prorons?  Rerfemm Feurier teearstm f3r both Gnand
P, =™ Q, and B,. Affer rome aloebr, the Homillonian
can be brought inte the dum of Norma® medes

LH’-‘ QJ/Q % B, )=+ Mol |qy ) 4§ BJ= Py arcl G- Rp

have be@nwd
Recall that EQA,Pm:Z=CKSNn. Becawre Founer teensf@mn

W\HW}’} the commudador remcaun Caron ezl
_ Ll viewed ad
CQ BT = Ay AN cacifledon with fTequepcied L, -

BISEE X BYIER (FTRREACEE




P3

Note that the Hamiltonian or pPhononws baxiaaly the dame ad
that Br photons . Bul, there & a fardkamental différence,
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I~ the Citerature, 4 > more Common To write. the climendionas
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