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Phonons

.
Atoms form crystal but aren't fully fixed in place .

collective vibrations = Phonons
.

.

A lot of the physics at play here can Ce understood in

(d
, using classical physics .
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Name optical : typically A and B have opposite charges .
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TO - Ormond couples to light
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Those conclusions any over to d > 1
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@ Peienls transition
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@ Quantization ( focus on mono atomic chain
, generalization
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Plugging in tt
,

we get :
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decoupled harmonic oscillators
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. Note : Despite the nasty algebra ,
this calculation is entirely

straightforward .

Two steps :
( l ) Diagonalizing the potential

⇒ Normal modes
,

SAME as classical case !
,

(2) Quantize

( Same as single harmonic Oscillators since normal mode ,

decouple by definition ! )
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€ Field Theory

Focus on sound waves and take continuum limit :
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in 3d

Displacement fields : 4 ( II i. 4%2=1,2 ,
}

Isotropic crystal : Action depends on strain tensor
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General Solution :
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⇒ Similar to our lattice treatment
. . .




