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Consider a particle:
E’=p’c®*+mic*:E=hw:p=rk
Then:
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differentiate with respect to k:
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But:
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We thus have:
VoV =C’
In @ medium characterized by n(w) we have :
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but in a material we have:
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note that if dn/dw is negative and sufficiently large, v4 can exceed c but the
energy propagation is governed by the front velocity which is bounded by c.
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