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Group velocity - 1

g Beat

@ A periodic variation in amplitude as a :
result of interference between two waves *' | |
of slightly different frequencies. e ANV A A A

@ Wave packet

g The velocity of the propagation of the S
periodic amplitude variation ——

g Phase velocity, v,: the velocity of the R e—
phase propagation of each wave S TAVATATAVASAVAVATAY | VATASAVATRY
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https://www.youtube.com/watch?v=5yiCA5eAcusé&t=0s




Group velocity -2

g Two waves (amplitudes are not omitted here):
D fi(x,t) =expli(kix — wqt)], folx, t) = expli(k,x — w,t)] (3.1.1)

g Superposition of two waves

D fx,t) = filx,t) + folx, t) = {cos[(k;x — w )] +isin[(kyx — w )]} +
{COS[(kzX — a)zt)] + i S|n[(k2x — (l)zt)]}
— 2c0s [(k1x_w1t):(k2x—w2t)] coS [(R1X—w1t);(’<2x_w2t)
(klx—wlt)'i'(kzx—wzt)_ (klx—a)lt)—(kzx—a)zt)]

+ 21SIn COS
2 i 2

(3.1.2)

(klx—wlt)—(kzx—a)zt) -i (klx—a)lt)+(k2x—(1)2t)]

:Zcos[ ; ]exp_ x

@ The factor of the cosine function: beat
@ The complex exponential function: phase
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Group velocity -3

q Beat: amplitude variation, f;,(x,t)

— — — u(x, t)
D fy(x,t) = cos [(klx wlt)z(kzx Wat) !

[Ak-x—Aw-t I N
— COS > ] _ f )

_Ak-x—i—(;:Ak-t
>~ cos .

Ak = ki —ky, Aw = w; — wo
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Phase velocity

g The oscillation within the beat from
Eg. (3.1.2)
D f,(x,t) =exp [i

(klx—(l)lt)+(k2x—(1)2t)
2

. (kq+k w1+w |
= exp |(1 2x — — zt)
i 2 2 |
. k1+k w1+w |
= exp |i— Z(x— . Zt)
2 kq+k;

@ Phase velocity

. +wy)/2 W
i1v. = (w1+w>) — g
P (ki+kx)/2 &k

§ w: average angular frequency

§ k: average angular wave number

(3.1.5)
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Dispersion relation

g Dispersion relation

D w=f(k) (3.1.6)
g Group velocity: v, = i—‘: (3.1.4)
q Phase velocity: v, = % (3.1.5)
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