Group Velocity in 2D N o
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In obtaining the expression for the group velocily in one dimension, we considered two
waves moving in the x-dircction with the same amplitude but slightly different wavenumbers
and frequencies. The 1D case is rather special in that the wave crests are parallcl.

We now consider two waves in (wo dimensions. The waves are again regarded as
having the same amplitude, but they have slightly diffcrent wavenumbess in both the x and y-
directions (i.c., they are not parallel) as well as having shightly different frequencies.
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The combination of the two waves can be expressed mathematically as follows:
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If we assume
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Therefore (1) can be writien

n cr o A1 0gaf, ewv ]}
Yo D (»{xr/y - }’[) (o> ( pYe {L)( - ;;‘Zf_”‘t}“f ol {7" oY tf)

s o (wyDen(Sx{r-ct)) O

where
3 40
b = /A”i A
~ ~ ——
. - FN T( 3
o = Skt t L]
i
A - . -
vo= xdedy

From (2), the phase of the carrier wave is constant if

K.r -v{ = constant
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where R =r cos 0, where 0 is the angle between K and r. Hence the phase speed is
¢ =(dR/ dl) phase of carrier constant = Y/ | (Lr )
The phasc of the envelope 1s constant il
r - t = constant vector
Hence the group velocity is
e = (A0 e of envetope constans = € = (3V/AK) T+ (IV/A1) § (5)

Note that the group velocity 1s a vector quantity.




