1. Transient Plane Wave

Here we discuss the specification of an incident plane wave using the coordinates shown in Figure 1,
where we denote the unit vectors of the spherical coordinate system as a,, ag and a, and those of the
Cartesian coordinate system as a,, a, and a,. The direction of propagation is chosen to be the —a,
direction which is specified by the angles 8 and ¢ . The polarization of the electric field vector E s

specified by the angle { being measured from ag towards a,, and is denoted by the unit vector e.

Assuming free space, we have u, and €,, and the plane wave propagates with a speed of

v, = (uoso)fl/Z ‘
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Figure 1 Specification of an incident electromagnetic wave.
Using this notation, the incident plane wave can be specified as

Et,r) = éE(t—v-r/IW) (1)



where r = xa, + ya, + za, is the position vector, ¢ is the time, and E,(-) is the electric field waveform

function. The polarization unit vector e can be written as

~ ~ ~ ~ ~ . A T

e = eactea,tea = cos({agtsin(Qay = [O cos§ sindRsph [&x a, &Z} > (2)
where R, denotes the transformation matrix between the spherical and Cartesian coordinate systems:

sinBcos¢d sinBsing cosO
Ropn = |cos@cosd cosOsing —sin@| - (3)
—sing cosd 0

Thus, in Cartesian coordinates, the direction of the incident electric field can be written as
T
e = [cosﬂcostbcos@— singsin{ cosOsindcosf + cosdsin{ —sinGcosd [&x a, &ZJ N C))
The velocity vector of the wave can also be written in Cartesian coordinates as
) ) ) ) T
V= va,tva,tva, = -va, = [—vo 0 0} R, [&x a, ;,ZJ , (5)
that is

T
v = onsinecostb —v,sinBsin¢ fvocos(ﬂ [&x a, az} . (6)
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