
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 ,  and  and those of the

Cartesian coordinate system as ,  and . The direction of propagation is chosen to be the 

direction which is specified by the angles  and . The polarization of the electric field vector  is

specified by the angle  being measured from  towards , and is denoted by the unit vector .

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

.

Figure 1  Specification of an incident electromagnetic wave.

Using this notation, the incident plane wave can be specified as
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  Ei
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where  is the position vector,  is the time, and  is the electric field waveform

function. The polarization unit vector  can be written as

, (2)

where  denotes the transformation matrix between the spherical and Cartesian coordinate systems:

. (3)

Thus, in Cartesian coordinates, the direction of the incident electric field can be written as

. (4)

The velocity vector of the wave can also be written in Cartesian coordinates as

, (5)

that is

. (6)
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