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In terms of the usual 3-D spherical-polar coordinate system’s polar and azimuthal angles
gdand ¢, respectively it is straightforward to show that:
cos®_ =sindcosg,

cos®, =sindsing and
COS®, =cosd, ie. that © =6.
Likewise, the wavevector k = k.x+k,y+k.z hasits own direction cosines:

cos®, =kei=k, [\ K2 +k2+ k7 = —k Jk,
cos®, =kej=k [\ K2 +k+k> =k [|k|=k, /k and
c0s®, =kez=k [k +kP+k = —k Jk.
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Note again that: |kk| =cos*®, +cos’@, +cos’©, =1.

If we were to |mag|ne 1-D complex monochromatic traveling plane waves propagating in the

~

k. =%x, ky =+y and k = +z -directions we would describe each of these mathematically as:

Aez (ut+k x

)} =
)= e

Prop. in k. = +3-direction: 77, (F.t) = A{cos(wrt Tk x)+isin(wt T k.x)

Prop. in k, = +j-direction: 7, (7,¢) A{cos(a;t;k y)+isin(otFk,y

Prop. in k, = +2-direction: g7, (7.t)= A{cos(wt Tk z)+isin(at ¥k z)} =A™

From these relations, noting that k«7 = (k& +k,3+k.2)(xX + yp+22) =k x+k y+k.z,
we can generalize to the case for a complex monochromatic traveling plane wave propagating
in an arbitrary direction k= (k x+k y+kz /‘ ‘ kx+k Vtkz /k in 3-D space:

Prop. in k-direction: v (7,t)= A{cos(a)ﬁr k-?)+isin(wt¢k-?)} = 4

The above expression for a complex monochromatic traveling plane wave propagating in an
arbitrary direction & in 3-D space is an appropriate description for a complex scalar field
— e.g. complex pressure p(7,t)— because scalar fields y7(7,¢) at each/every space-time point

(F,t) have no explicit direction associated with them, other than their propagation direction k.

We can also easily generalize the above complex scalar traveling wave description 1,17(17 : t) to
describe 3-D complex vector monochromatic traveling plane waves propagating in an arbitrary

direction % in 3-D space — e.g. complex particle displacement E(F,t), particle velocity

ﬁ(?,t)and/or particle acceleration E(F,t). We can mathematically describe “generic” 3-D
complex vector fields e.g. in Cartesian / rectangular coordinates in the following form:

v (Ft)=g (F.t)x+g, (Ft)p+y. (F1)2
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