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196 POLARIZATION AND CRYSTAL OPTICS

are the parametric equations of the ellipse,

g g2
T+~ 2008 gL wginZy, (6.1-5)
“x “y a_‘ay

where ¢ = ®, = ¢, is the phase difference.
At a fixed value of 2, the tip of the electric-
x-y plane, tracing out this ellipse. At a fixed

The state of polarization of the wave is determined by the shape of the ellipse (the
direction of the major axis and the ellipticity, the ratio of the minor to the major axis of
the ellipse). The shape of the ellipse therefore depends on two parameters—the ratig
of the magnitudes /=, and the phase difference ¥ = ¢, — ¢,. The size of the ellipse,

on the other hand, dyctermines the intensity of the wave J = (a2 +a§)/2 n, where 5 s
the impedance of the medium,

Linearly Polarized Light

If one of the components vanishes (avJr = 0, for example), the light is linearly polarized
in the direction of the other component (the y direction). The wave is also linearly
polarized if the phase difference ¢ =0 or w, since (6.1-4) gives &, = i(“y/“x)gp
which is the equation of a straight line of slope ta,/a, (the + and ~ signs correspond
0 ¢ =0 or =, respectively). In these cases the elliptical cylinder in Fig. 6.1-1(p)
collapses into a plane as iitustrated in Fig. 6.1-2, The wave is therefore also said to have
blanar polarization. If 2, =a,, for example, the plane of polarization makes an angle
45° with the x axis. If 2, = 0, the plane of polarization is the y-z plane,

Circularly Polarized Light

If o= +#/2 and 2, =2, =a,, (6.1-4) gives &, =a2qco8[2mv(r — z/c) + ¢.) and

&, = Fagsinl2mu(t ~z/¢) + ¢, ), from which &2 + &} =2}, which is the equation of
i ipti i mes a citcular cylinder and the wave

= +m/2, the electric field at a fixed

aid to be right circularly polarized.
to counterclockwise rotation and left circularly

}';}

e —

[ LN /)
4 avanv

fa} &)

Figure 6.1-1 (a) Rotation of the endpoint of the electric-field vector in the x- plane at a fixed
position z. (b) Snapshot of the tr.

ajectory of the endpoint of the electric-field vector at a fixed
time ¢.
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Figure 6.1-2 Linearly polarized light. i i
U . ght. {a) Time course at a fixed position z. (b) A snapshot
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Pgure 6.1-3 Trajectori .
phaac wave. (a) '}?:rt:tgﬁs: y :he g: dpoint of the electric-field vector of a circularly polarized
satation in (a) is opROSi at a fixed position z. (b) A snapshot (fixed time ). Th

pposite that in (b) because the traveling wave depends on ¢ — z /c © sense of

w light T
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Linear Polarizer
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(Fast Axis along
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Figure 6.1-6 Operations of the quarter-wave (m/2) retarder and the half-wave (#) retardet.
F and S represent the fast and slow axes of the retarder, respectively.

transforms a wave with field components (4, ,, A,,) into another with components
(A, e‘jrAly), thus delaying the y component by a phase T, leaving the x component
unchanged. it is therefore called a wave retarder. The x and y axes are called the fast
and slow axes of the retarder, respectively. By simple application of matrix algebra, the
following properties, illustrated in Fig. 6.1-6, may be shown:

®» When I’ = 7/2, the retarder (then called a quarter-wave retarder) converts

linearly polarized light |!| into left circularly polarized light 11, and
! . /)

converts right circularly polarized light [:] into linearly polarized light [i]

" When I = m, the retarder (then called a half-wave retarder) converts linearly
polarized light |}| into linearly polarized light _: , thus rotating the
Plane of polarization by 90°. The half-wave retarder converts right circularly
polarized light [:] into left circularly polarized light [_’J]

Polarization Rotators. The Jones matrix

T= [ g (619
Polarization Rotator

cos 8
represents a device that converts a linearly polarized wave [sin Bl
1

] into a liriearly

. cos §
polarized wave [sin 02 where 8, = 8, + 8. It therefore rotates the plane of polariza-
2

tion of 3 linearly polarized wave by an angle 8. The device is called a polarization
Fotator,
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