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The nonvanishing magnetic field components Hx andHz of the TE mode are found from Ey by
using (3.83) and (3.84), respectively. The mode field Ey in (3.113) is not normalized because it
extends to infinity in both positive and negative x directions. For all x, Ey in (3.113) is the
superposition of the incident, reflected, and transmitted fields resulting from two incident
waves: one from medium 1 that has a field amplitude of Ei1 ¼ ŷ cos ψ2e

iψ1=2 and a wavevector
of ki1 ¼ �h1x̂ þ βẑ, and the other from medium 2 that has Ei2 ¼ ŷ cos ψ1e

iψ2=2 and
ki2 ¼ h2x̂ þ βẑ. Note that (3.114) eliminates one free phase parameter so that the phase relation
between the two incident waves in the composition of the TE mode field is determined.
For the TM mode, the Hy field profile satisfying the boundary conditions that Hy and

n�2∂Hy=∂x are continuous at x ¼ 0 is

Hy xð Þ ¼ cos ψ2 cos h1x� ψ1ð Þ, x > 0,
cos ψ1 cos h2x� ψ2ð Þ, x < 0,

�
(3.115)

where the two phase factors ψ1 and ψ2 are related by

h1
n21

tanψ1 ¼
h2
n22

tanψ2: (3.116)

The nonvanishing electric field components Ex and Ez of the TM mode are found from Hy by
using (3.85) and (3.86), respectively. The mode fieldHy in (3.115) is not normalized because it
extends to infinity in both positive and negative x directions. For all x, Hy in (3.115) is
the superposition of the incident, reflected, and transmitted fields resulting from two incident
waves: one from medium 1 that has a field amplitude ofHi1 ¼ ŷ cos ψ2e

iψ1=2 and a wavevector
of ki1 ¼ �h1x̂ þ βẑ, and the other from medium 2 that has Hi2 ¼ ŷ cos ψ1e

iψ2=2 and
ki2 ¼ h2x̂ þ βẑ. The relation in (3.116) eliminates one free phase parameter so that the phase
relation between the two incident waves in the composition of the TM mode field is determined.

EXAMPLE 3.11
The glass plate with a refractive index of 1.5 at the λ ¼ 1 μmwavelength given in Example 3.10 is
now immersed in water, which has a refractive index of 1.33. Find the parameters of the radiation
modes at the water–glass interface corresponding to internal reflection at the two different incident
angles of 45� and 75�, respectively. What is the penetration depth of the evanescent tail into the
water if a radiation mode is found to be a one-sided radiation mode at a particular incident angle?
What are the phase shifts on reflection at the interface for TE and TM waves, respectively?

Solution:
In this problem, n1 ¼ 1:5 and n2 ¼ 1:33 so that the critical angle of the interface is θc ¼
sin�1 1:33=1:5ð Þ ¼ 62:5� and the Brewster angle for internal reflection is θB ¼ tan�1

1:33=1:5ð Þ ¼ 41:6� < θc. At λ ¼ 1 μm,

k1 ¼ 2πn1
λ

¼ 9:42� 106 m�1 and k2 ¼ 2πn2
λ

¼ 8:36 � 106 m�1:
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