
EMF-Chapter 4 
Reflection and Refraction 

(Hecht 3rd edition) 



Given are two homogeneous lossless dialectic media, having 𝑛𝑖
and 𝑛𝑡 with a planar interface in between. We arbitrarily
choose the origin to coincide with that of the Cartesian
coordinate system.

There are a few ways to treat reflection/refraction but EMF theory considered to be the far more complete description

We consider a planar monochromatic incident wave 

having the form:   ഥ𝑬𝒊 = ഥ𝑬𝟎𝒊𝐜𝐨𝐬(ഥ𝒌𝒊 ∙ ത𝒓 − 𝝎𝒊𝒕)
travels within the plane 𝐴 located 
at 𝑧0. This plane is perpendicular to the interface plane 
and parallel to the 𝑦 − 𝑥 plane and 
hence, ഥ𝒌𝒊 has 𝑛𝑜 𝑧 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡. The beam with ത𝑘𝑖 hits 
the interface plane at point 𝑜, at an incident angle 𝜃𝑖 in 
respect to ෝ𝑢 , unite vector normal to the interface at the 
point of incidence. 

The reflected beam (ത𝑘𝑟) is redirected at angle 𝜃𝑟 back to the
medium 𝑛𝑖 in respect to ෝ𝑢 𝑎𝑛𝑑 is not a priory assumed
to be within plane 𝐴 (see Figure 4.36).

Figure 4.36: Plane waves incident on the boundary 
between two homogeneous, isotropic, lossless 
dielectric media (Heacht 3rd Edition, p110).

𝑨



Thus making no assumptions about the directions, frequencies, wavelengths, phases or amplitudes, the reflected and
transmitted (refracted) waves can be expressed as:

ഥ𝑬𝒓 = ഥ𝑬𝟎𝒓𝐜𝐨𝐬(ഥ𝒌𝒓 ∙ ത𝒓 − 𝝎𝒓𝒕 + 𝝋𝒓) and ഥ𝑬𝒕 = ഥ𝑬𝟎𝒕𝐜𝐨𝐬(ഥ𝒌𝒕 ∙ ത𝒓 − 𝝎𝒕𝒕 + 𝝋𝒕)

Where 𝜑𝑟 and 𝜑𝑡 are phase constants relative to ത𝐸𝑖 due to the fact that the origin is not unique.   Had the origin 
been placed in the incident point, then 𝜑𝑟 = 𝜑𝑡 = 0.

Next, boundary condition in EMF dictates that the tangential components of the electric fields across the two sides of 
the interface must be continuous. These tangential components, regardless the direction of ഥ𝐸 can be determined from 
the cross-product with ෝ𝑢 , that is to say:

ො𝑢 × ഥ𝑬𝒊 + ො𝑢 × ഥ𝑬𝒓 = ො𝑢 × ഥ𝑬𝒕 Or

ො𝑢 × ഥ𝑬𝟎𝒊𝐜𝐨𝐬(ഥ𝒌𝒊 ∙ ത𝒓 − 𝝎𝒊𝒕) + ො𝑢 × ഥ𝑬𝟎𝒓𝐜𝐨𝐬(ഥ𝒌𝒓 ∙ ത𝒓 − 𝝎𝒓𝒕) = ො𝑢 × ഥ𝑬𝟎𝒕𝐜𝐨𝐬(ഥ𝒌𝒕 ∙ ത𝒓 − 𝝎𝒕𝒕)

This equality must exist independent of 𝑡 𝑎𝑛𝑑 𝑟 and hence the EMF 𝐸𝑖 , 𝐸𝑟 , 𝑎𝑛𝑑 𝐸𝑡 must have precisely the 
same functional dependence on the variables  𝑡 𝑎𝑛𝑑 𝑟, 𝑤ℎ𝑖𝑐ℎ 𝑚𝑒𝑎𝑛𝑠 𝑡ℎ𝑎𝑡:

(ഥ𝒌𝒊 ∙ ത𝒓 − 𝝎𝒊𝒕) 𝒚=𝒃
= (ഥ𝒌𝒓 ∙ ത𝒓 − 𝝎𝒓𝒕 + 𝝋𝒓) 𝒚=𝒃

= (ഥ𝒌𝒕 ∙ ത𝒓 − 𝝎𝒕𝒕 + 𝝋𝒕) 𝒚=𝒃



Since this equality holds for any 𝑡 𝑎𝑛𝑑 𝑟, their coefficients must be equal, i.e.:

𝝎𝒊 = 𝝎𝒓 = 𝝎𝒕

Which is in agreement with the fact that the electrons within the medium undergoing forced 
vibrations at the frequency of the incident (driving) wave.  Similarly:

(ഥ𝒌𝒊 ∙ ത𝒓) 𝒚=𝒃
= (ഥ𝒌𝒓 ∙ ത𝒓 + 𝝋𝒓) 𝒚=𝒃

= (ഥ𝒌𝒕 ∙ ത𝒓 + 𝝋𝒕) 𝒚=𝒃
where ത𝒓 remains on the interface

From the left two terms we obtain:   (ഥ𝒌𝒊 − ഥ𝒌𝒓) ∙ ത𝒓 𝒚=𝒃
=𝝋𝒓

We previously proved that  the scalar product ഥ𝒌 ∙ ത𝒓 = 𝒄𝒐𝒏𝒔𝒕𝒂𝒏𝒕 𝑑𝑒𝑠𝑐𝑟𝑖𝑏𝑒𝑠 𝑎 𝑝𝑙𝑎𝑛𝑒 𝑡𝑜 𝑤ℎ𝑖𝑐ℎ ത𝑘 is perpendicular and is 
sweeps out by the end point of ത𝒓.   Hence, the vector (ഥ𝒌𝒊 − ഥ𝒌𝒓)
1. is perpendicular to the interface plane.
2. is parallel to ෝ𝒖 .
3. 𝑘𝑖 = 𝑘𝑟 since the waves, having the vectors ഥ𝒌𝒊 𝑎𝑛𝑑 ഥ𝒌𝒓, are in the same medium, 
4. has no component in the interface plane, i.e. parallel toෝ𝒖⟹ ഥ𝒌𝒊, ഥ𝒌𝒓 𝑎𝑛𝑑 ෝ𝒖 𝑎𝑟𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑝𝑙𝑎𝑛𝑒 𝑨 and hence:

5. ෝ𝒖 × ഥ𝒌𝒊 − ഥ𝒌𝒓 = 0 ⟹ 𝑘𝑖𝑠𝑖𝑛𝜃𝑖 = 𝑘𝑟𝑠𝑖𝑛𝜃𝑟 ⟹

Law of reflection:                               𝜽𝒊 = 𝜽𝒓



Next, from the left and last terms of:  (ഥ𝒌𝒊 ∙ ത𝒓 − 𝝎𝒊𝒕) 𝒚=𝒃
= (ഥ𝒌𝒓 ∙ ത𝒓 − 𝝎𝒓𝒕 + 𝝋𝒓) 𝒚=𝒃

= (ഥ𝒌𝒕 ∙ ത𝒓 − 𝝎𝒕𝒕 + 𝝋𝒕) 𝒚=𝒃
one gets:

𝑨

(ഥ𝒌𝒊 − ഥ𝒌𝒕) ∙ ത𝒓 𝒚=𝒃
=𝝋𝒕 ⟹

ഥ𝒌𝒊 − ഥ𝒌𝒕 ⊥ 𝒕𝒐 𝒕𝒉𝒆 𝒊𝒏𝒕𝒆𝒓𝒇𝒂𝒄𝒆 𝒑𝒍𝒂𝒏𝒆 and hence
ഥ𝒌𝒊, ഥ𝒌𝒓, ഥ𝒌𝒕 𝑎𝑛𝑑 ෝ𝒖 𝑎𝑟𝑒 𝑐𝑜𝑝𝑙𝑎𝑛𝑎𝑟, i.e. with𝑖𝑛 𝑡ℎ𝑒 𝑝𝑙𝑎𝑛𝑒 𝑨 and hence

ෝ𝒖 × ഥ𝒌𝒊 − ഥ𝒌𝒕 = 0 ⟹ 𝑘𝑖𝑠𝑖𝑛𝜃𝑖 = 𝑘𝑡𝑠𝑖𝑛𝜃𝑡 [24]

Introducing   𝑘𝑗 =
𝜔

𝑣𝑗
=

𝜔

𝑐/𝑛𝑗
𝑖𝑛𝑡𝑜 24 𝑦𝑖𝑒𝑙𝑑𝑠 𝑺𝒏𝒆𝒍𝒍′𝒔 𝒍𝒂𝒘:

𝒏𝒊𝒔𝒊𝒏𝜽𝒊 = 𝒏𝒕𝒔𝒊𝒏𝜽𝒕



Fresnel equations 



Fresnel Equations:

For any polarization of the incident, reflected and transmitted 
(refracted) waves,  their electric field can be separated into the 
components which vibrate normal (s) and parallel (p) (within) to the 
plane of incidence.   

Case 1: ഥ𝑬 𝒊𝒔 normal (𝒔 𝒄𝒐𝒎𝒑𝒐𝒏𝒆𝒏𝒕) to (and ഥ𝑩 within) the plane
of incidence:  

𝑘 × ത𝐸 = 𝑣 ത𝐵

Due to the continuity of the tangential components of the E-field, we have 
everywhere at the boundary at any time point (we arbitrarily choose that
𝐸𝑖 , 𝐸𝑟, 𝑎𝑛𝑑 𝐸𝑡 are all directed towards the reader at the interface) and 
remembering that at the interface all cosines are equal to one):

𝑠 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡𝑠 𝐸0𝑖 + 𝐸0𝑟 = 𝐸0𝑡 [25]

Recall that:  𝐸 = 𝑣𝐵 𝑎𝑛𝑑 𝑡ℎ𝑎𝑡 ത𝐸 ⊥ ത𝐵 ⊥ ത𝑘, 𝑡ℎ𝑎𝑛:

(Hecht)

Plan of incidence

The relevant ഥ𝐸 and ത𝐵 fields 𝑎𝑛𝑑 ത𝑘𝑠 are depicted in the upper panel of 
Figure 4.37.   In the following, the ratios between the amplitudes will be
analyzed, subject to the boundary conditions discussed above.   



Recalling the boundary conditions for the tangential 𝑝 components of 𝐻,𝐵:

For 𝑖𝑓 = 0, ∆𝐻𝑇 = 0 ⟹
𝐵𝑇1

𝜇1
=

𝐵𝑇2

𝜇2

−𝐻𝑖𝑐𝑜𝑠𝜃𝑖 + 𝐻𝑟𝑐𝑜𝑠𝜃𝑟 = −𝐻𝑡𝑐𝑜𝑠𝜃𝑡 +,− are in respect to the increasing x

In biological and dielectric media:     𝜇𝑖 = 𝜇𝑡 ≅ 𝜇0 and recalling that:  𝐻 =
𝐵

𝜇
=

1

𝜇

𝐸

𝑣
=

1

𝜇

𝐸

𝑐/𝑛
=

𝑛𝐸

𝜇0𝑐

and introducing  𝐻 =
𝑛𝐸

𝜇0𝑐
in [26] and realizing that:  𝜃𝑖 = 𝜃𝑟 𝑎𝑛𝑑 𝑛𝑖 = 𝑛𝑟 one gets for the 𝑠 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡𝑠 𝑜𝑓 𝐸:

𝑛𝑖 𝐸0𝑖 − 𝐸0𝑟 𝑐𝑜𝑠𝜃𝑖 = 𝑛𝑡𝐸0𝑡𝑐𝑜𝑠𝜃𝑡 26

𝑎𝑛𝑑 𝑡𝑜𝑔𝑎𝑒𝑡ℎ𝑒𝑟 𝑤𝑖𝑡ℎ 25 , 𝑖. 𝑒. 𝑬𝟎𝒊 + 𝑬𝟎𝒓 = 𝑬𝟎𝒕 , one constraucts the following 𝐹𝑟𝑒𝑠𝑛𝑒𝑙 amplitude 𝑟𝑎𝑡𝑖𝑜𝑠:

𝒓𝒔 = 𝒓⊥ ≡
𝑬𝟎𝒓
𝑬𝟎𝒊 𝒔

=
𝒏𝒊𝒄𝒐𝒔𝜽𝒊 − 𝒏𝒕𝒄𝒐𝒔𝜽𝒕
𝒏𝒊𝒄𝒐𝒔𝜽𝒊 + 𝒏𝒕𝒄𝒐𝒔𝜽𝒕

𝑎𝑛𝑑

𝒕𝒔 = 𝒕⊥ ≡
𝑬𝟎𝒕
𝑬𝟎𝒊 𝒔

=
𝟐𝒏𝒊𝒄𝒐𝒔𝜽𝒊

𝒏𝒊𝒄𝒐𝒔𝜽𝒊 + 𝒏𝒕𝒄𝒐𝒔𝜽𝒕
Where, 𝑟⊥ 𝑎𝑛𝑑 𝑡⊥ denotes the 𝒔 amplitude reflection and transmission (refraction) coefficients respectively. 



Case 2: ഥ𝑬 𝒊𝒔 p𝐚𝐫𝐚𝐥𝐥𝐞𝐥 (𝒑 𝒄𝒐𝒎𝒑𝒐𝒏𝒆𝒏𝒕) to (and ഥ𝑩 normal) the plane of incidence:  

𝑝 𝐸0𝑖𝑐𝑜𝑠𝜃𝑖 − 𝐸0𝑟𝑐𝑜𝑠𝜃𝑟 = 𝐸0𝑡𝑐𝑜𝑠𝜃𝑡 [27]

𝑝; 𝜃𝑖 = 𝜃𝑟 𝐸0𝑖 − 𝐸0𝑟 𝑐𝑜𝑠𝜃𝑟 = 𝐸0𝑡𝑐𝑜𝑠𝜃𝑡 [28]

𝐻𝑖 +𝐻𝑟 = 𝐻𝑡 [29]𝐹𝑟𝑜𝑚 𝑡ℎ𝑒 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑎𝑖𝑡𝑦 𝑜𝑓 𝐻𝑝:

𝐴𝑔𝑎𝑖𝑛, 𝑟𝑒𝑐𝑎𝑙𝑙𝑖𝑛𝑔 𝑡ℎ𝑒 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛: 𝐻 =
𝐵

𝜇
=
1

𝜇

𝐸

𝑣
=
1

𝜇

𝐸

𝑐/𝑛
=

𝑛𝐸

𝜇0𝑐
𝑎𝑛𝑑 𝑠𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑛𝑔 𝑖𝑛𝑡𝑜 [29] one gets :

𝑛𝑖 𝐸0𝑖 + 𝐸0𝑟 = 𝑛𝑡𝐸0𝑡 [30]

Again, due to the continuity of the tangential components of the E-field, we have 
(see Figure 4.38):

Dividing [28] and [30] by 𝐸0𝑖 , 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑛𝑔
𝐸0𝑟

𝐸0𝑖
𝑎𝑛𝑑

𝐸0𝑡

𝐸0𝑖
𝑎𝑛𝑑

𝑟𝑒𝑎𝑟𝑟𝑎𝑛𝑔𝑒 𝑏𝑜𝑡ℎ 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛𝑠, 𝑜𝑛𝑒 𝑔𝑒𝑡𝑠:



𝒓𝒑 = 𝒓∥ ≡
𝑬𝟎𝒓

𝑬𝟎𝒊 𝒑
=

𝒏𝒕𝒄𝒐𝒔𝜽𝒊−𝒏𝒊𝒄𝒐𝒔𝜽𝒕

𝒏𝒊𝒄𝒐𝒔𝜽𝒕+𝒏𝒕𝒄𝒐𝒔𝜽𝒊
𝑎𝑛𝑑 𝒕𝒑 = 𝒕∥ ≡

𝑬𝟎𝒕

𝑬𝟎𝒊 𝒑
=

𝟐𝒏𝒊𝒄𝒐𝒔𝜽𝒊

𝒏𝒊𝒄𝒐𝒔𝜽𝒕+𝒏𝒕𝒄𝒐𝒔𝜽𝒊

𝒓𝒔 = 𝒓⊥ ≡
𝑬𝟎𝒓
𝑬𝟎𝒊 𝒔

=
𝒏𝒊𝒄𝒐𝒔𝜽𝒊 − 𝒏𝒕𝒄𝒐𝒔𝜽𝒕
𝒏𝒊𝒄𝒐𝒔𝜽𝒊 + 𝒏𝒕𝒄𝒐𝒔𝜽𝒕

𝒕𝒔 = 𝒕⊥ ≡
𝑬𝟎𝒕
𝑬𝟎𝒊 𝒔

=
𝟐𝒏𝒊𝒄𝒐𝒔𝜽𝒊

𝒏𝒊𝒄𝒐𝒔𝜽𝒊 + 𝒏𝒕𝒄𝒐𝒔𝜽𝒕

𝒓𝒑 = 𝒓∥ ≡
𝑬𝟎𝒓
𝑬𝟎𝒊 𝒑

=
𝒏𝒕𝒄𝒐𝒔𝜽𝒊 − 𝒏𝒊𝒄𝒐𝒔𝜽𝒕
𝒏𝒊𝒄𝒐𝒔𝜽𝒕 + 𝒏𝒕𝒄𝒐𝒔𝜽𝒊

𝒕𝒑 = 𝒕∥ ≡
𝑬𝟎𝒕
𝑬𝟎𝒊 𝒑

=
𝟐𝒏𝒊𝒄𝒐𝒔𝜽𝒊

𝒏𝒊𝒄𝒐𝒔𝜽𝒕 + 𝒏𝒕𝒄𝒐𝒔𝜽𝒊

The Fresnel coefficients:

Where, 𝑟∥ 𝑎𝑛𝑑 𝑡∥ denotes the 𝒑 amplitude reflection and transmission (refraction) coefficients respectively.



Some practical aspects of Fresnel equations:

Using Snell's law the above 4 refractive index-based equations can be re-expressed by 𝜽𝒊 and 𝜽𝒕:

𝒓⊥ = −
𝒔𝒊𝒏 𝜽𝒊 − 𝜽𝒕
𝒔𝒊𝒏 𝜽𝒊 + 𝜽𝒕

𝒂 𝒓∥= +
𝒕𝒂𝒏 𝜽𝒊 − 𝜽𝒕
𝒕𝒂𝒏 𝜽𝒊 + 𝜽𝒕

[𝒃]

𝒕⊥ = +
𝟐𝒔𝒊𝒏𝜽𝒕𝒄𝒐𝒔𝜽𝒊
𝒔𝒊𝒏 𝜽𝒊 + 𝜽𝒕

[𝒄] 𝒕∥= +
𝟐𝒔𝒊𝒏𝜽𝒕𝒄𝒐𝒔𝜽𝒊

𝒔𝒊𝒏 𝜽𝒊 + 𝜽𝒕 𝒄𝒐𝒔 𝜽𝒊 − 𝜽𝒕
𝒅

1. For 𝜽𝒊 → 𝟎 (normal incidence) the tangents in [b] → sines i.e. 𝒓∥ 𝜽𝒊→𝟎 =
𝒔𝒊𝒏 𝜽𝒊−𝜽𝒕

𝒔𝒊𝒏 𝜽𝒊+𝜽𝒕 𝜽𝒊→𝟎
= − 𝒓⊥ 𝜽𝒊→𝟎.

2. The equality 𝑟∥ 𝜃𝑖→0 = − 𝑟⊥ 𝜃𝑖→0 is a result of unspecified plane of incident in such a scenario.

3. Expanding the sines of 1 𝑎𝑛𝑑 e𝑚𝑝𝑙𝑜𝑦𝑖𝑛𝑔 𝑆𝑛𝑒𝑙𝑙′𝑠 𝑙𝑎𝑤, 𝑦𝑖𝑒𝑙𝑑𝑠: 𝑟∥ 𝜃𝑖→0 = − 𝑟⊥ 𝜃𝑖→0=
𝒏𝒕𝒄𝒐𝒔𝜽𝒊−𝒏𝒊𝒄𝒐𝒔𝜽𝒕

𝒏𝒕𝒄𝒐𝒔𝜽𝒊+𝒏𝒊𝒄𝒐𝒔𝜽𝒕

4. since 𝜽i → 𝟎 ⟹ 𝜽𝒕 → 𝟎 𝑎𝑠 𝑤𝑒𝑙𝑙, then 𝑟∥ 𝜃𝑖→0 = − 𝑟⊥ 𝜃𝑖→0 =
𝒏𝒕𝒄𝒐𝒔𝜽𝒊−𝒏𝒊𝒄𝒐𝒔𝜽𝒕

𝒏𝒕𝒄𝒐𝒔𝜽𝒊+𝒏𝒊𝒄𝒐𝒔𝜽𝒕
𝑏𝑒𝑐𝑜𝑚𝑒𝑠

𝒏𝒕−𝒏𝒊

𝒏𝒕+𝒏𝒊

For instance: at air (𝑛𝑖=1)-glass (𝑛𝑡=1.5) interface 𝒓∥ 𝜽𝒊→𝟎 = − 𝒓⊥ 𝜽𝒊→𝟎 = ±𝟎. 𝟐.



Snell’s law teaches that for 𝑛𝑡 > 𝑛𝑖 , 𝜃𝑡< 𝜃𝑖 and 𝑟⊥ 𝑟𝑠 < 0 𝑓𝑜𝑟 𝑎𝑙𝑙 𝜃𝑖 𝑠𝑒𝑒 𝐹𝑖𝑔𝑢𝑟𝑒 4.39 .

Brewster’s (polarization) angle:

At 𝜽𝒊 + 𝜽𝒕 =
𝝅

𝟐
𝒕𝒂𝒏 𝜽𝒊 + 𝜽𝒕 = ∞ 𝒂𝒏𝒅

Equation [b]: 𝒓∥= +
𝒕𝒂𝒏 𝜽𝒊−𝜽𝒕

𝒕𝒂𝒏 𝜽𝒊+𝜽𝒕
⟶ 𝟎 (𝒔𝒆𝒆 Fig. 4.39),

for which 𝜃𝑖≡ 𝜃𝑩 ≡ 𝜃𝒑 (p-polarization). 

At the Brewster angle  𝜃𝑩, the reflected wave is 
totally  𝑠 − 𝑝𝑜𝑙𝑎𝑟𝑖𝑧𝑒𝑑, 𝑎 𝑓𝑎𝑐𝑡 𝑤ℎ𝑖𝑐ℎ 𝑚𝑎𝑘𝑒𝑠
𝑡ℎ𝑖𝑠 𝑎 𝑤𝑎𝑦 𝑡𝑜 𝑝𝑜𝑙𝑎𝑟𝑖𝑧𝑒 𝑙𝑖𝑔ℎ𝑡 𝑏𝑦 𝑟𝑒𝑓𝑙𝑒𝑐𝑡𝑖𝑜𝑛.

2

1 + 𝑛

−
𝟏 − 𝒏

𝟏 + 𝒏

𝟏 − 𝒏

𝟏 + 𝒏

𝒏𝒕𝒊 ≡
𝒏𝒕
𝒏𝒊

At 𝜽𝒊 + 𝜽𝒕 =
𝝅

𝟐
→ 𝜽𝒕 =

𝝅

𝟐
− 𝜽𝒊 ⟹

𝑛𝑖𝑠𝑖𝑛𝜃𝐵 = 𝑛𝑡𝑠𝑖𝑛
𝜋

2
− 𝜃𝐵 = 𝑛𝑡cos𝜃𝐵 ⟹

⟹ 𝒕𝒂𝒏𝜽𝑩 =
𝒏𝒕
𝒏𝒊

= 𝒏𝒕𝒊



Recalling that (a) the power density (i.e. per unite surface of a beam cross-section) is given by the Poynting vector ഥ𝑵
= 𝒄𝟐𝜺𝟎ഥ𝑬 × ഥ𝑩 and that (b) its intensity 𝑰 - radiation flux density (i.e. average energy per unite time crossing a unite area 
normal to ഥ𝑁, 𝑊𝑚−2 ) is

𝑰 = 𝑵 𝑻 =
𝒄𝜺𝟎

𝟐
𝑬𝟎
𝟐

Reflectance and Transmittance 

The reflectance R is defined as the ratio between the reflected and incident
Powers (transported energy per unit time):

𝑹 ≡
𝐼𝑟𝑨𝒄𝒐𝒔𝜽𝒓
𝐼𝑖𝑨𝒄𝒐𝒔𝜽𝒊

=
𝐼𝑟
𝐼𝑖
=

𝑣𝑟𝜺𝒓
𝟐

𝑬𝟎𝒓
𝟐

𝑣𝑖𝜺𝒊
𝟐

𝑬𝟎𝒊
𝟐

=→ 𝑠𝑎𝑚𝑒 𝑚𝑒𝑑𝑖𝑢𝑚 =

=
𝑬𝟎𝒓
𝟐

𝑬𝟎𝒊
𝟐 = 𝒓𝟐

Regarding Figure 8.18:  let 𝐼𝑖 , 𝐼𝑟, 𝑎𝑛𝑑 𝐼𝑡 be the incident , reflected and 
the transmitted flux densities accordingly (beam intensity).  As 
shown in the figure, the  cross sections are 𝑨𝒄𝒐𝒔𝜽𝒊, 𝑨𝒄𝒐𝒔𝜽𝒓, 𝑨𝒄𝒐𝒔𝜽𝒕
and hence the power (the energy per unit time) of the incident, 
reflected and transmitted beams are 𝐼𝑖𝑨𝒄𝒐𝒔𝜽𝒊, 𝐼𝑟𝑨𝒄𝒐𝒔𝜽𝒓, 𝐼𝑡𝑨𝒄𝒐𝒔𝜽𝒕

𝐼𝑡


