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Introduction

It will be demonstrated how the reflection law may be derived on an atomic
basis using the plane wave approximation together with Huygen’s principle. The
model utilized is based on the electric dipole character of matter originating
from its molecular constituents. This approach is not new but has, since it was
first introduced by Ewald and Oseen in 1915 [1, 2], been applied and analysed
many times before [3, 4, 5, 6]. Here, we develop the Ewald-Oseen model of
reflection adapted for high-school and early undergraduate students with a basic
knowledge of microscopic material structure.

The reflection phenomenon is of profound importance in our daily life. Our
vision, being the most important sense, rarely registers the first source of light
such as the sun or a light bulb, but objects are rather visualized through reflec-
tions. Since the comprehension of nature originates from daily observations, the
understanding of how vision is established is essential. Therefore, it is sensible
that reflection is introduced early at school, already at around age of 10 or even
earlier through discussions of images in mirrors, water surfaces and windows. At
the age of 12-13 the reflection law is investigated in more detail. Based on the
light ray concept, the reflection law is formulated through measurements which
are repeated in more detail in high-school. As an example of a curriculum see
ref. [7].

At university level first attempts to derive the reflection law from basic
principles appear. In standard literature a few different approaches may be
found. Some authors utilize Fermat’s principle, e.g. refs. [8, 9, 10], which
however is revealed as a circular reasoning since this principle is inferred from
observations including reflection. A few authors involve Huygen’s principle when
explaining reflection, e.g. refs. [10, 11, 12], which is a necessary but not a
sufficient requirement since it doesn’t specify what kind of objects are vibrating,
a fact particularly problematic in case of light. In many modern textbooks this
principle is not even introduced, see e.g. refs. [13, 14, 15]. Instead, the reflection
and refraction laws may be derived utilizing continuity conditions appearing in
electromagnetic wave theory based on Maxwell’s equations, e.g. [16, 17]. This
is a rather mathematically advanced method and does not promote conceptual
understanding appropriate for younger students.

The Ewald-Oseen model for reflection of light may be described conceptually
by the following steps:

• The source of the light ray, i.e. the plane wave, is vibrating charges.

• Light consists of an electric field oscillating with the same frequency as
that of its source.
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• When light impinges on a material its charges will start to vibrate with
frequency and direction dictated by the electric field. These vibrating
charges will then constitute a new source of light in line with Huygen’s
principle.

• The type of charge is different for different material classes: solids, metals
and liquids. In a dielectric solid, atoms are tightly bound to each other
and have limited freedom to oscillate individually. In liquids and metals,
dipolar molecules and conduction electrons respectively are individually
set into oscillation by incoming light. To a good approximation, the charge
oscillation may in all three cases be modelled as a dipole vibration.

• At the surface of the material a row of vibrating dipoles occur which in
general vibrate with an individual phase difference appearing since the
incoming plane wave will reach different points on the surface at different
times. The reflection phenomena is primarily a surface effect in the optical
region [10].

• The phase shift is such that the incoming and the reflected plane wave
fulfil the reflection law. This will be shown below.

Following this approach the important fact that reflection should rather
be considered as re-radiation is emphasized. To consider light as a substance
bouncing off a surface hides many important known facts and aspects of nature.

Although light is in mind in this paper, the discussion is valid for plane
waves in general.

The Reflection Law

Consider a row of oscillators having the same frequency, fig. 1.
The direction of the plane wave generated is given by the direction of the

strongest interference maxima. In the case where the oscillators have the same
phase, the condition for interference maxima is given by the grating formula

d sin γ = nλ (1)

where d is the distance between the oscillators, γ is the angle between the row
normal and the direction of the generated plane wave, n is an integer equal to
zero for the plane wave generation and λ is the wavelength. This condition may
be expressed in terms of phase

2πd sin γ

λ
= n2π (2)

In case there is a phase difference β such that oscillator 2 is trailing, the
condition for interference maxima becomes [18]
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Figure 1: Plane wave radiation from a row of oscillators out of which 2 sources
are indicated. The arrows indicate the rays, i.e. the direction of the plane wave
propagation.

2πd sin γ

λ
− β = n2π (3)

According to Ewald-Oseen theory, reflection appears since the incoming wave
activates the dipole oscillators at the surface. These absorb the energy and start
to oscillate. Thereby they form a source to a new wave which in one direction
is comprehended as the reflected wave and in the opposite direction as the
refracted wave. In case of oblique incidence the incoming wave activates the
oscillators one after another, fig. 2.

Therefore, at the surface a row of oscillators occurs vibrating out of phase,
where two neighbours have a constant phase difference β given by

β = ω∆t (4)

Here ω is the angular velocity of the vibrators which equal that of the wave.
From fig. 2 it is seen that the time lapse between activation of two neighbouring
oscillators is given by

∆t =
d sinα

c
(5)

where c is the speed of wave propagation and d is the distance between two
neighbouring oscillators. Introducing the two last formulas in formula (3) the
interference maximum condition becomes

2πd sin γ

λ
− ω

d sinα

c
= n2π (6)

Since ω
c = 2π

λ , the condition may be written
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Figure 2: A plane wave is incident on an intersection. Two oscillators at the
surface are indicated, numbered 1 and 2.

2πd sin γ

λ
− 2πd sinα

λ
= n2π (7)

Setting n = 0, it is obtained

sin γ = sinα (8)

which is the reflection law.
Thus, this law is far from trivial since it reveals the inner structure of matter.

It holds for all waves and all kind of matter as long as the distance d between
two neighbouring oscillators is smaller than wavelength λ, else higher-order
reflections may occur (n > 0) indicating a break-down of the simple plane wave
approximation.

Discussion

The reflection phenomena provides a possibility to develop the students’
knowledge of the microscopic dynamics of nature. Having this knowledge, sev-
eral other phenomena may be understood at the same level. Some examples
are:

The refraction law which may be derived in the same manner with the sole
alteration being the wave speed in the second material.

Brewster reflection appearing when the dipoles at the surface align in the
re-radiation direction.

The material dependence of speed of light governed by the refraction index
[19].
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It is also noteworthy that the above theory of reflection is the same adopted
when dealing with directed antenna arrays, so called phased arrays [4]. Here, a
desired radiation direction may be chosen by electronically designing a proper
phase shift between the antenna elements, both for sending and receiving.
Therefore, within the proposed approach to reflection, students also gain insight
into fundamentals of antenna theory with applications in for example commu-
nication, surveying and astronomy.
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