
LIGHT: ITS NATURE AND ITS PROPERTIES 

 

Over time, different theories have been formulated to explain light and its behavior. The 
corpuscular theory, developed by Newton, is based on the hypothesis that light consists of 
extremely small particles, emitted by luminous bodies, subject to the laws of mechanics. The 
wave theory, due to Huygens, explains the luminous phenomena as having a wave nature, that 
is light is a wave that propagates in a medium.  

The electromagnetic theory, formulated by Maxwell, holds that light waves, already 
hypothesized by Huygens, are electromagnetic and do not require a transmission medium. 
According to this theory, still widely used today, light is a part of the electromagnetic spectrum. 
Quantum theory, due to Planck and Einstein, hypothesizes that the emission and absorption of 
light occurs through "wave packets" with well-defined energy and duration, called quanta of 
light or photons. In most cases light behaves according the electromagnetic theory but in certain 
phenomena the corpuscular properties of the photons are predominant. This is known as wave-
particle duality. Electromagnetic and quantum theory are in perfect agreement if we assume 
that the amplitude of a field (electric or magnetic) at a certain point and at a certain instant is 
proportional to the probability (wave function) of finding a photon. 

 

Electromagnetic spectrum 

Figure 1 shows the electromagnetic spectrum with reference both to the wavelength and 
frequency. The field of interest of Photonics is that of the wavelengths between ultraviolet and 
far infrared. Note that the visible field occupies a very limited portion of the optical field. Often, 
even if improperly, we speak of "light" even when the electromagnetic wave is not visible but 
within the range indicated above. 

 

Speed of light and refractive index 

The wavelength in vacuum λ0 and the frequency   (often indicated as “f” in Engineering) are 
related by the speed of light in vacuum c:  

λ0  = c                                                                 (1) 

It is experimentally observed, and it can be proved, that when the propagation of light occurs 
in a material other than vacuum (commonly called “medium”), the speed decreases. 

We define refractive index, indicated with n, the ratio between the speed of light in vacuum and 
the speed in the medium:  

n = c / v , 

where v is the speed of light in the medium (not confound with the Greek letter !). Therefore, 
when propagation occurs in a medium with refractive index n, the (1) becomes:  

λn  = v = c / n                                                               (2) 

and from the ratio between (2) and (1):  



λn = λ0 / n , 

that is, the wavelength decreases when light travels in a medium other than vacuum, since the 
dielectrics are characterized by a refractive index higher than 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1 shows the refractive indices (in the visible range) of some materials. 



 

 

Dispersion 

The refractive index varies slowly (if no resonant phenomena occur) with the wavelength, as 
(see Figure 2 for three different types of glass). This phenomenon is called dispersion. 

 

 

 

 

 

 

 

 

 

 

Figure 2 

 

For most transparent and non-colored materials, the following relationship occurs: 

 

 

with a and b coefficients depending on the material. 

 



Photon energy 

For the quantum theory, the energy associated with the single photon is: 

 

assuming that λ0 is expressed in micrometers and knowing that:  

h (Planck's constant) ≈ 6.626×10-34 J s,  

c (speed of light in vacuum) ≈ 3×108 m / s,  

1 eV ≈ 1,6×10-19 J. 

 

Time and spatial coherence 

Time coherence is defined as the average time range in which it is probable that a wave will not 
undergo a random phase change. In this time range the wave travels a certain path, called spatial 
coherence. 

Within the spatial coherence field it is possible to establish a phase relationship between waves 
at different points at a certain time. 

Conversely, within the time coherence field it is possible to establish a phase relationship 
between waves at a certain point at different times.  

The spatial coherence of the light generated by optical oscillators (lasers) can reach several tens 
of meters, contrary to what happens for the light generated by conventional sources (including 
LEDs).  

The finite space-time coherence explains the limitation of the phenomena of interference. 

  



GRATINGS 

 

Let us study now the phenomenon of diffraction of light waves. What happens when the 
incident plane wave finds as an obstacle an absorbing screen in which there are two parallel 
slits of equal width d, spaced by a quantity p (generally greater than d). If we consider the 
distribution of light intensity on the screen placed behind the obstacle, we find a situation 
similar to that shown in the figure below. 

 

We assumed that the distance p between the centers of the two slits is equal to p = 3d; the red 
curve represents the intensity distribution due to a single slit, while the blue curve represents 
the case of two slits, with amplitude divided by a factor of 4. The peaks identify the angles at 
which illuminated areas are observed on the screen, while the points of the graph in which the 
curve drops to 0 identify angles for which dark areas are observed on the screen. 

It can be easily observed that while in the case of a single slit there was a rather large central 
maximum, three much narrower 'central' maxima can now be clearly seen, i.e. better defined 
and therefore more easily identifiable. Furthermore, the height of these peaks turns out to be 
about 4 times greater than that of the peak due to the single slit. 

This effect is produced by the simultaneous action of the two slits: the waves generated by them 
are added, by the superposition principle, generating this particular structure. 

A logical generalization of what we have just seen leads to an increase in the number of slits in 
order to obtain an ever sharper diffraction phenomenon, using a device that takes the name of 
grating. 

A diffraction grating consists of a very large number N of thin, parallel, equidistant slits of equal 
width d. The distance p between the central points of two contiguous slits is the grating pitch. 
A sketch of such a grating is shown in the figure below. 

 

 

 



 

 

A plane wave is incident on the grating and the distribution of the light intensity is studied on 
a screen behind it, making the light rays emitted at equal angles converge by means of a 
converging lens. 

The gratings are fabricated by engraving parallel grooves on a glass or metal plate by means of 
suitable machines that use diamond points. These grooves are then filled with an absorbent 
substance. We refers to “transmission gratings” when we consider devices in which light can 
pass through the slits, as in the case of grids obtained with glass plates; instead, we refers to 
“reflection gratings” when the light does not pass through the slits but is reflected above them, 
as in the case of gratings engraved on metal plates. In this last case the intensity distribution is 
studied on a screen placed to the left of the grating, in a direction different from that of the 
incident light beam. 

In the following we will consider a grating that works in transmission. 

The number of slits per unit of length is called the grating constant; it is generally of a few 
thousand per cm. 

The light is diffracted from every single slit according the laws of diffraction; the light intensity 
distributions generated by each slit are added to those produced by all the other slits present in 
the grating (overlapping principle). The following figure shows the case in which there are  
N = 1000 slits (red curve) and, for comparison, the cases of single slit and two slits are repeated, 
(not in scale). 



 

For small angles the main maxima are angularly equispaced and their position depends only on 
the grating pitch p and the wavelength of the incident light. The number m is called the order 
of the main maximum. In the main maxima, the luminous intensity is N2 times higher than that 
provided by a single slit (green curve), as an effect of the sum of the intensities due to the N 
slits illuminated by the same wave front. The fringe corresponding to m = 0 is the central fringe, 
or white fringe, because its position does not depend on the wavelength; the other fringes are 
called fringes (or maxima) of order m. 

 

 

MONOCHROMATOR 

The grating is the main component of the monochromator, whose function is to permit a precise 
wavelength to pass through along a certain direction. To do this, instead of changing the 
direction of the white light with respect to the grating, the grating is rotated by a small fraction 
of an angle, so as to return to the condition of phase agreement with a different wavelength. 

The monochromator has an entrance slit, where the white light (or the one to be analyzed) is 
sent, and which acts as a point source of the system. It illuminates a concave mirror, which 
transforms the diverging beam arriving from the slit into a parallel beam, which illuminates 
uniformly the reflection grating. 

The reflected light follows an analogous but inverse optical path (concave mirror that converges 
the previously parallel rays), in an exit direction that is selected by another small slit. 

 



The light that pass through the slit 
is only that component which 
have a wavelength such as to 
generate, for that angle, a 
constructive interference between 
all the thousands of reflected rays. 
The other wavelengths will make 
constructive interference at 
different angles, and therefore 
before and after the slit, at 
different points of the focal plane 
AB. However, by rotating the grid 
around an axis perpendicular to 

the sheet, they are gradually aligned with the slit, and can be used later. 

Obviously the monochromator is the more effective the more it is able to separate two 
neighboring wavelengths; this resolving power must be chosen on the ground of the spectral 
range of interest, i.e. ultraviolet, visible, near infrared (UV-VIS-NIR) . 

Indeed, if a spectrophotometer (i.e. the set consisting of the white light source, the 
monochromator and a photodetector) covers a range from 200 nm to 2000 nm (standard UV-
VIS-NIR), 2 gratings are enough: one used from 200 nm to 800 nm, and one used from 800 nm 
to 2000 nm with 1200 and 600 lines/nm respectively. The reason why an additional 2400 
line/nm grating is not used is that working in UV below 200 nm requires special materials; 
therefore most spectrophotometers cannot work below 200 nm. 

The number of total lines, on the other hand, affects the quality of the interference, that is, the 
angular width and the intensity of the maximum interference for a given wavelength and 
therefore, with the same dispersion, allows to better separate two neighboring lines (“resolving 
power”) and to have brighter spectra. However, as the size of the reticle increases, the focal 
length of the concave mirrors must also increase, and consequently the quality of the system 
structure (and, obviously, the cost). 

 

 

 



Optical Activity 
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