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What is Photonics?

 Photonics is the technology of generating / controlling / detecting 

light and other forms of radiant energy whose quantum unit is the 

photon.

 The uniqueness of photonic devices is that both wave and 

quantum characteristics of light have to be considered for the 

function and applications of these devices.

 The photon nature (quantum mechanics) of light is important in 

the operation of photonic devices for generation, amplification, 

frequency conversion, or detection of light, while the wave nature 

(Maxwell’s equations) is important in the operation of all photonic 

devices but is particularly so for devices used in transmission, 

modulation, or switching of light.



What is Photonics?

The spectral range of concern in photonics is usually in a wavelength 

range between ~10 μm (mid-IR) and ~100 nm (deep-UV).



Photonics technologies at a glance



A brief historical note



The nature of light: Models

 Ray optics  Propagation of light rays through simple optical 

components and systems. (Limit of wave optics when wavelength is very short 

compared with simple optical components and systems)

 Wave optics  Propagation of light waves through optical 

components and systems (Scalar approximation of EM optics)

 EM optics  Description of light waves in terms of electric and 

magnetic fields (Most complete treatment of light within the confines of classical 

optics)

 Quantum optics  Emission/absorption of photons, which are 

characteristically quantum mechanical in nature and cannot be 

explained by classical optics (e.g. lasers, light-emitting diodes, 

photodiodes, solar cells) (Explanation of virtually all optical phenomena)



Ray Optics vs. Wave Optics



Remark on Ray Optics or Geometrical Optics

 In many applications of interest, the wavelength λ of light is short 

compared with the relevant length scales of the optical components or 

system (e.g. mirrors, prisms, lenses).

 This branch of optics is referred to as Ray optics or Geometrical 

Optics, where energy of light is propagated along rays.

 The rays are perpendicular to the wavefronts.



Light as electromagnetic waves

 The electromagnetic wave equation derived from Maxwell’s equations

show that light and all other electromagnetic waves travel with the same

velocity in free space (c ≈ 3 ×108 m/s).

 Two variables in an electromagnetic wave –the electric and magnetic

fields E and B, both are vector quantities, both transverse to the

direction of propagation, and mutually perpendicular, and mutually

coupled

 In free space, their magnitudes are related by

c is the velocity of light in free space



Maxwell’s equations in free space



Conservation of charge



The wave equation in free space



Phase velocity in free space



Plane waves



Plane waves



Plane waves



Maxwell’s equations for plane waves



Polarization of light

 At a fixed point in space, the E vector of a time-harmonic

electromagnetic wave varies sinusoidally with time.

 The polarization of the wave is described by the locus of the tip of the

E vector as time progresses.

 If the locus is a straight line the wave is said to be linearly polarized.

 It is circularly polarized if the locus is a circle and elliptically

polarized if the locus is an ellipse.

 An electromagnetic wave, e.g. sunlight or lamplight, may also be

randomly polarized. In such cases, the wave is unpolarized. An

unpolarized wave can be regarded as a wave containing many linearly

polarized waves with their polarization randomly oriented in space.

 A wave can also be partially polarized, such as skylight or light

reflected from the surface of an object –i.e. glare. A partially polarized

wave can be thought of as a mixture of polarized waves and

unpolarized waves.



Polarization of light



Polarization of light



Polarization of light



Polarization of light



Polarization of light



Maxwell’s equations in a medium



Wave equation



Dispersion

 The index of refraction is in general frequency or wavelength

dependent. This is true for all transparent optical media.

 The variation of the index of refraction with frequency is called

dispersion. The dispersion of glass is responsible for the familiar

splitting of light into its component colors by a prism.

 In order to explain the dispersion it is necessary to take into account the

actual motion of the electrons in the optical medium through which the

light is traveling.



Optical power and energy



Optical power and energy



Optical power and energy



Reflection and refraction



Reflection and refraction



Boundary conditions

 We need boundary conditions when we solve Maxwell’s

equations for waveguides and reflection coefficients.

 Boundary conditions describe how the electric and magnetic fields

behave as they move across interfaces between different materials.

 Here we consider dielectric media with no free charges or free

currents:



TE polarization (s-wave)

 The electric field is linearly polarized in a direction perpendicular to

the plane of incidence, while the magnetic field is polarized to the

plane of incidence. This is called transverse electric

(TE)polarization. This wave is also called s-polarized.



TE polarization



TM polarization (p-wave)

 The electric field is linearly polarized in a direction parallel to the

plane of incidence while the magnetic field is polarized

perpendicular to the plane of incidence. This is called transverse

magnetic (TM)polarization. This wave is also called p-polarized.



TM polarization



Reflection and transmission coefficients



Reflectivity and transmissivity



Internal reflection coefficients



Reflectivity and transmissivity



Brewster angle



Total Internal Reflection



Phase changes in total internal reflection



Phase changes in total internal reflection



Evanescent wave

 In spite of the fact that the incident energy is totally reflected when

the angle of incidence exceeds the critical angle, there is still an

electromagnetic wave field in the region beyond the boundary. This

field is known as the evanescent wave.

 Its existence can be understood by consideration of the wave

function of the electric field of the transmitted wave:

 Choose the coordinate axis such that the plane of incidence is on

the xz plane and the boundary is at z = 0.



Evanescent wave



Evanescent wave



Evanescent wave



Photon nature of light

 When considering the function of a device that involves the

emission or absorption of light, a purely electromagnetic wave

description of light is not adequate.

 In this situation, the photon nature of light cannot be ignored.

 The material involved in this process also undergoes quantum

mechanical transitions between its energy levels.

 The energy of a photon is determined by its frequency υ, or its

angular frequency ω.

 Associated with the particle nature of a photon, there is a

momentum determined by its wavelength λ, or its wavevector k.



Quantum Mechanics: de Broglie’s wavelength



Photon energy



Question or Comment?


