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Nature of diffraction



From Grimaldi to Maxwell



Definition of diffraction

• Diffraction is any deviation from geometric optics that results from the obstruction of a light wave, such as 
sending a laser beam through an aperture to reduce the beam size.   Diffraction results from the interaction of 
light waves with the edges of objects.  

• The edges of optical images are blurred by diffraction, and this represents a fundamental limitation on the 
resolution of an optical imaging system.

• There is no physical difference between the phenomena of interference and diffraction, both result from the 
superposition of light waves.  Diffraction results from the superposition of many light waves, interference 
results from the interference of a few light waves.

“diffractio” ,   Francesco Grimaldi (1600s)

The effect is a general characteristics of wave phenomena occurring 
whenever a portion of a wavefront, be it sound, a matter wave, or light, 
is obstructed in some way.



Hecht, 
Optics, 
Chapter 10



Regimes of Diffraction Optical Elements

d > λ d < λd ~ λ
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Science, Vol. 297, pp. 820-822, 2 August 2002.

Ag film, hole diameter=250nm, 
groove periodicity=500nm, 
groove depth=60nm, film thickness=300nm

Light transmission through a metallic subwavelength holed < λ



Regimes of Diffraction





Handbook of Optics, Volume I: Fundamentals, Techniques, and Design 
Optical Society of America, McGraw-Hill, Inc.



As a solution of the Helmholtz equation, a plane wave being harmonic in time as well as in space,

An expanding spherical wave may be written in the form,

Plane wave

Spherical
wave

Spherical
wave



From this concept of the Huygens-Fresnel construction, 
in this class we will develop some mathematical formulas, such as,



Huygens’ wave front construction

Given waveGiven wave--front at tfront at t

Allow wavelets to evolve 
for time Δt

r = c Δt ≈
λ

New wavefront

What about –r direction?
(π-phase delay when the secondary 
wavelets, Hecht, 3.5.2, 3nd Ed)

Construct the wave front 
tangent to the wavelets

Every point on a wave front is a source of secondary wavelets.
i.e. particles in a medium excited by electric field (E) re-radiate in all directions
i.e. in vacuum, E, B fields associated with wave act as sources of additional fields

secondary wavelets

Secondary
wavelet



Huygens-Fresnel principle

“Every unobstructed point of a wavefront, at a given instant in time, 
serves as a source of secondary wavelets (with the same frequency 
as that of the primary wave). 
The amplitude of the optical field at any point beyond is the superposition
of all these wavelets (considering their amplitude and relative phase).”

Huygens’s principle:
By itself, it is unable to account for the details of the diffraction process.
It is indeed independent of any wavelength consideration.

Fresnel’s addition of the concept of interference



Huygens’ Secondary wavelets on the wavefront surface S

S

P



λ/2

Z1

Z2 Z3

Spherical wave from source Po

Huygens’ Secondary wavelets on the wavefront surface S

Obliquity factor: 
unity where χ=0 at C 
zero where χ=π/2  at high enough zone index

: Fresnel Zones



: Fresnel Zones

The average distance of successive zones from P differs by λ/2 -> half-period zones.
Thus, the contributions of the zones to the disturbance at P alternate in sign,

Z1

Z2 Z3

For an unobstructed wave, the last term ψn=0. 

Whereas, a freely propagating spherical wave from the source Po to P is  

Therefore, one can assume that 
the complex amplitude of 

1 exp( )iks
i sλ
⎛ ⎞= ⎜ ⎟
⎝ ⎠

(1/2 means averaging of the possible values,
more details are in 10-3, Optics, Hecht, 2nd Ed)



: Diffraction of light from circular apertures and disks

(a) The first two zones are uncovered,

(b) The first zone is uncovered if point P is placed father away,

(c) Only the first zone is covered by an opaque disk,
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: Babinet principle

R
Variation of on-axis irradiance Diffraction patterns from

circular apertures

R
P

(consider the point P at the on-axis P)



: Straight edge

Damped oscillating
At the edge

Monotonically decreasing



After the Huygens-Fresnel principle
Fresnel’s shortcomings :
He did not mention the existence of backward secondary wavelets,
however, there also would be a reverse wave traveling back toward the source.
He introduce a quantity of the obliquity factor, but he did little more than 
conjecture about this kind. 

Gustav Kirchhoff : Fresnel-Kirhhoff diffraction theory
A more rigorous theory based directly on the solution of the differential wave equation.
He, although a contemporary of Maxwell, employed the older elastic-solid theory of light.
He found K(χ) = (1 + cosθ )/2. K(0) = 1 in the forward direction, K(π) = 0 with the back wave.

Arnold Johannes Wilhelm Sommerfeld : Rayleigh-Sommerfeld diffraction theory
A very rigorous solution of partial differential wave equation.
The first solution utilizing the electromagnetic theory of light.







Fourier optics




