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Fig. 4.1: Double slit interference forms bright fringes where waves fall on
the screen in phase: m=1 shown here.

In 1802 the supremacy of the particle theory of light was shattered by a
simple interference experiment performed by Thomas Young. He let light from a
pinhole fall on two slits in an opaque screen. If the slits were close enough to
each other then the emerging light formed alternate bright and dark fringes on a
screen. Newton’s particle theory could not account for these bands.

A wave model proposed by Huygens proposed that each point on a wave
front be the source of a spherical wave. Thus the superposition of all the little
spherical waves produced at a wave front add up to continue propagating the
wave forward. Placing a screen with two slits in the path of a wave will allow
only the waves passing through the slit to continue forward. Thus two
cylindrical waves emerge from the slits which can interfere with each other at
the screen. Where a line on the screen is an integral number of wavelengths from
both slits then the interference is constructive and a bright line results.  When the
screen is much farther from the slits than the slits are apart the Frauenhofer
approximation holds  and bright fringes occur when the following equation is
true:

d sin θ = mλ, m = 0, 1, 2, ... (1)

where m is an integer, d is the distance between slits, λ is the wavelength and θ
is the angle between the direction of incidence, which is assumed normal to the
slit plane, and the fringe on the screen. Interference is darkest when

d sin θ = (m + 1/2)λ

Complications disturb this ideal situation. Because the slits cannot be
infinitesimally small, the brightness of the fringes varies periodically as θ
increases, and becomes invisibly dim at larger angles. This arises because a
single-slit diffraction pattern is superimposed on the ideal double-slit pattern.
The finite width of each slit allows light passing through to interfere with itself
causing complete cancellation at definite angles. If light from each slit cancels
itself out, then there is none left to produce a bright fringe. In part II of the
experiment you will compare the pattern of single slits to those of double slits
having the same width .


