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26.1: Superposition and Interference

learning objectives

o Contrast the effects of constructive and destructive interference

Conditions for Wave Interference

Interference is a phenomenon in which two waves superimpose to form a resultant wave of greater or lesser amplitude. Its effects
can be observed in all types of waves (for example, light, acoustic waves and water waves). Interference usually refers to the
interaction of waves that are correlated (coherent) with each other because they originate from the same source, or they have the
same or nearly the same frequency. When two or more waves are incident on the same point, the total displacement at that point is
equal to the vector sum of the displacements of the individual waves. If a crest of one wave meets a crest of another wave of the
same frequency at the same point, then the magnitude of the displacement is the sum of the individual magnitudes. This is
constructive interference and occurs when the phase difference between the waves is a multiple of 2n. Destructive interference
occurs when the crest of one wave meets a trough of another wave. In this case, the magnitude of the displacements is equal to the
difference in the individual magnitudes, and occurs when this difference is an odd multiple of m. Examples of constructive and
destructive interference are shown in. If the difference between the phases is intermediate between these two extremes, then the
magnitude of the displacement of the summed waves lies between the minimum and maximum values.

Wave Interference: Examples of constructive (left) and destructive (right) wave interference.
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Sample Problem 2

The diagram represents two pulses approaching
each other from opposite directions inithe same
medium. Sketch the pulses after they have passed
through each other.

Wave Interference: A brief introduction to constructive and destructive wave interference and the principle of superposition.

A simple form of wave interference is observed when two waves of the same frequency (also called a plane wave) intersect at an
angle, as shown in. Assuming the two waves are in phase at point B, then the relative phase changes along the x-axis. The phase
difference at point A is given by:
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Interference of Plane Waves: Geometrical arrangement for two plane wave interference.
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Destructive interference occurs when the waves are half a cycle out of phase, or
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Reflection Due to Phase Change

Light exhibits wave characteristics in various media as well as in a vacuum. When light goes from a vacuum to some medium (like
water) its speed and wavelength change, but its frequency f remains the same. The speed of light in a medium is v = ¢/n, where n is
the index of refraction. For example, water has an index of refraction of n = 1.333. When light is reflected off a medium with a
higher index of refraction, crests get reflected as troughs and troughs get reflected as crests. In other words, the wave undergoes a
180 degree change of phase upon reflection, and the reflected ray “jumps” ahead by half a wavelength.

Air Wedge

An air wedge is a simple interferometer used to visualize the disturbance of the wave front after propagation through a test object.
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learning objectives

e Describe how an air wedge is used to visualize the disturbance of a wave front after proagation

Air Wedge

An air wedge is one of the simplest designs of shearing interferometers used to visualize the disturbance of the wave front after
propagation through a test object. An air wedge can be used with nearly any light source, including non-coherent white light. The
interferometer consists of two optical glass wedges (~2-5 degrees), pushed together and then slightly separated from one side to
create a thin air-gap wedge. An example of an air wedge interferometer is shown in.

Air Wedge: Example of air wedge interferometer

The air gap between the two glass plates has two unique properties: it is very thin (micrometer scale) and has perfect flatness.
Because of this extremely thin air-gap, the air wedge interferometer has been successfully used in experiments with femto-second
high-power lasers.

An incident beam of light encounters four boundaries at which the index of refraction of the media changes, causing four reflected
beams (or Fresnel reflections ) as shown in. The first reflection occurs when the beam enters the first glass plate. The second
reflection occurs when the beam exits the first plate and enters the air wedge, and the third reflection occurs when the beam exits
the air wedge and enters the second glass plate. The fourth beam is reflected when it encounters the boundary of the second glass
plate. The air wedge angle, between the second and third Fresnel reflections, can be adjusted, causing the reflected light beams to
constructively and destructively interfere and create a fringe pattern. To minimize image aberrations of the resulting fringes, the
angle plane of the glass wedges has to be placed orthogonal to the angle plane of the air-wedge.

Air-gap
Fresnel wedge
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Light Reflections Inside an Air Wedge Interferometer: Beam path inside of air wedge interferometer
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Newton’s Rings

Newton’s rings are a series of concentric circles centered at the point of contact between a spherical and a flat surface.

learning objectives

o Apply Newton’s rings to determine light characteristics of a lens

Newton’s Rings

In 1717, Isaac Newton first analyzed an interference pattern caused by the reflection of light between a spherical surface and an
adjacent flat surface. Although first observed by Robert Hooke in 1664, this pattern is called Newton’s rings, as Newton was the
first to analyze and explain the phenomena. Newton’s rings appear as a series of concentric circles centered at the point of contact
between the spherical and flat surfaces. When viewed with monochromatic light, Newton’s rings appear as alternating bright and
dark rings; when viewed with white light, a concentric ring pattern of rainbow colors is observed. An example of Newton’s rings
when viewed with white light is shown in the figure below.

Newton’s Rings in a drop of water: Newton’s rings seen in two plano-convex lenses with their flat surfaces in contact. One
surface is slightly convex, creating the rings. In white light, the rings are rainbow-colored, because the different wavelengths of
each color interfere at different locations.

The light rings are caused by constructive interference between the light rays reflected from both surfaces, while the dark rings are
caused by destructive interference. The outer rings are spaced more closely than the inner ones because the slope of the curved lens
surface increases outwards. The radius of the Nth bright ring is given by:

Iy = [(N— %AR)} " (26.1.4)

where N is the bright-ring number, R is the radius of curvature of the lens the light is passing through, and A is the wavelength of
the light passing through the glass.

A spherical lens is placed on top of a flat glass surface. An incident ray of light passes through the curved lens until it comes to the
glass-air boundary, at which point it passes from a region of higher refractive index n (the glass) to a region of lower n (air). At this
boundary, some light is transmitted into the air, while some light is reflected. The light that is transmitted into the air does not
experience a change in phase and travels a a distance, d, before it is reflected at the flat glass surface below. This second air-glass
boundary imparts a half-cycle phase shift to the reflected light ray because air has a lower n than the glass. The two reflected light
rays now travel in the same direction to be detected. As one gets farther from the point at which the two surfaces touch, the distance
dincreases because the lens is curving away from the flat surface.
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Formation of Interference Fringes: This figure shows how interference fringes form.

If the path length difference between the two reflected light beams is an odd multiple of the wavelength divided by two, A/2, the
reflected waves will be 180 degrees out of phase and destructively interfere, causing a dark fringe. If the path-length difference is
an even multiple of A/2, the reflected waves will be in phase with one another. The constructive interference of the two reflected
waves creates a bright fringe.

Key Points

e When two or more waves are incident on the same point, the total displacement at that point is equal to the vector sum of the
displacements of the individual waves.

o Light exhibits wave characteristics in various media as well as in a vacuum. When light goes from a vacuum to some medium,
like water, its speed and wavelength change, but its frequency f remains the same.

o When light is reflected off a medium with a higher index of refraction, crests get reflected as troughs and troughs get reflected
as crests. In other words, the wave undergoes a 180 degree change of phase upon reflection, and the reflected ray “jumps” ahead
by half a wavelength.

e An air wedge interferometer consists of two optical glass wedges (~2-5 degrees), pushed together and then slightly separated
from one side to create a thin air-gap wedge.

e The air gap between the two glass plates has two unique properties: it is very thin (micrometer scale) and has perfect flatness.

e To minimize image aberrations of the resulting fringes, the angle plane of the glass wedges has to be placed orthogonal to the
angle plane of the air wedge.

¢ When viewed with monochromatic light, Newton’s rings appear as alternating bright and dark rings; when viewed with white
light, a concentric ring pattern of rainbow colors is observed.

o If the path length difference between the two reflected light beams is an odd multiple of the wavelength divided by two, A/2, the
reflected waves will be 180 degrees out of phase and destructively interfere, causing a dark fringe.

o If the path length difference is an even multiple of A/2, the reflected waves will be in-phase with one another. The constructive
interference of the two reflected waves creates a bright fringe.

Key Terms

o coherent: Of waves having the same direction, wavelength and phase, as light in a laser.

o plane wave: A constant-frequency wave whose wavefronts (surfaces of constant phase) are infinite parallel planes of constant
peak-to-peak amplitude normal to the phase velocity vector.

o orthogonal: Of two objects, at right angles; perpendicular to each other.

o interferometer: Any of several instruments that use the interference of waves to determine wavelengths and wave velocities,
determine refractive indices, and measure small distances, temperature changes, stresses, and many other useful measurements.

o wavelength: The length of a single cycle of a wave, as measured by the distance between one peak or trough of a wave and the
next; it is often designated in physics as A, and corresponds to the velocity of the wave divided by its frequency.

o lens: an object, usually made of glass, that focuses or defocuses the light that passes through it

o monochromatic: Describes a beam of light with a single wavelength (i.e., of one specific color or frequency).
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