Chapter 27

Interference and the Wave Nature of Light



Linear Superposition

Electromagnetic waves of any frequency obey the principle of linear superposition.

In simple terms, this means you ssimply add two waves together.

When you add two waves together, they are said to interfere with each other.
If the waves interfere such that the resulting wave's magnitude is larger than any
of the individual magnitudes, constructive interference occurs.

If the waves interfere such that the resulting magnitude is smaller than the
original magnitudes, destructive interference occurs.



Constructive Interference

Waves, same amplitude and wavelength, in phase
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Destructive Interference

Waves, same wavel ength and magnitude, 180" of phase




Neather Constructive or Destructive
| nterference

Two waves, same magnitude but different wavelengths
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Coherent Sources

Coherent Sources provide waves which have a constant phase relation between them.

L asers are a common source of coherent light. A given laser will produce a given
wavelength of light. Common light bulbs emit avariety of wavelengths and are incoherent
sources of light.

Coherent Waves Non-Coherent Waves



Y oung's Double Slit Experiment
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In 1801, English physicist Thomas Y oung conducted
an experiment which showed the wave nature of light.
Up to this point, it was believed light was made from
tiny particles called photons.

sn m g bright fringe

sin m %H dark fringe



It's All In the Path Difference
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d is the separation between the two
dits. It aso happens to be the
hypotenuse of the right triangle
formed between the slits and a
perpendicular between the two
light paths.



Thin Films

Incident wave
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Ngasoline = 1.40 | . N . . .
Here we find another example of two waves of light interfering
with one another.

Puter = 1.33 What has not been explained yet is a phase shift which occurs
when light reflects from a surface with a higher index of
refraction than the index of the material it wastraveling.

The magnitude of this phase change is exactly  (180). An
&?f:f:fﬂ;ﬁ::;m analogy with a string attached to a wall is shown above. Use the
Physics 5th Ed. phrase “low to high, change by PI” to remember this.
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Thin Film Interference

Mt A In addition to the 180 phase change from the indices of
refraction, there is also the path difference between the
reflected wave from the top surface and the next material
Interface.

= 1 Here, we use the path traveled in the material as the path
difference.

Mgasoline = 1.40 ;

To take all effects into account, we would need to remember

the wavelength of light is different in materials with
Mgter = 1.33 different indicies of refraction. Thisisgiven by:
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Thin Film Interference

L et's figure out the wavelength of light the eye sees.

Incident
light D

First, we figure out which wavelength will undergo destructive
Interference. The thickness of the film isgiven by t.

The 180 phase shift of the beam reflected from the first
interfaceisgivenby: 1

film

t 2 1
So the total path differenceis given by: 2t

Rair = 1.00

Mgasoline = 1.40

E film
and this must equal an odd integer times the wavelength of the
Muater = 133 light in the thin film.
1 n
2t E film E film wheren 1,3,5,7 €tc.

Cutnell & Johnson Solve for the wavelength in the film and whatever
Py ot £ wavelengths do not interfere destructively will be seen by the
Figure 27.10 (W1102) eye
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Diffraction

Diffraction of sound waves Diffraction of light waves

Recdll diffraction is the bending of awave
around an object. Since both sound and light
are waves, they both undergo this phenomenon



Single Slit Diffraction

To explain diffraction from asingle dlit, you may
consider the dit to be broken into many smaller dlits,
each afixed distance from the next.

There is a path difference from each pseudo dlit just
like the real double dit shown previoudly.

The equation describing the position for the dark
fringes from single dlit diffractionis:

sin m— m 123...
W
where W is the width of the dit

AsW becomeslarger, sin becomes smaller until
the point where no diffraction can be seen.



Resolving Power

It is not difficult to image if arectangular dit provides diffraction
such that the fringes are vertical then acircular hole will produce a
circular diffraction pattern.

If we pass the light from two objects through a single circular hole,
we will produce two diffraction patterns some distance away.

There is a problem when the two objects are close together and their
individual diffraction patterns overlap. When this happens, you
cannot tell one object from the other.

The spacing between the center of acircular pattern and the first

dark ring is given by: _
an 1.22 E

Resolving Power refersto the ability to distinguish individual
objects from one another.



Resolving Power (2)

The closest two objects may be resolved through asmall holeis
given by:

sn n 5 (for small angles)

min min

where isin unitsof radians, and D is the diameter of the
aperture. Thisis known as the Rayleigh criterion.

Eagles have a much better ability to determine small objects from
agreat distance than humans do because their pupils are on
average 2.5 times larger than ours. This means they may resolve
objects which have a separation of 0.4 times less than humans
can.



Diffraction Gratings

Diffraction gratings are a series of dlits cut
into amaterial. The dlits al have the same
distance from one another and there may be
as many as 40,000 dlits packed into asingle
centimeter of length.

The spacing of the principle bright fringesis
described by:

sn ma m 0123,...

There are smaller bright fringes between the
main ones called secondary fringes. These
become smaller the more dlits per length
your grating contains.



The Use of Interference in my
Experiments
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The Use of Interference in my
Experiments
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