
PHY 203: Physics of Light and Color

The Wave Nature of Light

Read Chapter 5 of the text and  work out # 6 page 124



ÅHuygensô Principle and the Law of Refraction

ÅInterference ïYoungôs Double Slit Experiment

ÅThe Visible Spectrum and Dispersion

ÅDiffraction by a Single Slit

ÅDiffraction Grating

ÅInterference by Thin Films

ÅPolarization

Lecture Outline:



Huygensô Principle and Diffraction

Huygensô principle: 

Every point on a wave 

front acts as a point 

source; the wavefront

as it develops is 

tangent to their 

envelope



Huygensô principle is consistent with diffraction:



Huygensô Principle and the Law of Refraction

n2 > n1



Huygensô Principle and the Law of Refraction

Huygensô principle can also explain the law of 

refraction. 

As the wavelets propagate from each point, they 

propagate more slowly in the medium of higher index of 

refraction.

This leads to a bend in the wavefrontand therefore in 

the ray.



Huygensô Principle and the Law of Refraction

In going from one medium to the other the frequency of 

the light does not change, but the wavelength does as it 

travels into a new medium.
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Another way to find out which is faster red or blue light in a material



Huygensô Principle and the Law of Refraction

Highway mirages are due to a gradually changing index 

of refraction in heated air.



InterferenceïYoungôsDouble-Slit Experiment

If light is a wave, interference effects will be seen, where 

one part of wavefrontcan interact with another part. 

One way to study this is to do a double-slit experiment:

This is what we see



InterferenceïYoungôsDouble-Slit Experiment

If light is a wave, 

there should be an 

interference 

pattern.



InterferenceïYoungôsDouble-Slit Experiment

The interference occurs because each point on the screen is not the 

same distance from both slits. Depending on the path length 

difference, the extra distance = d2 - d1, the wave can interfere 

constructively (bright spot) or destructively (dark spot).



Make sure you see the extra distance.  This extra distance equals d2ïd1 = d sin(q).



InterferenceïYoungôsDouble-Slit Experiment

We can use geometry to find the conditions for constructive 

and destructive interference:

The extra distance = d2ïd1

d2ïd1 = d sin(q) 

If d sin(q) = integer multiple of a whole wave length l, then we have 

constrictive interference:

If d sin(q) = odd integer multiple of a half wave length l/2, then we have 

destructive interference:





InterferenceïYoungôsDouble-Slit Experiment

Between the maxima and the minima, the interference 

varies smoothly.



This is what we see

Central, m = 0



The Visible Spectrum and Dispersion

Wavelengths of visible light: 400 nm to 750 nm

Shorter wavelengths are ultraviolet; longer are infrared



The Visible Spectrum and Dispersion

The index of refraction of a material varies somewhat with 

the wavelength of the light.



The Visible Spectrum and Dispersion

This variation in refractive index is why a prism will split 

visible light into a rainbow of colors.



The Visible Spectrum and Dispersion

Actual rainbows are created by dispersion in tiny drops of 

water.



The positions of the 

fringes can be 

measured vertically 

from the zerothorder 

maximum

y = L tan ɗºL sin ɗ

Assumptions

L>>d

d>>ɚ

tan ɗºsin ɗ

ɗis small and therefore the 

approximation tan ɗºsin ɗcan be 

used



Interference Equations approximations ..

ÅFor bright fringes (use sin(ɗbright) = m ɚ/d)

ÅFor dark fringes (use sin (ɗdark) =ɚ(m + ½)/d)
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1. They get brighter but otherwise do not change.

2. They get brighter and closer together.

3. They get brighter and farther apart.

4. They get out of focus.

5. They fade out and disappear.

Q1:  Suppose the viewing screen in the 

figure is moved closer to the double slit. 

What happens to the interference fringes? 



1. They get brighter but otherwise do not change.

2. They get brighter and closer together.

3. They get brighter and farther apart.

4. They get out of focus.

5. They fade out and disappear.

Q1: Suppose the viewing screen in the figure 

is moved closer to the double slit. What 

happens to the interference fringes? 



Q2:  Light of wavelength l1 illuminates a double slit, and interference 

fringes are observed on a screen behind the slits. When the wavelength is 

changed to l2, the fringes get closer together. How large is l2 relative to l1?

1. l2 is larger than l1.

2. l2 is smaller than l1.

3. Cannot be determined from this information.
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Q3: What was the first experiment to show that light is a wave? 

1. Youngôs double slit experiment

2. Galileoôs observation of Jupiterôs moons

3. The Michelson-Morley interferometer

4. The Pound-Rebkaexperiment

5. Millikanôs oil drop experiment



Q3: What was the first experiment to show that light is a wave? 

1. Youngôs double slit experiment

2. Galileoôs observation of Jupiterôs moons

3. The Michelson-Morley interferometer

4. The Pound-Rebkaexperiment

5. Millikanôs oil drop experiment



Q4:  What is a diffraction grating?

1.  A device used to grate cheese and other materials

2.  A musical instrument used to direct sound

3.  A plaque with a tiny circular aperture

4.  An opaque objects with many closely spaced slits

5.  Diffraction gratings?  I never heard of it.
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The double slit formula 

Tricky

A pair of screens are placed 13.7m apart. A third order fringe 

is seen on the screen 2.50cm from the central fringe. If the 

slits were cut 0.0960 cm apart, determine the wavelength of 

this light. Roughly what color is it? 

So Given:

L = 13.7 m 

m = 3

y = 2.50cm = 0.0250 m 

d = 0.0960cm = 9.60x10-4 m



Tricky:   If a yellow light with a wavelength of 540 nm 

shines on a double slit with the slits cut 0.0100 mm apart, 

determine what angle you should look away from the 

central fringe to see the second order fringe?
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http://www.colorado.edu/physics/2000/schroedinger/two-slit2.html

Let us try a simulation of the double slit experiment.

Just select below right click and open hyperlink

http://video.google.com/videosearch?hl=en&q=double+slit+examples&um=1&ie=UTF-

8&sa=X&oi=video_result_group&resnum=4&ct=title#hl=en&q=double%20slit%20exam

ples&um=1&ie=UTF-8&sa=X&oi=video_result_group&resnum=4&ct=title&start=10

Let us try a movie of the double slit experiment.

Just select below right click and open hyperlink

http://www.colorado.edu/physics/2000/schroedinger/two-slit2.html
http://video.google.com/videosearch?hl=en&q=double+slit+examples&um=1&ie=UTF-8&sa=X&oi=video_result_group&resnum=4&ct=title


Diffraction by a Single Slit or Disk

Light will also diffract around a single slit or obstacle.



Diffraction through a single slit

Diffraction refers to the spreading or bending of wavesaround edges.

The fringe pattern formed by a single slit consists of alternate 

bright and dark fringes and the fringes fade away from the centre. 

Here a = d, and D = L



Diffraction by a Single Slit or Disk

The resulting pattern of light and dark stripes is called a 

diffraction pattern.

This pattern arises because different points along a slit 

create wavelets that interfere with each other just as a 

double slit would.



Diffraction by a Single Slit or Disk

The minima of the single-slit diffraction pattern occur when

d



Q1.  Light of wavelength ɚ passes through a single slit of width d. The 

diffraction pattern is observed on a screen that is very far from the slit.  

Which of the following will give the greatest increase in the angular width of 

the central diffraction maximum?

A. Double the slit width d and double the wavelength ɚ.

B. Double the slit width d and halve the wavelength ɚ.

C. Halve the slit width d and double the wavelength ɚ.

D. Halve the slit width d and halve the wavelength ɚ.
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Tricky:  For a single slit experiment apparatus 

determine how far from the central fringe the 

first order violet (ɚ = 350nm) and red (ɚ = 

700nm) colors will appear if the screen is 10 m 

away and the slit is 0.050 cm wide.
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You can actually do the single slit experiment wherever you are right 

now! 

Hold two of your fingers very close together; there should be only the 

tiniest little gap between them that you can barely see through. Look 

towards a light source, a light bulb, through the gap in your fingers. In 

the gap between your fingers you should see very faint gray lines that 

run parallel to your fingers... these are the destructive interference 

"dark" fringes!

Try it ..



http://lectureonline.cl.msu.edu/~mmp/kap27/Gary-Diffraction/app.htm

Let us try this single slit patterns generator

http://lectureonline.cl.msu.edu/~mmp/kap27/Gary-Diffraction/app.htm


Diffraction Gratings

Note d is the distance between 

two adjacent lines



Like the double slit arrangement but with a 

much greater number of slits, or rulings,

sometimes as many as several 1000 per 

millimeter

Light passed through the grating forms 

narrow interference fringes that can be 

analyzed to determine the wavelength

As the number of rulings increases beyond 

2 the intensity plot changes from that of a 

double slit pattern to one with very narrow 

maxima (called lines)surrounded by 

relatively wide dark regions



Principal maxima, incident angle is zero 

where all waves interfere constructively are 

found with what is now a familiar procedure:

each m represents a different line and the 

integers are called order numbers

2-slit and 5-slit diffraction of red laser light
Note d is the distance between 

two adjacent lines

http://upload.wikimedia.org/wikipedia/commons/4/46/Diffraction2vs5.jpg


Example: A diffraction grating has 300 lines per mm.  When it 

is illuminated normally by light of wavelength 530 nm, what is 

the angle between the first and second order maxima? 

We need to figure out d

There are 300 lines per mm.  So there are 300000 lines per meter.

So       d  = 1/300000 = 0.00000333  = 3.33x10-6 meter
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So the angle between the first and the second order maxima is  18.54ï9.15 = 9.39



The maxima of the diffraction pattern are defined by

Diffraction Grating



Diffraction Grating

The maxima of the diffraction pattern are defined by



The Spectrometerand Spectroscopy

A spectrometer makes accurate measurements of 

wavelengths using a diffraction grating or prism.



The Spectrometerand Spectroscopy

The wavelength can be determined to high accuracy by 

measuring the angle at which the light is diffracted.

Atoms and molecules can be identified when they are 

in a thin gas through their characteristic emission 

lines.



Interference by Thin Films

Another way path lengths can differ, and waves interfere, 

is if the travel through different media. 

If there is a very thin film of material ïa few 

wavelengths thick ïlight will reflect from both the 

bottom and the top of the layer, causing interference.

This can be seen in soap bubbles and oil slicks, for 

example.



Interference by Thin Films

Consider a thin film of gasoline 

floating on a thick layer of 

water.

It turns out that when light 

coming from a smaller index of 

refraction (n-air) to a larger 

index of refraction (n-gasoline) 

and gets reflected, there will 

be what is called phase change.  

But when light coming from a 

larger n to a smaller n, there 

will be no phase change.



Reflection at the boundaries

Reflect from medium with higher

n2>n1 phase change bybyd = l/2

(half wave length)

Reflect from medium with lower n2 

< n1 Ą no phase change by d = 0

See the difference

Between the waves 

Small n
Larger n

Larger n

Small n



Interferenceby Thin Films

It turns out that when light 

coming from a smaller index of 

refraction (n-air) to a larger 

index of refraction (n-gasoline) 

and gets reflected, there will be 

what is called phase change.  

But when light coming from a 

larger n to a smaller n, there 

will be no phase change.

Ray 1 will experience a 

Phase change

Ray 2 will not 

experience a 

Phase change

The phase change is l/2

The phase change is l/2



Interferenceby Thin Films

Ray 1 will experience a 

Phase change by l/2

Ray 2 will not 

experience a 

Phase change

The phase change is l/2
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Interferenceby Thin Films

Ray 1 will experience a 

Phase change by l/2

Ray 2 will not 

experience a 

Phase change

The phase change is l/2n
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Interference by Thin Films

A similar effect takes place when a shallowly curved 

piece of glass is placed on a flat one. When viewed from 

above, concentric circles appear that are called 

Newtonôs rings.



Interference by Thin Films

One can also create a thin film of air by creating a wedge-

shaped gap between two pieces of glass.



Interference by Thin Films

Problem Solving: Interference

1. Interference occurs when two or more waves arrive 

simultaneously at the same point in space.

2. Constructive interference occurs when the waves are in phase.

3. Destructive interference occurs when the waves are out of 

phase.

4. An extra half-wavelength shift occurs when light reflects from a 

medium with higher refractive index.
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Suppose there are 15 fringes in one cm, so here y = md, 

where d = (1/15) cm.  Keep the units straight.
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Example 1: Two rectangular pieces of plane glass sit one atop another on a flat table. A 

thin strip of paper is placed between the edges of the glass pieces so that there is a very 

small wedge of air between them. The glass pieces are then illuminated at normal 

incidence by 546 nm light from a monochromatic light source. Interference fringes are 

formed with 15.0 fringes per centimeter. Find the angle of the wedge.



Ä Interference in an air wedge between two glass plates:

ÅRay 1: reflected at A (no phase change)

ÅRay 2: travels path ABC (phase change of p = l/2at B)

ÄConstructive interference:

2t -l/2 = ml                 2t = (m+1/2)l

ÄDestructive interference:

2t + l/2 = (m+1/2)l           2t =ml

Ý Difference is ABC = 2t -l/2 (it qis small).
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ÄDistance xm from line of contact to mth dark fringe:

Since 2tm =ml and xm = tm(L/h) then:

xm = (ml/2)(L/h) 



Polarization

Light is polarized when its 

electric fields oscillate in a 

single plane, rather than in 

any direction perpendicular 

to the direction of 

propagation.



Polarization

Polarized light will not be transmitted through a polarized 

film whose axis is perpendicular to the polarization 

direction.



Polarization


