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Wave Phenomena 

In phase:  (A,E,I)  (B,F)  (D,H)  (C,G) 

 

The phase difference between any points in phase is 0. 

Completely out of phase: (A,C) (B,D) (A,G) (B,H) 

 

The phase difference between  

any points completely out of phase is π or 180
0
. 

 

Phase:  The phase of any particle is its position in its cycle of oscillation. 

Reflection at a Boundary between Two Media 

I.  Fixed End Reflection (Hard Reflection) 

Phase Difference:  π or 180
0
. 

Reason:   Rope applies upward force on support 

(incident pulse).  By Newtons 3
rd

 law, support 

applies downward force on rope (reflected pulse). 

II.  Free End Reflection (Soft Reflection) 

Phase Difference:  0 

Superposition and Interference 

Principle of Linear Superposition: When two or more waves (pulses) meet, the resultant displacement is the 

vector sum of the individual displacements. 

Constructive Interference: superposition of 

two or more pulses or waves in phase 

Equal Amplitudes 

Unequal Amplitudes 

Destructive Interference: superposition of 

two or more pulses or waves out of phase 

Equal Amplitudes – Complete destructive interference 

Unequal Amplitudes 
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Standing (Stationary) Waves 

Node: location of constant complete destructive interference 

Anti-Node: location of maximum constructive interference 

When the two 

component waves 

meet in phase, 

constructive 

interference takes 

place. 

How are standing waves formed? 

 
1. A traveling wave moving in one direction in a medium is reflected off the end of the medium. 

 

2. This sends a reflected wave traveling in the opposite direction in the medium.  This second wave is (nearly) 

identical with the first traveling wave. (same frequency, same wavelength, almost same amplitude) 

 

3. The two identical waves traveling in opposite directions interfere with each other creating the standing wave whose 

amplitude at any point is the superposition of the components’ amplitudes. 

When the two 

component waves 

meet out of phase, 

destructive 

interference takes 

place. 

One possible standing wave on a string 

 
Standing (Stationary) Wave Traveling Wave 

Energy 
Energy is not transferred by the wave, 

but it does have energy stored in it. 

Energy is transferred by the 

wave. 

Amplitude 

All points on the wave have a 

different amplitude (= variable 

amplitude).  The maximum amplitude 

is 2A at the antinodes and 0 at the 

nodes. 

All points on the wave have 

the same amplitude (= fixed 

amplitude) – provided energy 

is not dissipated. 

Wavelength 

Same as the wavelength of the 

component waves. 

Equal to twice the distance between 

any two consecutive nodes (or 

antinodes). 

Equal to the shortest distance 

along the wave between any 

two points that are in phase. 

Frequency 

All particles oscillate in SHM with the 

same frequency as the component 

waves. 

All particles oscillate in SHM 

with the same frequency. 

Phase 

All points in one section between two 

consecutive nodes (or antinodes) are 

moving in phase.  All points in the 

next section are 180
0
 out of phase with 

all points in this section. 

Thus, the only possible phase 

differences are 0
0
 and 180

0
. 

All points within one 

wavelength have a different 

phase.   

Thus, all phase differences 

are possible. 
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Transverse Standing Wave: String fixed at both ends 

1
st
 Harmonic (fundamental) 

2
nd

 Harmonic (1
st
 overtone) 

3
rd

 Harmonic (2
nd

 overtone) 

v =  1200 m/s 

 

L = ½ λ1 

 

 

λ1 = 2 L  = 12 m 

 

 

f1 = v / λ1 = 1200 / 12 = 100 Hz  

 

v = 1200 m/s 

 

L = λ2 

 

 

λ2 =  L  = 6 m 

 

 

f2 = v / λ2 = 1200 / 6 = 200 Hz = 2 f1 

 

v = 1200 m/s 

 

L = 3/2 λ3 

 

 

λ3 = 2/3 L  = 4 m 

 

 

f3 = v / λ3 = 1200 / 4 = 300 Hz = 3 f1 

 

Boundary conditions for transverse standing waves on a string:  2 fixed ends – node at each end 

 

 

Fundamental wavelength   L = ½ λ1         so     λ1 = 2L 

and frequency:   

f1 = v/λ1  =  v / 2L 

 

Other natural frequencies   fn = n f1 = n [ v/ (2 L)]          where n = 1,2,3,4,… 

(Resonant modes):         
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Longitudinal Standing Waves: Pipe open at both ends 

 

1
st
 Harmonic (fundamental) 

v =  340 m/s 

 

L = ½ λ1 

 

 

λ1 = 2 L  = 1.2 m 

 

 

f1 = v / λ1 = 340 / 1.2 = 283 Hz  

 

2
nd

 Harmonic (1
st
 overtone) 

3
rd

 Harmonic (2
nd

 overtone) 

v = 340 m/s 

 

L = λ2 

 

 

λ2 =  L  = 0.6 m 

 

 

f2 = v / λ2 = 340 / 0.6 = 567 Hz = 2 f1 

 

 

v = 340 m/s 

 

L = 3/2 λ3 

 

 

λ3 = 2/3 L  = 0.4 m 

 

 

f3 = v / λ3 = 340 / 0.4 = 850 Hz = 3 f1 

 

 

Boundary conditions for a pipe open at both ends:  2 free ends – antinode at each end 

 

 

Fundamental wavelength   L = ½ λ1         so     λ1 = 2L 

and frequency:      

f1 = v/λ1  =  v / 2L 

 

Other natural frequencies  fn = n f1 = n [ v/ (2 L)]     where n = 1,2,3,4,… 

(Resonant modes):         
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Longitudinal Standing Waves: Pipe closed at one end 

1
st
 Harmonic (fundamental) 

3
rd

  Harmonic  

5
th

  Harmonic 

v =  340 m/s 

 

L = ¼ λ1 

 

 

λ1 = 4 L  = 2.4 m 

 

 

f1 = v / λ1 = 340 / 2.4 = 142 Hz  

 

v = 340 m/s 

 

L = ¾ λ3 

 

 

λ3 =  4/3 L  = 0.8 m 

 

 

f3 = v / λ3 = 340 / 0.8 = 425 Hz = 3 f1 

 

v = 340 m/s 

 

L = 5/4  λ5 

 

 

λ5 = 4/5 L  = 0.48 m 

 

 

f5 = v / λ5 = 340 / 0.48 = 708 Hz = 5 f1 

 

 

Boundary conditions for a pipe closed at one end:  1 fixed and one free end – one node and one antinode 

 

 

Fundamental wavelength                       L = ¼  λ1         so     λ1 = 4L 

and frequency:  

 f1 = v/λ1  =  v / 4L 

 

Other natural frequencies                       fn = n f1 = n [ v/ (4 L)]        where  n= 1,3,5…           

(Resonant modes):         

 

IB 12 

6 

1.  A violin string that is 40.0 cm long has a fundamental frequency of 440 Hz.  What is the speed of the waves on this string? 

2.  A flute is essentially a pipe open at both ends.  What are the first two harmonics of a 66.0 cm flute with all of its keys closed 

(making the vibrating column of air approximately equal to the length of the flute)?  Assume the flute is at room temperature. 

3.  What is the fundamental frequency and wavelength of a 0.50 m organ pipe that is closed at one end, when the speed of sound in 

the pipe is 352 m/s? 

4.  A 256 Hz tuning fork is used in a 

resonance tube and the first two 

resonances of the fundamental 

frequency are found at 0.32 m 

and 0.98 m.  What is the speed 

of sound under the present 

laboratory conditions? 

Resonance Tube 

L1 = ¼ λ 

 

L2 = ¾ λ 

 

L2 – L1 = ½ λ = 0.66 m 

 

v = f λ = (256 Hz) (1.32 m) = 

338 m/s 
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The Doppler Effect 

Doppler Effect: The change in frequency of a wave detected by an observer because the wave source 

and the observer have different velocities with respect to the medium of the wave propagation. 

Sound – change in pitch 

 

Light – change in frequency (color) 

Note: In general, the velocities of the source and/or detector are specified 

with respect to the medium of propagation.  However, light is unique in 

that there is no medium of propagation so it is the relative velocity of the 

source and detector that is relevant. 

Stationary source and stationary observers 

Moving source and stationary observers 

The number of compressions reaching each observer’s ear 

per second is the same so each hears a sound of the same 

frequency.  This frequency is identical to the frequency of 

the source so there is no Doppler shift. 

Source moving away from 

observer #1: 

 

Fewer waves detected per 

second 

Lower frequency 

Lower pitch heard 

Longer wavelength 

Source moving toward observer #2: 

 

More waves detected per second 

Higher frequency 

Higher pitch heard 

Shorter wavelength 

For truck moving at constant velocity:  one constant high pitch when 

moving toward and one constant low pitch heard when moving away 

 

 

For truck speeding up:  pitch increases and then decreases 

time 

fr
eq

u
en

cy
 

Doppler Formula (moving source) 

'
s

v
f f

v u

 
=  ± 

f = original frequency 

f’ = shifted frequency 

v = speed of sound in medium 

us = speed of source relative to 

medium 

 

STS – source toward subtract 

EXAMPLE - A high-speed train is traveling at a speed of 44.7 m/s (100 mi/h) when 

the engineer sounds the 415-Hz warning horn. The speed of sound in air is 343 m/s. 

What are the frequency and wavelength of the sound, as perceived by a person 

standing at a crossing, when the train is approaching? 

343
' 415

343 44.7

' 477 Hz

343
'  0.72 

' 477

f

f

v
m

f
λ

 =  − 
=

= = =
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Observer moving toward source:   

Encounters more waves per second 

Higher frequency = higher pitch 

 

Observer moving away from source:   

Encounters fewer waves per second 

Lower frequency = lower pitch 

 

Doppler shift for moving observer and 

stationary source 

Is a moving observer equivalent to a moving source? 

No. since velocity of each with respect to medium is not the same. 

 

Wind but no motion of either source or observer = no change in pitch 

EXAMPLE - The security alarm on a parked car goes off and produces a 

frequency of 960 Hz. The speed of sound in air is 343 m/s. What is the 

frequency you perceive as you drive toward this parked car at 20. m/s? 

343 20
' 960

343

' 1016 Hz

f

f

+ =  
 

=

Doppler Formula (moving observer) 

' ov u
f f

v

± =  
 

uo = speed of observer relative 

to medium 

 

OTA – observer toward add 

Doppler Shift for EM radiation 

Blue shift: source and observer moving towards each other 

Red shift:  source and observer moving away from each other 

Doppler Formula (EM radiation) 

when 

v
f f

c

v c

∆ ≈

<<
v = relative speed of 

source and observer 

∆f = frequency shift 

EXAMPLE – A star is moving away from Earth at a speed of 3.0 x 10
5
 m/s.  One of 

the elements in the star emits light with a frequency of 6.0 x 10
14

 Hz.  By how 

much is the frequency shifted when it is received by a telescope on Earth? 

5
14

8

11

3.0 10
6.0 10

3.0 10

6.0 10

x
f x

x

f x Hz

∆ ≈

∆ =
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Examples of the Doppler Effect 

1.  Measuring the speed of vehicles 

 
Police use radar to measure the speed of moving vehicles to see if they are 

breaking the speed limit.  A pulse of radio waves of known frequency is 

emitted, reflected off the moving vehicle and reflected back to the source.  

The change between the frequency emitted and the frequency received is 

used to calculate the speed of the car. 

2.   Blood-flow measurements 

 
Doctors use a ‘Doppler flow meter’ to measure the speed of blood flow.  Transmitting and 

receiving elements are placed directly on the skin and an ultrasound signal (sound whose 

frequency is around 5 MHz) is emitted, reflected off moving red blood cells and then 

received.  The difference in transmitted and received frequencies is then used to calculate 

how fast blood is flowing which can help doctors identify constricted arteries.  

3.   Determining rotation rates 

 
When an object such as a cyclone or a distant star rotates, one side is moving toward the 

observer and one side is moving away.  For a cyclone, radio pulses known as radar are 

transmitted and reflected from each side of the rotating air mass and the difference in Doppler 

shift from each side can be used to calculate the rate at which it is rotating.  Similarly, the 

atomic absorption spectrum of the light from a star will be blue-shifted from one side and red-

shifted from the other so this difference can be used to determine its rotational rate. 

Diffraction 
Diffraction:  the bending or spreading of a wave when it passes through a small opening (aperture) or 

around a barrier 

1.  The wave diffracts around the barrier at the edges, 

leaving a “shadow” region behind it where the wave 

does not reach. The smaller the object is compared 

to the wavelength, the smaller the shadow region 

and the more the wave reaches behind the obstacle.  

If the obstacle is small compared to the wavelength, 

no noticeable diffraction occurs. 

2.  A wave also spreads 

out (diffracts) when 

it passes through a 

small opening 

(aperture).  In this 

way, a plane wave 

can act like a point 

source. 

3.  The larger the aperture size (slit width) compared to the 

wavelength of the wave, the less the wave diffracts.   

b:   slit width – aperture size 

Condition for noticeable diffraction: 
Size of opening should be approximately equal to the wavelength   (b≈λ) 
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Path Length (ℓ) – distance traveled by a wave from source to a location 

Path Difference (∆ℓ) – difference in path lengths between two waves = | ℓ1 - ℓ2 | 

Interference of Waves in Two Dimensions 



IB 12 

11 

Anti-nodal Line:  line of maximum constructive 

interference 

 

 

 

Conditions for Anti-nodal Line 

 

Phase difference:  0 

 

Path difference: 

∆ℓ = n λ   where n = 0, 1, 2, 3, … 

Nodal Line:  line of constant complete destructive 

interference 

 

 

 

Conditions for Nodal Line 

 

Phase difference:  180
0
 or π 

 

Path difference: 

∆ℓ = (n + ½ ) λ   where n = 0, 1, 2, 3, … 

Conditions for a stable interference pattern: 

 

1)  waves have approximately same amplitude/intensity 

 

 2)  sources are coherent 

 

Coherent waves:  waves that have a constant phase relationship – not necessarily in phase 

 

1.  A square is 3.5 m on a side, and point A is the midpoint of one of its sides. On the side 

opposite this spot, two in-phase loudspeakers are located at adjacent corners. Standing 

at point A, you hear a loud sound and as you walk along the side of the square toward 

either empty corner, the loudness diminishes gradually but does not entirely disappear 

until you reach either empty corner, where you hear no sound at all. Find the 

wavelength of the sound waves. 

∆ℓ = ½ λ   = 1.449 

λ = 2.9 m 

2.  The same set-up as above is used but now the frequency of sound emitted by both 

speakers is increased to 700 Hz.  This time, as you walk along the side of the square 

from A toward an empty corner, you hear the loud sound at A alternately diminish to no 

sound and then increase to a maximum again.  By the time you arrive at the corner, you 

have noticed the sound disappear three times.  Use this information to estimate a speed 

for sound. 

∆ℓ = 3 λ   = 1.449 

λ = 0.483 m 

v=f λ = (700)(0.483) = 388 m/s 
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Interference of Light 

Young’s Double Slit Experiment 
 

In 1801 the English scientist Thomas Young (1773–1829) performed an historic experiment that 

demonstrated the wave nature of light by showing that two overlapping light waves interfered with 

each other.   

 

Importance of experiment:  

 

1)  convincing evidence that light consisted of waves and not particles, since only waves could 

interfere with each other.  

 

2)  first determination of the wavelength of light. 

Single Slit Diffraction and Interference 

Why is there an interference pattern when light travels 

through a single slit?   

different parts of the wave interfere with itself as it spreads 

Features of the Single Slit Intensity Pattern 

 

 

a)  Wide central maximum – wider than other fringes 

 

 

 

 

b)  Bright central maximum – much brighter than other fringes 

 

 

 

 

c)  secondary maxima – equal width and spacing 

The intensity pattern for single slit diffraction 

b

λ
θ =

Narrow slit Wide slit 

Position of first minimum 

θ must be in radians 
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Derivation of Single Slit Formula 

1.  Break wavefront into separate point 

sources.  Assume screen is very far from 

the slit so that the rays are parallel when 

they interfere destructively at the first 

dark fringe (first minimum). 

2.  Match points in pairs that are ½ 

slit width apart:  

     

     1 and 3, 2 and 4 (ignore 5) 

 

3.  Draw small right triangle 

perpendicular to rays. Wavelet pairs 

interfere destructively if the path 

difference is ½ λ. 

 

4.  Calculate: 

θ = λ / b 

for θ in radians 
 

draw small triangle to show 

θ = λ/b = d/D 

 

Half-width of central maximum:   location of first dark fringe 
 

EXAMPLE: Light passes through a single slit and shines on a flat screen that is located 0.40 m away.  The width of the slit is 

4.0×10
-6

 m. Determine the width of the central bright fringe when the wavelength of the light in a vacuum is λ = 690 nm (red). 

Half width: 

θ = 0.1725 rad = 9. 9
o
 

s = 0.069 m 

 

width: 

2θ = 0.35 rad = 19.8
o
 

2s = 0.14 m 
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Resolution 

Resolution:  the ability to distinguish between 

two sources of light 

The ability to resolve two sources of light depends on . . .  

 

distance away from aperture 

distance between two sources 

wavelength 

size of aperture 

Resolution of two sources 

through a circular aperture 

 

Examples: 

pupil of eye, telescope, 

microscope 

Resolution of two sources 

through a single slit 

Intensity Patterns 

Rayleigh Criterion:  For two sources to be “just resolved,” the first minimum of one diffraction pattern 

is located on top of the central maximum of the other diffraction pattern. 

Resolving Power:  the minimum angle between sources for them to be 

“just resolved” = ½ width of one diffraction pattern 

Well resolved 

Not resolved 

Just resolved 

Single Slit Circular 

Aperture 
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Distance Relationship 

1.   The brightest star in the winter sky in the Northern Hemisphere is Sirius.  In reality, Sirius is a system of two stars that orbit each 

other.  The Hubble Space Telescope (diameter 2.4 m) is pointed at the Sirius system, which is 7.98 x 10
16

 meters from Earth.  

2.2 x 1010 m 

 

Assumption:  average light coming in from the stars has a wavelength of 500 nm. 

a)  What is the minimum separation needed between the stars in order for the telescope to just resolve them?   

 

b)  What is the resolving power of the telescope? 

2.  a)  What is the resolving power of your eye? 

 
2 x 10-4 rad 

Assumptions: 

b)  How far away can a car be for you to just distinguish between the two headlights at night? 

Assumptions: 

R = 10 km 

Diameter of pupil approx = 3 mm 

Distance between headlights = 2 m 
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Significance of Resolution 

Due to diffraction effects, all devices have a limit on their ability to perceive and to resolve 

between sources of light.  For instance, our eyes can never see atoms since atoms are smaller than 

the wavelength of visible light so light waves will just diffract around them.  Here are some cases 

where diffraction and resolution are important. 

1.  CDs and DVDs 

 
CDs and DVDs store digital information as “bumps” and “pits” etched into a 

plastic surface.  Music CDs have data tracks approximately 5 x 10
-7

 m wide 

with the bumps and pits just over 1 x 10
-7

 m high.  The bumps and pits on a 

DVD are much smaller so that more data can be stored.  The data is read by 

reflecting a laser beam off the surface.  The wavelength of laser light used to 

read the data and the size of the aperture of the lens used to receive the laser 

light places a limit on how close together the bumps and pits can be placed, 

that is, places a limit on the resolution of the data. 

2.  Electron Microscopes 

 
In order to resolve objects beyond the limits imposed by the wavelength of 

visible light, the wave properties of electrons are used in electron microscopes.  

The de Broglie wavelength of an electron is much smaller than the wavelength 

of a photon of visible light so a microscope using an electron beam can resolve 

objects that are much smaller than those of a light microscope. 

3.  Radio Telescopes 

 
Astronomers often wish to detect the radio waves emitted by very distant objects like quasars and galaxies.  

However, since the wavelength of radio waves is much larger than visible light, the ability of a radio telescope to 

resolve sources is more limited than that of light telescopes.  To get around this limitation, astronomers use two 

or more radio telescopes separated by a large distance, called a Very Large Array (VLA).  For instance, in New 

Mexico, there is a VLA consisting of 27 parabolic dishes each of diameter 25 m arranged in a Y-shape that 

covers an area of 570 km
2
.   

EXAMPLE:  The Galaxy Cygnus A can be resolved optically as an elliptically shaped galaxy. However, it 

is also a strong emitter of radio waves of wavelength 0.15 m.  The Galaxy is estimated to be 5.0 x 10
24

 m 

from Earth. 
 
 Use of a radio telescope shows that the radio emission is from two sources separated by a 

distance of 3.0 x 10
21

 m.  Estimate the diameter of the dish required to just resolve the sources. 

θ  =  6.0 x 10
-4

 rad 

 

d = 3000 m  (much too big for one dish) 
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Polarization of Light 

Nature of EM Waves:   

 

1. produced by oscillation of electric charge  

 

2. creates varying electric and magnetic fields that are perpendicular 

 

3. transverse wave 

 

4. plane of vibration is arbitrarily plane of E field vibration 

Polarized Light – light in which the electric 

field vector vibrates in one plane only 

Unpolarized Light – light in which the 

electric field vectors vibrates in random 

directions 

Polarization of sunlight: 

1.  from scattering by molecules in atmosphere: Sunlight is polarized in a direction 

perpendicular to direction of wave velocity. 

2.  by reflection from non-metallic surface:   Incident sunlight is unpolarized. Reflected and 

refracted rays are partially polarized by the surface.  The plane of polarization of the 

reflected light is horizontal (parallel to surface).  If the reflected and refracted rays are 

perpendicular, the reflected light is completely polarized.  The angle of incidence for this 

complete polarization depends on relative indices of refraction of the two substances and 

is known as Brewster’s angle (φ ). 

Brewster’s Law – When light is incident on a surface at such an angle that the 

reflected and transmitted rays are perpendicular and the reflected ray is totally 

plane polarized, then the index of refraction of the substance is equal to the 

tangent of the angle of incidence. (n = tan φ ) 

0

0

sin sin

if  1.00

sin

sin

90

sin

sin(90 )

tan

tan

i i r r

i

i

r

i

i

i

n n

n

n

i r

n

n

n

θ θ

θ
θ

θ
θ

θ

φ

=

=

=

+ =

=
−

=

=

Derivation: 
Example:  What is Brewster’s angle for 

sunlight reflected off a lake? 

0

tan

1.33 tan

53

n φ
φ

φ

=

=

=
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Polarizer – device that produces plane polarized light from an unpolarized beam 

 

Transmission axis – direction of polarization that a polarizer allows through 

 

Transmission axis of polarizer is parallel to 

the plane of polarization of the wave. 

Transmission axis of polarizer is perpendicular 

to the plane of polarization of the wave. 

A simple model of a polarizer using a wave on a rope 

NOTE: only transverse waves can be polarized – not longitudinal waves – sound cannot be polarized. 

A more sophisticated model of a polarizer using light 

Polarizer allows ½ original intensity through since ½ 

of components of all waves are parallel to 

transmission axis 

How do polarized sunglasses reduce glare? 

Transmission axis is vertical – does not allow glare to pass 

through since glare is light that has been horizontally 

polarized by reflection from non-metallic surface 

Analyzer – polarizer used to detect polarized light 

When the transmission axis of the analyzer is 

parallel to that of the polarizer . . .polarized light 

passes through 

When the transmission axis of the analyzer is 

perpendicular to that of the polarizer . . .no light 

passes through 
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What happens when the analyzer is neither parallel nor perpendicular to the polarizer? 

The component of the polarized 

light parallel to the transmission 

axis of the analyzer is allowed 

to pass through 

Malus’ Law – the transmitted intensity of polarized light is equal to the product of the 

incident intensity times the square of the cosine of the angle between the direction of the 

analyzer and the direction of the electric field vibration of the polarized light (I = Io cos
2
 θ ) 

 

2

2

2 2

2

0

( cos )

cos

cos

I A

I E

I E

I I

α

α θ

α θ

θ=

Derivation: 
θ = angle between 

transmission axis of 

polarizer and analyzer 

1.  Natural, unpolarized light of intensity 6.0 W m
-2

  is incident on two polaroids oriented at 600 

to each other.  Find the intensity of the light transmitted through both of them. 

½ through first one 

Malus law 

= 0.75 W m
-2

 

=0.75 cd 

Optically Active Substance –  
 

1) one that rotates the plane of polarization of the light that passes through it  

 

 

2) one that changes the plane in which the electric field vector of the light vibrates 

 

How can light be transmitted through “crossed polarizers?” 

Insert a third polarizer between the original polarizer and the 

analyzer. 

Some component of light from the first will make it through the 

second and some component of the second will make it through 

the third 

The intermediate polarizer “rotates the plane of polarization” at 

the cost of lost intensity. 
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Applications: 

1.  Determining the concentration of solutions 

 

 Eg – sugar solutions are optically active – intensity of light passing through is 

inversely proportional to concentration and distance through solution 

Using a polarizer and analyzer to find angle of rotation for maximum intensity allows 

calculation of concentration 

2.  Stress analysis 

 

 Some materials are optically active under stress and allow different colors 

to pass through at different angles.  Engineers can build models out of plastic and 

subject them to stress and view through polarizers and analyzers to determine 

points of probable mechanical failure due to high stress. 

3.  Liquid crystal displays (LCD) 

 

 Liquid crystal rotates plane of polarization to block light when activated – seen 

as a dark spot – number, letter, etc. 

 


