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Physical Constants in CGS Units 
speed of light    c = 31010cm/sec = 1000 ft /sec = 1 ft 
/nanosecond 
acceleration due to gravity 
at the surface of the earth  g = 980 cm/sec2 = 32 ft/sec2 

gravitational constant   G = 6.6710– 8cm3/ (gm sec2) 

charge on an electron   e = 4.810– 10esu 

Planck's constant   h = 6.6210– 27erg sec (gm cm2/sec ) 

Planck constant /2𝜋 h = 1.0610– 27erg sec (gm cm2 / sec ) 

Bohr radius    a0 = .52910– 8cm 

rest mass of electron   me= 0.91110– 27gm 

rest mass of proton   Mp = 1.6710 – 24gm 

rest energy of electron  me c2
 = 0.51MeV ( 1 / 2 MeV) 

rest energy of proton   Mp c 2
 = 0.938 BeV ( 1 BeV) 

proton radius    rp = 1.010– 13cm 

Boltzmann's constant   k = 1.3810 – 16ergs/ kelvin 

Avogadro's number   N0 = 6.0210 23molecules/mole 

absolute    zero = 0K = 273C 
density of mercury   = 13 .6 gm / cm3 

mass of earth    = 5.9 810 27gm 

mass of the moon   = 7.3 510 25gm 

mass of the sun   = 1.9 710 33gm 

earth radius    = 6.3 810 8cm = 3960mi 

moon radius    = 1.7 410 8cm = 1080mi 

mean distance to moon   = 3.8 410 10cm 

mean distance to sun   = 1.5 010 13cm 
me an earth velocity in orbit about sun = 29.77 km / sec 
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UNIT-2 

Principle of Superposition of 
Waves 

Waves surround us and their presence works to channelize a 
number of phenomena. Imagine you are in a boat and hear the 
siren of a ship. In this case, you’ll be able to receive sound wave 
directly from the ship siren, as well as the sound wave that gets 
reflected by the seawater. In order to understand this concept, let 
us put our focus on the core concept of Superposition of Waves, 
together with the in-depth knowledge related to superposition 
theorem. 

Introduction to Superposition of Waves 

Let us take the example of a string wave to define the principle of 

superposition of wave that is based on the superposition theorem. And 

according to this, the net displacement of any component on the string 

for a given time is equal to the algebraic totality of the displacements 

caused due to each wave. Hence, this method of adding up individual 

waveforms for the evaluation of net waveform is termed as 

the principle of superposition. 



 

The principle of superposition is expressed by affirming that 

overlapping waves add algebraically to create a resultant wave. Based 

on the principle, the overlapping waves (f1,f2….,fn) do not hamper the 

motion or travel of each other. Therefore, the wave function (y) 

labelling the disturbance in the medium can be denoted as: 

 

Hence, the superposition of waves can lead to the following three 

effects: 

1. Whenever two waves having the same frequency travel with the 
same speed along the same direction in a specific medium, then 
they superpose and create an effect termed as the interference of 
waves. 

2. In a situation where two waves having similar frequencies move with 
the same speed along opposite directions in a specific medium, then 
they superpose to produce stationary waves. 



3. Finally, when two waves having slightly varying frequencies travel 
with the same speed along the same direction in a specific medium, 
they superpose to produce beats. 

Learn more about Transverse and Longitudinal Wave here. 

Constructive & Destructive Interference 

It is when two waves (similar wavelength, amplitude, and frequency) 

move in a specific or same direction. According to the superposition 

principle, the subsequent wave displacement can be written as: 

 

This wave has an amplitude that depends on the phase (ϕ). Hence, 
when the two waves are believed to be in-phase (ϕ=0), then they 
interfere constructively. Furthermore, the resultant wave holds twice 
the amplitude as compared to the individual waves. On the other hand, 
when two waves possess opposite-phase (ϕ=180), then they interfere 
destructively; canceling each other out. 

Two Sine Waves Moving in Opposite Directions (Standing Wave) 

Do remember that, a traveling wave propagates from one place to 

another, however, a standing wave looks as if its still. Suppose two 

waves (having the same amplitude, wavelength, and frequency) move in 

opposite directions. Based on the principle of superposition, the final 

wave amplitude can be written as: 

 

https://www.toppr.com/guides/physics/waves/transverse-wave-and-longitudinal-wave/


As per the superposition theorem, this wave is no longer termed as a 
traveling wave since the position and time dependency has been 
separated. In this, the wave amplitude as a function of point or location 
is 2ymsin(kx). To be precise, this amplitude wouldn’t travel but will 
stand and oscillate up and down based on cos(ωt). 

Two-slit interference 

The prototypical example of interference is the two-slit experiment. Consider 
monochromatic (single wavelength) light incident on two narrow slits as shown. 

 

Wave crests leaving the upper and lower slits at a given instant of time are 
indicated by the violet and green lines. In the directions shown by the blue 
lines, the violet and green waves rise and fall together, giving constructive 
interference in those directions. Midway between those directions, the two 
contributions are 180 degrees out of phase, so they tend to cancel one 
another. The result is that if a screen is placed to the right, an interference 
pattern is seen: there are peaks in the brightness in the direction of the blue 
arrows, with dark bands in between. 

To solve for the angular position of the maxima, consider two rays emited at 

an angle  from each of the slits. The screen is assumed to be very far away 
(in comparison to the distance between the slits), so the rays from to the two 



slits to any given point on the screen are nearly parallel. If the distance x is 
an integer number m of wavelengths, a bright maximum will appear on the 
screen. The formula for the positions of those maxima is 

 

 

A second formula is needed to relate the positions on the screen to the 

angle . The screen, the center line, and the line to an arbitrary point on the 
screen form a right triangle, leading to the formula 

 

where L is the distance from the slits to the screen and y is the distance 
measured on the screen from the forward direction (the central maximum). 
For two-slit interference, the interference pattern is only easy to see at rather 

small angles, for which it is an excellent approximation to take tan and 

sin to be equal. For diffraction gratings, however, that approximation is not 
necessarily adequate because pattern can be observed also at large angles. 

 

 



Retardation, Interference Colors 

• In anisotropic crystals, the two rays of light produced by double 

refraction travel at different velocities through the crystal. It takes the 

slow ray longer to traverse the crystal than it takes the fast ray. The fast 

ray will have passed through the crystal and traveled some distance ∆ 

beyond the crystal before the slow ray reaches the surface of the crystal. 

This distance ∆ is called the retardation. 

 

• The retardation ∆ may be calculated as follows. If tS is the time in 

seconds that it takes the slow ray to traverse the crystal and tF is the time 

it takes the fast ray to traverse the crystal, then the distance ∆ that the 

fast ray travels beyond the crystal before the slow ray emerges is 

 

where c is the velocity of light in a vacuum, which is very close to the 
velocity of light in air. For a crystal of thickness h with velocities vF and 
vS , t F and tS may be replaced by h/vF and h/vS {units: (m)/(m/s) = s}, 
respectively, to give 

 



Recalling the definition of the refractive index n, the equation for ∆ 
becomes 

 

Because refractive indices are dimensionless, ∆ will be in the same units 

as h, normally nanometers (nm). Note that the difference in path length 

for the O and E rays has been neglected in this calculation. In fact, for 

calcite the angle is only about 5°, so the path length difference is only 

about a factor of 0.005. For most other minerals the angle is much 

smaller. 

• The birefringence of a mineral grain is defined as the absolute value of 

the difference between the refractive indices of the two rays |nS - nF| for 

that grain. The maximum birefringence of a mineral is defined as the 

difference δ between the largest and smallest refractive indices for that 

mineral. Because thin sections are always the same thickness (h=3000 

nm), the birefringence for a mineral in a particular orientation should be 

the same in all thin sections. Retardation for a particular mineral will be 

greatest when the mineral is oriented so that the two rays have the 

maximum and minimum refractive indices for the mineral. 

 • When the two rays of light emerge from an anisotropic crystal, they 

will recombine (following the rules of vector addition) to produce a 

resultant ray. If there were no retardation, the resultant ray would be 

identical to the incident ray. No light would pass the analyzer and the 

crystal would appear dark (extinct). However, retardation leads to a new 

resultant that does have an electric vector component that will pass the 

analyzer. If the light source is monochromatic, the crystal will appear 

lighter or darker, depending on the retardation. If the light source is 

polychomatic (white light), the crystal will exhibit interference colors.  

• To understand the origin of interference colors, we must examine the 

electric vectors at various points along a pair of light waves (emerging 



from an anisotropic crystal) and the resultant light wave. If the two rays 

of monochromatic light are in phase, the resultant wave will have the 

 

same plane of polarization as the incident wave: If the two rays of 

monochromatic light are out of phase due to retardation, then the 

resultant 

 

wave will have a new orientation. If the two rays are λ/2 out of phase, 

the resultant will be: 

 



If the two rays are λ/4 out of phase, the resultant will be circularly 

polarized: • Transmission of the resultant wave when the analyzer (the 

upper polarizing filter) is in place will depend on the orientation(s) of 

the resultant vibration directions with respect to the orientation of the 

analyzer. In most cases, some of the resultant wave is transmitted and 

interference colors are observed. However, if the one of the vibration 

directions of the crystal is parallel to that of the polarizer, then all of the 

light will pass through the crystal maintaining the analyzer’s plane of 

polarization. Because there is in effect only one ray in this case, there is 

no interference when the light emerges from the crystal and, therefore, 

no interference color. Extinction is the dark appearance of a crystal 

between crossed polarizers when a vibration direction in the crystal is 

parallel to the vibration direction of the polarizer. Anisotropic crystals 

will become extinct four times as the stage of a polarizing microscope is 

rotated 360°. The maximum amount of light will be transmitted by the 

analyzer when stage is rotated 45° from an extinction position. 

 

• For monochromatic light illuminating a crystal at 45° from extinction, 

the intensity of the light transmitted by the analyzer as a function of the 

retardation is given by this -> graph. Note that no light passes the 

analyzer when the retardation is an integral number of wavelengths for 



the wavelength of light used. This effect can be observed by viewing a 

quartz wedge between crossed polarizers in sodium light. Retardation 

for the quartz wedge increases with thickness so that a series of parallel 

dark bands (for ∆ = λ, 2λ, etc.) can be observed. 

Because the light source in our microscopes is not monochromatic, the 

actual interference colors observed result from the summation of dark 

bands for all visible wavelengths. The characteristic sequence of colors 

as a function of retardation is shown as the chart of interference colors in 

Nesse and elsewhere. You will have seen these colors on soap bubbles 

and oil slicks, where they are produced by the interference of light 

waves reflected off the front and back surfaces of these films. However, 

in these cases no polarization or retardation is involved; the colors are 

due to destructive interference of the two (out of phase) reflected rays. 

Note that interference colors are not the same as the rainbow or 

spectrum produced from white light by a prism or a diffraction grating.  

• Retardation is a function of the mineral, its orientation, and its 

thickness. If the thickness is doubled, so is the retardation. Similarly, if a 

second crystal of the same mineral with the same orientation is placed 

on top of the crystal being studied, the retardation will increase. In fact, 

if a second crystal of any mineral is placed on top with its slow vibration 

direction parallel to the slow vibration direction of the crystal being 

studied, the retardation will increase. This effect is called addition of 

retardation.  

• Petrographic microscopes are equipped with a quartz plate designed to 

be placed in the light path above the crystal with the slow vibration 

direction of the quartz crystal oriented at 45° to the planes of the 

polarizing filters. The slow vibration direction of the plate is indicated 

on the plate by a double pointed arrow or similar mark. Use of this plate 

permits identification of the slow and fast vibration directions of a 

crystal by watching for addition or subtraction of the retardation. The 

thickness of the quartz plate is selected to add to (or subtract from) the 

retardation exactly 550 nm. Older microscopes were equipped with a 



similar plate made of gypsum (of a different thickness!) that caused the 

same amount (550 nm) of addition (or subtraction).  

• Crystals that occur in a prismatic form may be characterized has 

having the slow direction either parallel to their long dimension or 

perpendicular to it. The former are called length slow and the latter 

length fast. These two cases may be easily distinguished by insertion of 

a quartz plate when the long direction of the mineral is 45° from the 

planes of the polarizer. If the crystal has no long direction, this test is not 

possible. 

 

Lateral Shift:- 

When a ray of light travels through a glass slab from air, it bends towards the normal 
and when it comes out of the other side of the glass slab, it bends away from the 
normal. It is found that the incident ray and the emergent ray are not along the same 
straight line, but the emergent ray seems to be displaced with respect to the incident 
ray. This shift in the emergent ray with respect to the incident ray is called lateral 
shift or lateral displacement. The incident and the emergent rays, however, remain 



parallel. The diagram is as shown: 

 

 

 



 

 



 

 



 



 

 

 



Michelson Interferometer There are many two-beam 

interferometers which allow the surfaces producing the two wavefronts 

to be physically separated by a large distance . These instruments allow 

the two wavefronts to travel along dif ferent optical paths . One of these 

is the Michelson interferometer diagramed in Fig . 16 a . The two 

interfering wavefronts are produced by the reflections from the two 

mirrors . A plate beamsplitter with one face partially silvered is used , 

and an identical block of glass is placed in one of the arms of the 

interferometer to provide the same amount of glass path in each arm . 

This cancels the ef fects of the dispersion of the glass beamsplitter and 

allows the system to be used with white light since the optical path dif 

ference is the same for all wavelengths . Figure 16 b provides a folded 

view of this interferometer and shows the relative optical 

 

position of the two mirrors as seen by the viewing screen . It should be obvious 

that the two mirrors can be thought of as the two surfaces of a ‘‘glass’’ plate that is 

illuminated by the source . In this case , the index of the fictitious plate is one , and 



the reflectivity at the two surfaces is that of the mirrors . Depending on the mirror 

orientations and shapes , the interferometer either mimics a plane-parallel plate of 

adjustable thickness , a wedge of arbitrary angle and thickness , or the comparison 

of a reference surface with an irregular or curved surface . The type of fringes that 

are produced will depend on this configuration , as well as on the source used for 

illumination . When a monochromatic point source is used , nonlocalized fringes 

are produced , and the imaging lens is not needed . 

 Two virtual-source images are produced , and the resulting fringes can be 

described by the interference of two spherical waves (discussed earlier) . If the 

mirrors are parallel , circular fringes centered on the line normal to the mirrors 

result as with a plane-parallel plate . The source separation is given by twice the 

apparent mirror separation . If the mirrors have a relative tilt , the two source 

images appear to be laterally displaced , and hyperbolic fringes result . Along a 

plane bisecting the source images , straight equispaced fringes are observed . When 

an extended monochromatic source is used , the interference fringes are localized . 

If the mirrors are parallel , fringes of equal inclination or Haidinger fringes (as 

described earlier) are produced . The fringes are localized at infinity and are 

observed in the rear 

 



focal plane of the imaging lens . Fringes of equal thickness localized at the mirrors 

are generated when the mirrors are tilted . The apparent mirror separation should 

be kept small , and the imaging lens should focus on the mirror surface .  

If the extended source is polychromatic , colored fringes localized at the mirrors 

result . They are straight for tilted mirrors . The fringes will have high visibility 

only if the apparent mirror separation or OPD is smaller than the coherence length 

of the source . Another way of stating this is that the order of interference m must 

be small to view the colored fringes . As m increases , the fringes will wash out . 

The direct analogy here is a thin film . As the mirror separation is varied , the 

fringe visibility will vary . The fringe visibility as a function of mirror separation is 

related to the source frequency spectrum (see under ‘‘Source Spectrum’’ and 

‘‘Coherence and Interference’’) , and this interferometer forms the basis of a 

number of spectrometers . This topic is further discussed in , ‘‘Metrology . ’’ When 

the source spectrum is broad , chromatic fringes cannot be viewed with the mirrors 

parallel . This is because the order of interference for fringes of equal inclination is 

a maximum at the center of the pattern .  

An important variation of the Michelson interferometer occurs when 

monochromatic collimated light is used . This is the Twyman - Green 

interferometer , and is a special case of point-source illumination with the source at 

infinity . Plane waves fall on both mirrors , and if the mirrors are flat , nonlocalized 

equispaced fringes are produced . Fringes of equal thickness can be viewed by 

imaging the mirrors onto the observation screen . If one of the mirrors is not flat , 

the fringes represent changes in the surface height . The two surfaces are compared 

as in the Fizeau interferometer . This interferometer is an invaluable tool for 

optical testing . 

MULTIPLE BEAM INTERFERENCE Throughout the preceding discussions , we 

have assumed that only two waves were being interfered . There are many 

situations where multiple beams are involved . Two examples are the dif fraction 

grating and a plane-parallel plate . We have been ignoring multiple reflections , 

and in some instances these extra beams are very important . The net electric field 

is the sum of all of the component fields . The two examples noted above present 

dif ferent physical situations : all of the interfering beams have a constant intensity 

with a dif fraction grating , and the intensity of the beams from a plane-parallel 

plate decreases with multiple reflections 



 



 

 

The number of intensity zeros between peaks is N 2 1 . As the number of slits 

increases , the angular resolution or resolving power of the grating greatly 

increases . The ef fects of a finite slit width can be added by replacing I0 in Eq . 



(58) by the single-slit dif fraction pattern . This intensity variation forms an 

envelope for the curve in Fig . 
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UNIT-3 

Diffraction and the Wave Theory of Light In Chapter 35 we defined diffraction rather loosely as 
the flaring of light as it emerges from a narrow slit. More than just flaring occurs, however, 
because the light produces an interference pattern called a diffraction pattern. For example, 
when monochromatic light from a distant source (or a laser) passes through a narrow slit and is 
then intercepted by a viewing screen, the light produces on the screen a diffraction pattern like 
that in Fig. 36-1. This pattern consists of a broad and intense (very bright) central maximum plus 



a number of narrower and less intense maxima (called secondary or side maxima) to both sides. 
In between the maxima are minima. Light flares into those dark regions, but the light waves 
cancel out one another. Such a pattern would be totally unexpected in geometrical optics: If 
light traveled in straight lines as rays, then the slit would allow some of those rays through to 
form a sharp rendition of the slit on the viewing screen instead of a pattern of bright and dark 
bands as we see in Fig. 36-1. As in Chapter 35, we must conclude that geometrical optics is only 
an approximation. Diffraction is not limited to situations when light passes through a narrow 
opening (such as a slit or pinhole). It also occurs when light passes an edge, such as the edges of 
the razor blade whose diffraction pattern is shown in Fig. 36-2. Note the lines of maxima and 
minima that run approximately parallel to the edges, at both the inside edges of the blade and 
the outside edges. As the light passes, say, the vertical edge at the left, it flares left and right and 
undergoes interference, producing the pattern along the left edge. The rightmost portion of that 
pattern actually lies behind the blade, within what would be the blade’s shadow if geometrical 
optics prevailed. 

 

The Fresnel Bright Spot Diffraction finds a ready explanation in the wave theory of light. 
However, this theory, originally advanced in the late 1600s by Huygens and used 123 years later 
by Young to explain double-slit interference, was very slow in being adopted, largely because it 
ran counter to Newton’s theory that light was a stream of particles. Newton’s view was the 
prevailing view in French scientific circles of the early 19th century, when Augustin Fresnel was a 
young military engineer. Fresnel, who believed in the wave theory of light, submitted a paper to 
the French Academy of Sciences describing his experiments with light and his wave-theory 
explanations of them. In 1819, the Academy, dominated by supporters of Newton and thinking 
to challenge the wave point of view, organized a prize competition for an essay on the subject of 
diffraction. Fresnel won. The Newtonians, however, were not swayed. One of them, S. D. 
Poisson, pointed out the “strange result” that if Fresnel’s theories were correct, then light waves 
should flare into the shadow region of a sphere as they pass the edge of the sphere, producing a 
bright spot at the center of the shadow. The prize committee arranged a test of Poisson’s 
prediction and discovered that the predicted Fresnel bright spot, as we call it today, was indeed 
there (Fig. 36-3). Nothing builds confidence in a theory so much as having one of its unexpected 
and counterintuitive predictions verified by experiment. 



 

Diffraction by a Single Slit: Locating the Minima Let us now examine the diffraction pattern of 
plane waves of light of wavelength l that are diffracted by a single long, narrow slit of width a in 
an otherwise opaque screen B, as shown in cross section in Fig. 36-4. (In that figure, the slit’s 
length extends into and out of the page, and the incoming wavefronts are parallel to screen B.) 
When the diffracted light reaches viewing screen C, waves from different points within the slit 
undergo interference and produce a diffraction pattern of bright and dark fringes (interference 
maxima and minima) on the screen. To locate the fringes, we shall use a procedure somewhat 
similar to the one we used to locate the fringes in a two-slit interference pattern. However, 
diffraction is more mathematically challenging, and here we shall be able to find equations for 
only the dark fringes. Before we do that, however, we can justify the central bright fringe seen 
in Fig. 36-1 by noting that the Huygens wavelets from all points in the slit travel about the same 
distance to reach the center of the pattern and thus are in phase there.As for the other bright 
fringes, we can say only that they are approximately halfway between adjacent dark fringes. To 
find the dark fringes, we shall use a clever (and simplifying) strategy that involves pairing up all 
the rays coming through the slit and then finding what conditions cause the wavelets of the rays 
in each pair to cancel each other. We apply this strategy in Fig. 36-4 to locate the first dark 
fringe, at point P1. First, we mentally divide the slit into two zones of equal widths a/2. Then we 
extend to P1 a light ray r1 from the top point of the top zone and a light ray r2 from the top 
point of the bottom zone. We want the wavelets along these two rays to cancel each other 
when they arrive at P1. Then any similar pairing of rays from the two zones will give 
cancellation.A central axis is drawn from the center of the slit to screen C, and P1 is located at 
an angle u to that axis. The wavelets of the pair of rays r1 and r2 are in phase within the slit 
because they originate from the same wavefront passing through the slit, along the width of the 
slit. However, to produce the first dark fringe they must be out of phase by l/2 when they reach 
P1; this phase difference is due to their path length difference, with the path traveled by the 
wavelet of r2 to reach P1 being longer than the path traveled by the wavelet of r1.To display this 
path length difference, we find a point b on ray r2 such that the path length from b to P1 
matches the path length of ray r1. Then the path length difference between the two rays is the 
distance from the center of the slit to b. 



 

 



 

Fig. 36-6 (a) Waves from the top points of four zones of width a/4 undergo fully destructive 
interference at point P2. (b) For D  a, we can approximate rays r1,r2,r3, and r4 as being parallel, 
at angle u to the central axis. 



 

 



 

 



 

 

 



 

 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 

 



 

 



 

 



 

 

 

 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

UNIT-4 

Polarization 

A light wave is an electromagnetic wave that travels through the vacuum of outer 
space. Light waves are produced by vibrating electric charges. The nature of such 
electromagnetic waves is beyond the scope of The Physics Classroom Tutorial. For our 

http://www.physicsclassroom.com/Class/waves/u10l1c.cfm#emmech
http://www.physicsclassroom.com/Class/index.cfm


purposes, it is sufficient to merely say that an electromagnetic wave is a transverse 
wave that has both an electric and a magnetic component. 

The transverse nature of an electromagnetic wave is quite 
different from any other type of wave that has been discussed 
in The Physics Classroom Tutorial. Let's suppose that we use the 
customary slinky to model the behavior of an electromagnetic 
wave. As an electromagnetic wave traveled towards you, then 
you would observe the vibrations of the slinky occurring in more 
than one plane of vibration. This is quite different than what you 
might notice if you were to look along a slinky and observe a 
slinky wave traveling towards you. Indeed, the coils of the slinky 
would be vibrating back and forth as the slinky approached; yet 
these vibrations would occur in a single plane of space. That is, 
the coils of the slinky might vibrate up and down or left and right. 
Yet regardless of their direction of vibration, they would be 
moving along the same linear direction as you sighted along the 
slinky. If a slinky wave were an electromagnetic wave, then the 
vibrations of the slinky would occur in multiple planes. Unlike a 
usual slinky wave, the electric and magnetic vibrations of an electromagnetic wave 
occur in numerous planes. A light wave that is vibrating in more than one plane is 
referred to as unpolarized light. Light emitted by the sun, by a lamp in the classroom, 

or by a candle flame is unpolarized light. Such light waves are created by electric 
charges that vibrate in a variety of directions, thus creating an electromagnetic wave 
that vibrates in a variety of directions. This concept of unpolarized light is rather difficult 
to visualize. In general, it is helpful to picture unpolarized light as a wave that has an 
average of half its vibrations in a horizontal plane and half of its vibrations in a vertical 
plane. 

It is possible to transform unpolarized light into polarized light. Polarized light waves are 

light waves in which the vibrations occur in a single plane. The process of transforming 
unpolarized light into polarized light is known as polarization. There are a variety of 

methods of polarizing light. The four methods discussed on this page are: 

 Polarization by Transmission 

 Polarization by Reflection 

 Polarization by Refraction 

 Polarization by Scattering 

 Polarization by Use of a Polaroid Filter 

The most common method of polarization involves the use of a Polaroid filter. 
Polaroid filters are made of a special material that is capable of blocking one of the two 
planes of vibration of an electromagnetic wave. (Remember, the notion of two planes 
or directions of vibration is merely a simplification that helps us to visualize the wavelike 
nature of the electromagnetic wave.) In this sense, a Polaroid serves as a device that 
filters out one-half of the vibrations upon transmission of the light through the filter. 

http://www.physicsclassroom.com/Class/waves/u10l1c.cfm#transverse
http://www.physicsclassroom.com/Class/waves/u10l1c.cfm#transverse
http://www.physicsclassroom.com/Class/waves/u10l1c.cfm#transverse
http://www.physicsclassroom.com/Class/index.cfm
http://www.physicsclassroom.com/Class/light/U12L1e.cfm#trans
http://www.physicsclassroom.com/Class/light/U12L1e.cfm#refln
http://www.physicsclassroom.com/Class/light/U12L1e.cfm#refrn
http://www.physicsclassroom.com/Class/light/U12L1e.cfm#scat


When unpolarized light is transmitted through a Polaroid filter, it emerges with one-half 
the intensity and with vibrations in a single plane; it emerges as polarized light. 

 

  

A Polaroid filter is able to polarize light because of the chemical composition of the filter 
material. The filter can be thought of as having long-chain molecules that are aligned 
within the filter in the same direction. During the fabrication of the filter, the long-chain 
molecules are stretched across the filter so that each molecule is (as much as possible) 
aligned in say the vertical direction. As unpolarized light strikes the filter, the portion of 
the waves vibrating in the vertical direction are absorbed by the filter. The general rule 
is that the electromagnetic vibrations that are in a direction parallel to the alignment of 
the molecules are absorbed. 

The alignment of these molecules gives the filter a polarization axis. This polarization 
axis extends across the length of the filter and only allows vibrations of the 
electromagnetic wave that are parallel to the axis to pass through. Any vibrations that 
are perpendicular to the polarization axis are blocked by the filter. Thus, a Polaroid filter 
with its long-chain molecules aligned horizontally will have a polarization axis aligned 
vertically. Such a filter will block all horizontal vibrations and allow the vertical vibrations 
to be transmitted (see diagram above). On the other hand, a Polaroid filter with its 
long-chain molecules aligned vertically will have a polarization axis aligned horizontally; 
this filter will block all vertical vibrations and allow the horizontal vibrations to be 
transmitted. 

 
  



Polarization of light by use of a Polaroid filter is often demonstrated in a Physics class 
through a variety of demonstrations. Filters are used to look through and view objects. 
The filter does not distort the shape or dimensions of the object; it merely serves to 
produce a dimmer image of the object since one-half of the light is blocked as it passed 
through the filter. A pair of filters is often placed back to back in order to view objects 
looking through two filters. By slowly rotating the second filter, an orientation can be 
found in which all the light from an object is blocked and the object can no longer be 
seen when viewed through two filters. What happened? In this demonstration, the light 
was polarized upon passage through the first filter; perhaps only vertical vibrations 
were able to pass through. These vertical vibrations were then blocked by the second 
filter since its polarization filter is aligned in a horizontal direction. While you are unable 
to see the axes on the filter, you will know when the axes are aligned perpendicular to 
each other because with this orientation, all light is blocked. So by use of two filters, 
one can completely block all of the light that is incident upon the set; this will only 
occur if the polarization axes are rotated such that they are perpendicular to each 
other. 

 
  

A picket-fence analogy is often used to explain how this dual-filter demonstration 
works. A picket fence can act as a polarizer by transforming an unpolarized wave in a 
rope into a wave that vibrates in a single plane. The spaces between the pickets of the 
fence will allow vibrations that are parallel to the spacings to pass through while 
blocking any vibrations that are perpendicular to the spacings. Obviously, a vertical 
vibration would not have the room to make it through a horizontal spacing. If two 
picket fences are oriented such that the pickets are both aligned vertically, then vertical 
vibrations will pass through both fences. On the other hand, if the pickets of the second 
fence are aligned horizontally, then the vertical vibrations that pass through the first 
fence will be blocked by the second fence. This is depicted in the diagram below. 



 
  

In the same manner, two Polaroid filters oriented with their polarization axes 
perpendicular to each other will block all the light. Now that's a pretty cool observation 
that could never be explained by a particle view of light. 

  

  

Polarization by Reflection 

Unpolarized light can also undergo polarization by reflection off of nonmetallic surfaces. 
The extent to which polarization occurs is dependent upon the angle at which the light 
approaches the surface and upon the material that the surface is made of. Metallic 
surfaces reflect light with a variety of vibrational directions; such reflected light is 
unpolarized. However, nonmetallic surfaces such as asphalt roadways, snowfields and 
water reflect light such that there is a large concentration of vibrations in a plane 
parallel to the reflecting surface. A person viewing objects by means of light reflected 
off of nonmetallic surfaces will often perceive a glare if the extent of polarization is 
large. Fishermen are familiar with this glare since it prevents them from seeing fish that 
lie below the water. Light reflected off a lake is partially polarized in a direction parallel 
to the water's surface. Fishermen know that the use of glare-reducing sunglasses with 
the proper polarization axis allows for the blocking of this partially polarized light. By 
blocking the plane-polarized light, the glare is reduced and the fisherman can more 
easily see fish located under the water. 



 

  

  

Polarization by Refraction 

Polarization can also occur by the refraction of light. Refraction occurs when a beam of 
light passes from one material into another material. At the surface of the two 
materials, the path of the beam changes 
its direction. The refracted beam acquires some 
degree of polarization. Most often, the polarization 
occurs in a plane perpendicular to the surface. The 
polarization of refracted light is often demonstrated 
in a Physics class using a unique crystal that serves 
as a double-refracting crystal. Iceland Spar, a 
rather rare form of the mineral calcite, refracts 
incident light into two different paths. The light 
is split into two beams upon entering the crystal. 

Subsequently, if an object is viewed by looking 
through an Iceland Spar crystal, two images will be 
seen. The two images are the result of the double 
refraction of light. Both refracted light beams are 
polarized - one in a direction parallel to the surface 
and the other in a direction perpendicular to the 
surface. Since these two refracted rays are polarized with a perpendicular orientation, a 
polarizing filter can be used to completely block one of the images. If the polarization 
axis of the filter is aligned perpendicular to the plane of polarized light, the light is 
completely blocked by the filter; meanwhile the second image is as bright as can be. 
And if the filter is then turned 90-degrees in either direction, the second image 
reappears and the first image disappears. Now that's pretty neat observation that could 
never be observed if light did not exhibit any wavelike behavior. 

Polarization by Scattering 

Polarization also occurs when light is scattered while traveling through a medium. When 
light strikes the atoms of a material, it will often set the electrons of those atoms into 
vibration. The vibrating electrons then produce their own electromagnetic wave that is 



radiated outward in all directions. This newly generated wave strikes neighboring 
atoms, forcing their electrons into vibrations at the same original frequency. These 
vibrating electrons produce another electromagnetic wave that is once more radiated 
outward in all directions. This absorption and reemission of light waves causes the light 
to be scattered about the medium. (This process of scattering contributes to the 
blueness of our skies, a topic to be discussed later.) This scattered light is partially 

polarized. Polarization by scattering is observed as light passes through our 
atmosphere. The scattered light often produces a glare in the skies. Photographers 
know that this partial polarization of scattered light leads to photographs characterized 
by a washed-out sky. The problem can easily be corrected by the use of a Polaroid 
filter. As the filter is rotated, the partially polarized light is blocked and the glare is 
reduced. The photographic secret of capturing a vivid blue sky as the backdrop of a 
beautiful foreground lies in the physics of polarization and Polaroid filters. 

  

Applications of Polarization 

Polarization has a wealth of other applications besides their use in glare-reducing 
sunglasses. In industry, Polaroid filters are used to perform stress analysis tests on 
transparent plastics. As light passes through a plastic, each color of visible light is 
polarized with its own orientation. If such a plastic is placed between two polarizing 
plates, a colorful pattern is revealed. As the top plate is turned, the color pattern 
changes as new colors become blocked and the formerly blocked colors are transmitted. 
A common Physics demonstration involves placing a plastic protractor between two 
Polaroid plates and placing them on top of an overhead projector. It is known that 
structural stress in plastic is signified at locations where there is a large concentration of 
colored bands. This location of stress is usually the location where structural failure will 
most likely occur. Perhaps you wish that a more careful stress analysis were performed 
on the plastic case of the CD that you recently purchased. 

Polarization is also used in the entertainment industry to produce and show 3-D movies. 
Three-dimensional movies are actually two movies being shown at the same time 
through two projectors. The two movies are filmed from two slightly different camera 
locations. Each individual movie is then projected from different sides of the audience 
onto a metal screen. The movies are projected through a polarizing filter. The polarizing 
filter used for the projector on the left may have its polarization axis aligned horizontally 
while the polarizing filter used for the projector on the right would have its polarization 
axis aligned vertically. Consequently, there are two slightly different movies being 
projected onto a screen. Each movie is cast by light that is polarized with an orientation 
perpendicular to the other movie. The audience then wears glasses that have two 
Polaroid filters. Each filter has a different polarization axis - one is horizontal and the 
other is vertical. The result of this arrangement of projectors and filters is that the left 
eye sees the movie that is projected from the right projector while the right eye sees 
the movie that is projected from the left projector. This gives the viewer a perception of 
depth. 

http://www.physicsclassroom.com/Class/light/u12l2f.cfm


  

Our model of the polarization of light provides some substantial support for the 
wavelike nature of light. It would be extremely difficult to explain polarization 
phenomenon using a particle view of light. Polarization would only occur with a 
transverse wave. For this reason, polarization is one more reason why scientists believe 
that light exhibits wavelike behavior. 

Double Refraction, Polarized Light 

 



 



 

 



 

 

Huygens' Principle 

 

In 1678 Huygens proposed a 

model where each point on a 

wavefront may be regarded as a 

source of waves expanding from 

that point. The expanding waves 

may be demonstrated in a ripple 

tank by sending plane waves 

toward a barrier with a small 

opening. If waves approaching a 

beach strike a barrier with a small 

opening, the waves may be seen 

to expand from the opening. 



Huygens' principle 
provides a 
convenient way to 
visualize refraction. 
If points on the 
wavefront at the 
boundary of a 
different medium 
serve as sources for 
the propagating 
light, one can see 
why the direction of 
the light 
propagation 
changes. 

 

 

The Huygens' principle view 

permitted a visualization of 

how light could penetrate into 

the geometric shadow in a way 

that the particle view could 

not. 

Though helpful in establishing a wave view rather than a particle view of light for 

ordinary optics, Huygens' principle left a number of unanswered questions. For 

example, with its view of each point on a wavefront as a source, it gave no 

explanation of why it didn't propagate backward as well as forward. Miller and 

Fresnel further developed the theory of light propagation including diffraction. The 

theory of light propagation was made more rigorous by Kirchhoff. 

Crystal Optics 

http://hyperphysics.phy-astr.gsu.edu/hbase/geoopt/refr.html#c1
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2 Crystals 
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UNIT-5 

 

 

 



 

 

 



 

 

Hologram Recording and Reconstruction Holograms are usually recorded with an optical set-up 
consisting of a light source (e.g. a laser), mirrors and lenses for beam guiding and a recording 
device (e.g. a photographic sensor). A typical set-up is shown in Fig. 2.12 [79, 121]. Light with 
sufficient coherence is split into two waves of reduced amplitude by a beam splitte 

 



 



 



 

 

What is a Phototransistor? 

A Phototransistor is an electronic switching and current amplification component which 

relies on exposure to light to operate. When light falls on the junction, reverse current 

flows which is proportional to the luminance. Phototransistors are used extensively to 

detect light pulses and convert them into digital electrical signals. These are operated 

by light rather than electric current. Providing large amount of gain, low cost and these 

phototransistors might be used in numerous applications. 



It is capable of converting light energy into electric energy. Phototransistors work in a 

similar way to photo resistors commonly known as LDR (light dependant resistor) but 

are able to produce both current and voltage while photo resistors are only capable of 

producing current due to change in resistance. Phototransistors are transistors with the 

base terminal exposed. Instead of sending current into the base, the photons from 

striking light activate the transistor. This is because a phototransistor is made of a 

bipolar semiconductor and focuses the energy that is passed through it. These are 

activated by light particles and are used in virtually all electronic devices that depend on 

light in some way. All silicon photo sensors (phototransistors) respond to the entire 

visible radiation range as well as to infrared. In fact, all diodes, transistors, Darlington’s, 

triacs, etc. have the same basic radiation frequency response. 

The structure of the phototransistor is specifically optimized for photo applications. 

Compared to a normal transistor, a photo transistor has a larger base and collector 

width and is made using diffusion or ion implantation. 

 

Characteristics : 
 Low-cost visible and near-IR photo detection. 
 Available with gains from 100 to over 1500. 

 Moderately fast response times. 

 Available in a wide range of packages including epoxy-coated, transfer-molded and surface mounting 

technology. 

 Electrical characteristics similar to that of signal transistors. 

A photo transistor is nothing but an ordinary bi-poplar transistor in which the base region 

is exposed to the illumination. It is available in both the P-N-P and N-P-N types having 

different configurations like common emitter, common collector and common base. 

Common emitter configuration is generally used. It can also work while base is made 

open. Compared to the conventional transistor it has more base and collector areas. 

http://www.edgefxkits.com/density-based-traffic-signal-system


Ancient photo transistors used single semiconductor materials like silicon and 

germanium but now a day’s modern components uses materials like gallium and 

arsenide for high efficiency levels. The base is the lead responsible for activating the 

transistor. It is the gate controller device for the larger electrical supply. The collector is 

the positive lead and the larger electrical supply. The emitter is the negative lead and 

the outlet for the larger electrical supply. 
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