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Timeline of light: particle or a wave  

Isaac Newton (1642-1727): Light is a stream of very small particles 
emitted from source of light and travelling
in a straight line. (PARTICLE nature of light).

Christian Huygens (1629-1695): Observed  when two light 
beams intersect they emerge 
unmodified, he concluded that light is a 
WAVE. Also, he derived laws of reflection,
refraction.  



Timeline of light: Burial of light is “Particles only” 
opinion
Thomas Young (1773-1829): double slit exp. (WAVE nature of light)
Augustin Fresnel (1788 -1827): Light is a transverse WAVE-light polarization.
James Maxwell (1831-1879): Employed Maxwell’s electromagnetic wave equations to 

predict speed of light (WAVE).

Max Planck (1900): Derived correct blackbody radiation curve  by assuming that atoms 
emit light in quanta (discrete energy chunks)

Birth of Quantum mechanics 

𝐸 = ℎ𝑣
ℎ = 6.63 X 10 − 34 J.s (Planck’s constant)

Albert Einstein (1905): Photo-electric effect and Special theory of 
relativity [ light is a stream of light quanta 
of Planck’s frequency ]



35.2: Light as a Wave:

Huygen’s Principle:



35.2: Light as a Wave, Law of Refraction:



35.2: Light as a Wave, Wavelength and Law of Refraction:



35.2: Light as a Wave, Rainbows and Optical Interference:

Light waves pass into a water drop along the 
entire side that faces the Sun. Different parts of 
an incoming wave will travel different paths 
within the drop.

That means waves will emerge from the drop 
with different phases. Thus, we can see that at 
some angles the emerging light will be in phase 
and give constructive interference.

The rainbow is the result of such constructive
interference.













35.3: Diffraction:

If a wave encounters a barrier that has an opening of 
dimensions similar to the wavelength, the part of the 
wave that passes through the opening will flare 
(spread) out—will diffract—into the region beyond 
the barrier. The flaring is consistent with the 
spreading of wavelets according to Huygens 
principle. Diffraction occurs for waves of all types.



35-2  Young’s Interference

Figure (a) shows the situation schematically 
for an incident plane wave of wavelength λ 
encountering a slit that has width a = 6.0 λ 
and extends into and out of the page. The 
part of the wave that passes through the slit 
flares out on the far side. Figures (b) (with a 
= 3.0 λ ) and (c) (a = 1.5λ ) illustrate the main 
feature of diffraction: the narrower the slit, 
the greater the diffraction.

The flaring is consistent with the spreading 
of wavelets in the Huygens construction. 
Diffraction occurs for waves of all types, 
not just light waves. Figure below shows 
waves passing through a slit flares.



35-2  Young’s Interference
Figure  gives the basic arrangement of Young’s experiment. Light from a distant 
monochromatic source illuminates slit S0 in screen A. The emerging light then spreads 
via diffraction to illuminate two slits S1 and S2 in screen B. Diffraction of the light by these 
two slits sends overlapping circular waves into the region beyond screen B, where the 
waves from one slit interfere with the waves from the other slit.

A photograph of the interference 
pattern produced by the 
arrangement shown in the 
figure(right), but with short slits. 
(The photograph is a front view 
of part of screen C of figure on 
left.) The alternating maxima 
and minima are called 
interference fringes (because 
they resemble the decorative 
fringe sometimes used on 
clothing and rugs).



35-2  Young’s Interference

(a) Waves from slits S1 and S2 
(which extend into and out of the 
page) combine at P, an arbitrary 
point on screen C at distance y 
from the central axis. The angle θ 
serves as a convenient locator 
for P. 

(b) For D >> d, we can approximate 
rays r1 and r2 as being parallel, at 
angle θ to the central axis.

The conditions for maximum  and minimum  intensity are









35-3 Interference and Double-Slit Intensity

If two light waves that meet at a point are to interfere clearly, both must have the 
same wavelength and the phase difference between them must remain constant 
with time; that is, the waves must be coherent.

A plot of equation below, showing 
the intensity of a double-slit 
interference pattern as a function of 
the phase difference between the 
waves when they arrive from the two 
slits. I0 is the (uniform) intensity that 
would appear on the screen if one 
slit were covered. The average 
intensity of the fringe pattern is 2I0, 
and the maximum intensity (for 
coherent light) is 4I0.

As shown in figure, in Young’s interference experiment, two waves, each with 
intensity I0, yield a resultant wave of intensity I at the viewing screen, with

   where





Ex:

solution:



35-4 Interference from thin films

When light is incident on a thin transparent film, the light 
waves reflected from the front and back surfaces interfere. 
For near-normal incidence, the wavelength conditions for 
maximum and minimum intensity of the light reflected from 
a film with air on both sides are

and 

where n2 is the index of refraction of the film, L is its thickness, and λ is the 
wavelength of the light in air.

Reflections from a 
thin film in air.

If a film is sandwiched between media other than air, these equations for bright and 
dark films may be interchanged, depending on the relative indexes of refraction.
If the light incident at an interface between media with different indexes of 
refraction is initially in the medium with the smaller index of refraction, the 
reflection causes a phase change of π rad, or half a wavelength, in the reflected 
wave. Otherwise, there is no phase change due to the reflection. Refraction 
causes no phase shift.



35-4 Interference from thin films

When light is incident on a thin transparent film, the light 
waves reflected from the front and back surfaces interfere. 
For near-normal incidence, the wavelength conditions for 
maximum and minimum intensity of the light reflected from 
a film in air are

and 

where n2 is the index of refraction of the film, L is its thickness, and λ is the 
wavelength of the light in air.

The incident pulse is in the 
denser string.

The incident pulse in the lighter string. 
Only here is there a phase change, 
and only in the reflected wave.

Reflections from a 
thin film in air.



Important note:

t is the thickness = L

1.2



Important note:







35-5 Michelson’s Interferometer
An interferometer is a device that can be used to 
measure lengths or changes in length with great 
accuracy by means of interference fringes. 
In Michelson’s interferometer, a light wave is split into 
two beams that then recombine after traveling along 
different paths.
The interference pattern they produce depends on the 
difference in the lengths of those paths and the 
indexes of refraction along the paths.

If a transparent material of index n and thickness L is 
in one path, the phase difference (in terms of 
wavelength) in the recombining beams is equal to

where λ is the wavelength of the light.

Michelson’s interferometer, showing 
the path of light originating at point P 
of an extended source S. Mirror M 
splits the light into two beams, which 
reflect from mirrors M1 and M2 back 
to M and then to telescope T. In the 
telescope an observer sees a pattern 
of interference fringes.



35  Summary

Huygen’s Principle
• The three-dimensional transmission 

of waves, including light, may often 
be predicted by Huygens’ principle, 
which states that all points on a 
wavefront serve as point sources of 
spherical secondary wavelets.

Young’s Experiment
• In Young’s interference experiment, 

light passing through a single slit 
falls on two slits in a screen. The 
light leaving these slits flares out 
(by diffraction), and interference 
occurs in the region beyond the 
screen. A fringe pattern, due to the 
interference, forms on a viewing 
screen.

• The conditions for maximum and 
minimum intensity are

Wavelength and Index of 
Refraction
• The wavelength λn of light in a 

medium depends on the index of 
refraction n of the medium:

 in which λ is the wavelength in 
vacuum. 

Eq. 35-6

Eq. 35-14

Eq. 35-16



35  Summary

Coherence
• If two light waves that meet at a 

point are to interfere perceptibly, 
both must have the same 
wavelength and the phase 
difference between them must 
remain constant with time; that is, 
the waves must be coherent.

Thin-Film Interference
• When light is incident on a thin 

transparent film, the light waves 
reflected from the front and back 
surfaces interfere. For near-normal 
incidence, the wavelength conditions 
for maximum and minimum intensity of 
the light reflected from a film of index n2 
in air areIntensity in Two-Slit 

Interference
• In Young’s interference experiment, 

two waves, each with intensity I0, 
yield a resultant wave of intensity I 
at the viewing screen, with

 
Eqs. 35-22 & 23

Eq. 35-36

Eq. 35-37

Michelson’s Interferometer
• In Michelson’s interferometer a light 

wave is split into two beams that, after 
traversing paths of different lengths, are 
recombined so they interfere and form 
a fringe pattern. 


