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 CHAPTER 10

Wave Optics

CHAPTER NOTES




Wave optics describes Iight when its

waveleng'th matters.
Visible Iigh’c wavelengths:
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Ray optics is the A —> O approximation and
works when apertures and objects are

much larger than A (ie., D» A, a » A)s
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I 1. Wavefronts and Huygens Principle

e Wavefront: surface of constant phase.

WAVE OPTICS

Huygens Principle: Every point on a wavefront

acts as a source of secondarg spherical wavelets.
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2. Reflection and Refraction
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5. Polarisation
( 5 ; R o Transverse nature of light: electric field oscillates
4. Diffraction perpendicular to direction of travel.
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WHY LIGHT IS A WAVE

@ i Cen{'ur}j: Newton's Corpuscalar Picture @ 18*~19%* Centuries: Wave Ideas and Proofs @ 19*-20" Centuries: Electromagnetic and Quantum
e Newton proposed that light is made of tiny (&) Huygens’ Wave Picture (1678) (a) Maxwell's Electromagnetic Wave (1860s)
particles (corpuscles) emitted by sources.  Light spreads as waves. In a denser medium, o Light is an electromagnetic wave —oscillating electric
z Corpuscles i i S+rai3k+ linés. waves interact more and move slower. and magnetic fields, perpendicular to each other and
B \ d to the direction of propagation.
g N\ : enser
N [ — <z y
N > N denser \ | medium E
= ] Ny > % medium
Source » N\ v=S  yv=FfA soindenser medium (larger n), /T\I,—"-\/\\ = _X
e This explains rectilinear propagation, (b) Young’s Double-Slit Interference (I801) % B direction
reflection and refraction cLuo.li{'a'{'ivel:,. ® Two coherent light waves superpose to give
briaH‘ and dark 'Frinses. 1 8 o )
o But the corpuscular model predicted that \ m —> bright e e 2.998x 10" m s (in vacuum)
h + fringe Moo
lisH‘ should travel FASTER in a denser coherent - "3 th
light W _ dark (b) Quantum Theory (20 Cen{'ura)
medium. (Incorrect.) - i ; : ;
= ringe ° LlSH‘ also comes in quanta called photons with
(C) Foucaul*"S Measurement ('850) engrs:’ E = h -F and momentum P= %
Newton's -H\eorﬂ could not explain * Measured speed of light in water and glass. SR . nobiremiove dlie: nave wakure=irlerGrance
why light slows down in denser media. Found it is LOWER than in air or vacuum. and diffraction with single photons are observed.
Wave picture P':‘dids and exp.erimen{'s confirm Light is an electromagnetic wave that propagates in
lower speed in denser media. vacuum; it also exhibits particle (pho+on) nature.

RAY (GeomeTricAL) AND WAVE (PHYsicAL) PicTuRes COMPARED

RAY (GEOMETRICAL OPTICS) EFFECTS WAVE (PHYSICAL OPTICS) EFFECTS WHY WAVE OPTICS MATTERS
Interference Diffraction Polarisation ¢ Many phenomena — interference, diffraction and

D) j — bright \\ vibration Polarisa+ion—have no explamod'ion in a Purclg
) R \ ) w ¥ I direction corpuscular or ray picture.
j— dark { 7 Z 1 e Wave optics explains when and why seome{‘ricd
//

rays are a good approximation and when they fail.

© LigH’ travels in s+rai9k+ lines. 5 /)

¢ Explains reflection, refraction, lenses, —>—
mirrors, sharp images. —>—]
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z i :
Good when wavelength A is much smaller than the Important when A is comparable to the size of openings, Therefore, light is correctly described as a wave
size of obJed's or openings: A K characteristic size. obstacles or structures. (cled’romaand'ic) b o anoales Ihikive: &8 Par{'icles.




A wavefront is the locus
of points having the same

pkase at an instant.

WAVEFRONTS & RAYS

SPHERICAL WAVE (POINT SOURCE)

Concentric spherical wavefronts (shown
as circular sections in 2D). Rays are
radial and normal to wavefronts.

PLANE WAVE
Equally spaced, parallel, plane wavefronts.
Rays are parallel and normal to wavefronts.

A
A
e Rays show the local S
energy propagation P — Bedhaidlion
and are normal to l . > i
— arger radius direction
wavefronts in an g i 5] - ——
isotropic medium. - S 2 v
—>
—— = wavefront Radius increases \
—> = ray (energy dire.cfion) with time. normal
=== = pormal to wavefront Vi dr (perpendicular Spacing between
—> = propagation direction \ dt T to wavefronts) | wavefronts = )\
Vv sugpaaddms ) Far from the source (r>>A), a small wavelrert (m)
P patch of a spherical wavefront is nearly plane.
PHASE & TIME Successive wavefronts separated by
are one period apart. In time T (one period), Hence, % Phase : in radians (rad)
Phase of wave o< position of o e L the wa.ve'Fro.n'c advances Vo —'F =fA X : wavelength (m)
wavefront. by one spacing A. ‘ g .. T : period (s)
‘ . i — | — | — where f = — is frequency (Hz) P
Adjacent wavefronts differ in T g
phase by 27 radians. il vT = A V = speed (ms™), A = wavelength (m), f : 'Fre‘luencﬂ (Hz=s™")
A A A T = period (s) Vv . sPeed (m s—l)




HUYGENS PRINCIPLE

Huygens’ principle states that every point on a wavefront acts as a source of secondary spherical wavelets
that spread out with the same speed v as the wave. After a time At, the new wavefront is the forward
tangent (envelope) to all the wavelets. Rays are everywhere normal (perpendicular) to the wavefronts.
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NEW WAVEFRONT: t + At ADVANCE OF WAVEFRONT
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Every point on a wavefront acts as a source of secondary disturbances
(spherical wavelets) that spread out with the same speed v as the wave.

@ After a time At, each wavelet has radius

r=vAt

(in an isotropic medium where v is the same in all directions).

to the wavefronts.

The new wavefront at t + At is the forward envelope (common tangent
surface/curve) to all the wavelets. Rays are everywhere perpendicular

@ Repeaf the construction steP b_y sfeP to Propa.safe the wave forward

in time.

MODERN CAVEAT

Hu_ysens' oriainal principle assumed that backward
wovelets cancel (“suppression of backward waves”).
This was a heuristic idea, not a derivation.

The complete Huygens-Fresnel theory introduces
directional weighting (obliquity factor) and
interference, which correctly predicts the
direction and intensity of the resulting wave.
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