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Background
In the previous lecture...

1-D wave equation
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0 c: wave velocity

For monochromatic wave (single angular frequency w)

#(2,1) = Z(2)T(t)
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a. Plane waves and interference

Wave equation in 3 dimensions
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where V2582+82+82
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For monochromatic wave (single angular frequency w)

d(X,Y,z2,1) =exp[i(ker —wt)]

where r=xX+yy+zZ k=k Xx+k y+k.z
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a. Plane waves and interference

For monochromatic wave (single angular frequency w)

0 0 0
V exp[i(ker — wt)] —(xa+y5+za—]exp{ [k x+k,y+k.z—ot }

=i(k&+k§+kz)expli[kx+ky+kz-ot]f
= |kexp[|(k-r wt)]

V2 expli(ker —wt)] = VoV exp[i(ker — ot)]
- v-(.E exp[i(Ker — a)t)])
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a. Plane waves and interference

For monochromatic wave (single angular frequency w)

Verifying plane wave solutions of the form when k= w /c
2

Since % expli(ker — wt)] = —@° exp[i(Ksr — at)],

with V2 exp[i(ker — ot)] = —k* exp[i(Ker — wt)]

1 0°4(x,Y,z,t
VZh(X, y,z,t)—C2 ¢(atz/ ):O
2

I—} —k* exp[i(ker — wt)] + w—zexp[i(k-r —ot)]=0
choosing k =@/ c, ¢

o(X,Y,z,1) =exp[i(ker)— wt] Is a solution for any vector direction k
provided |k|= @
C
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a. Plane waves and interference

Linearity of wave equation

\\

A plane wave solution k; A plane wave solution k,

Wave interference between 2 waves is also a
solution of wave equation because of

Linearity of wave equation

A plane wave solution k;+k,
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b. Diffraction
What is Diffraction?

Diffraction refers to various phenomena which occur when a wave encounters an
obstacle or a slit.

Interference is a phenomenon in which two waves superpose to form a resultant
wave of greater, lower, or the same amplitude.

Huygens’ principle

Christiaan Huygens (1629-1695)

Every unobstructed point on a wavefront
will act a source of secondary spherical
waves. The new wavefront is the surface
tangent to all the secondary spherical
waves.
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b. Diffraction

‘Waves from an aperture

By putting huygens’ sources between the aperture, wave from an aperture can be
modeled.

Waves from a point source
-Circular waves propagating from a point source
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Waves from a point source/an aperture
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As the number of point sources increase, we have converged on a good description
In this model!
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Diffraction angle

If we look far away from a set of sources,

High frequency speakers : very directional
Low frequency speakers : not very directional

X1 ALO|E
http://yjh-phys.tistory.com/1459
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c. Diffraction from periodic structures

What does the back-scattered light look like?

/

Scatterers

Concentric circle
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c. Diffraction from periodic structures

What does the back-scattered look like?

Zeroth order diffraction
All of the sources add up in phase to generate a phase going back
An upward or downward direction is also possible
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c. Diffraction from periodic structures

What does the back-scattered look like?

LB RN NN R ENRNENSESRSEH:RH}NHN.]

Scatterer spacing 40
in wavelengths l : I

Scatterer spacing 15 .
in wavelengths l : I

Larger scatterers seperation gives beam closer in angle
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c. Diffraction from periodic structures

Calculate the angle O of diffracted waves
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Larger scatterers seperation gives beam closer in angle
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Summary
Wave equation in 3 dimensions

1 0°¢(X,Y,z,1) _

Vh(X,Y,z,1) - 0

Plane wave solution for monochromatic wave (single angular frequency w)
o(X,Y,z,1) =exp[i(ker —wt)]

Diffraction angle (by an aperture)

c? ot?
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