ENEE381

Lecture 09
Diffraction, Interference



Diffraction

Waves launched from a finite size source spread
out as they propagate.
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Far field is Fourier transform of near field.
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Problem

A certain infrared (wavelength 1 micrometer) laser beam can be focused to a
spot size (W, = 15 micrometers).

1. What is the Rayleigh distance?

2. Suppose the central intensity at the focal point is 10'® W/cm?, What is the
central intensity 3 meters from the focus? What is the RMS electric field?



Approach

ﬁ(x,y,z)

We will assume we
know E, and E, in
plane z=0

Fourier Transform
E(z=0). Construct a
superposition of plane
waves giving E, and E,
in plane z=0

We will evaluate
the superposition
of plane waves as
a function of z.
Inverse Fourier
transform



Wave Equation
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Consider transverse components,
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Take spatial Fourier transform in xand y
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Solutions
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Divergence E=0
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We can find E, after the problem for Ex and Ey is solved



Fourier Inversion
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Consider Gaussian Dependence on X,y
in plane z=0
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Near field Fresnel Fraunhoffer

Fresnel: Invented the Fresnel lens. Installed in lighthouses around the world. Saved
many lives.

Fraunhoffer: Orphaned at age 11. Worked for glass maker. Buried in collapsed
building. Rescued by a Prince. Invented the spectroscope.
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Far Field Radiation Pattern
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Stationary Phase
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Example
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When is there perfect destructive interference?
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Etc.
These wavelets all meet on the screen Also: a A\
at angle 6. Wavelet 2 travels distance ZSIH 0, = 5

Ar,, = (a/2) sm@ farther than wavelet 1. 193
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