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Outline

• Mathematical Descriptions

Fourier Transforms

Convolutions

• Heisenberg’s Uncertainty Relations and Limitations

Problem

• Wigner Distributions Function

Definition and Properties

Solution

• Experimental Realization of the Solution
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Fourier Transforms

F(x)

x
What is the frequency of pattern repetition?

Look at the Fourier Transform of F(x)
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Fourier Transform Pair
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Convolution

short-sighted

Stars
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Spread Function

x

x

x

Pulses

Convolution

Determined by
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Given F(x) and G(x), their convolution is given by:
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air pressure vs time

Using Fourier Transforms,

we obtain

At time t, what is the frequency ν ν ν ν ?
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νννν and t cannot be specified simultaneously

Heisenberg
Uncertainty

Principle

Can problem be solved by finding a different
mathematical representation?

Wigner Distribution Function

Local Spectrum
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Wigner Distribution Function
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Examples of the Wigner distribution function of some signals

Monofrequency

Pulse

Linearly Increasing
Frequency
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Define a “local spectrum” to give us the frequency
content of a position interval.

Define the x and Define the x and νννννννν ““eyeseyes””

x

ωωωω

Minimal
Uncertainty
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Local Spectrum

δδδδx0 is the
resolution

length
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Experiment

δx controlled by the
transmittance angle
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Experimental Results
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Word/Voice Recognition



Conclusions

• Wigner distribution functions give the distribution of 

ν and x for optical signals.

• To find the ν associated with an x range and not
violate the Heisenberg’s uncertainty relation, the

concept of “local spectrum” is developed.

• Applications of the “local spectrum” include

technologies requiring voice recognition capabilities.
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