The Optical Frequency Comb
Technique
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Roadmap

Motivational scenario
What is the optical frequency comb
technique?

Applications
Complex waveforms: they’re natural
The Fourier Transform
How to build a wave packet



Scenario

To study atomic structures on the scale of
femtoseconds

Extremely difficult with older methods
To challenge the validity of a fundamental
physical constant

Do one or more change slowly with time?
Laser-based spectroscopy




The Technique

Uses laser to generate light spectrum from
monochromatic, ultra short pulses of light
Results in a comb-shaped spectrum with
known (calculable) wavelengths

Uniform and extremely short spacing of resulting
spectral lines—like a ruler
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The Technique (cont’d)

Compare the wavelength of the
electromagnetic radiation emitted to comb

Very high degree of accuracy
Can alter the included frequencies by
narrowing/broadening the pulse

300,000 comb elements
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Modern Applications

Astronomical observations
GPS
(Re)definition of physical units:

1m =1/299,792,458 S
... and more!



John Hall Theodore Hansch

Nobel Prize, 2005

“for their contributions to the development of laser-based precision spectroscopy,
including the optical frequency comb technique”
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Wave Packets

Complex waveforms useful in quantum
mechanics

Can approximate a well-localized particle
Not periodic functions
Can be created by linear combinations of sine
waveforms

Use distinct wave numbers that are not restricted
to integer multiples



The Fourier Transform

A waveform'’s spectral content: know
amplitude of composite wavelengths
Allows for analysis of complex phenomena
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The Fourier Transform (cont’d)

Want: A specific waveform with a dominant
Ko
Idea: Add more distinct wave numbers, ki, near
Ko with small uniform separation

Keep doing this until the separation diminishes
Construct A(k) to describe spectral content,
or the amplitude of each wave number k;



The Fourier Transform (cont’d)
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The Fourier Transform (cont’d)

Use wave function for plane wave as a

building block
Complex waveforms are linear combinations

of the appropriate A(k;) and the wave
function for a plane wave

Co

P(x) = f A(k) et dx
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The Fourier Transform (cont’d)

Solving for spectral content, A(k), yields the
Fourier Transform of w(X)

400 = FP) = 5= [ P00 e ax

So what?

Tells us exact amplitude of each sinusoidal
waveform of a corresponding wave number, ki



Building Wave Packets

Use inverse relationship inherent in the
Fourier Transform for manipulation
Want: y(X) centered aboutx =0 °

and wavelength determined by
Ko
Build A(k) with a dominance on Kk,
Perform inverse FT to obtain w(X)
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ThankYou!

Questions?




Sources

A bibliography of sorts




