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Proposal for a universal optical frequency comb synthesizer

T. W. Hinsch
Max-Planck-Institut fiir Quantenoptik

(March 30, 1997)

Abstract

An optical frequency synthesizer is proposed which produces a wide comb of
absolutely known equidistant marker frequencies throughout the infrared, visible, and
ultraviolet spectral range. To this end, a white light continuum with pulse repetition rate
f, is produced by focusing the output of a mode-locked femtosecond laser into an
optical fiber or bulk medium with a third order nonlinear susceptibility. The rate of
phase slippage of the laser carrier relative to the pulse envelope f, is monitored by

observing a beat signal between the white light continuum and the second harmonic of
the laser.
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Schritt 1: Generiere periodische Pulsfolge Cb.4d
Applet: http://www.physik.uni-wuerzburg.de/femto-welt/index.html
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Schritt 2: Zerlege Pulsfolge nach Frequenzen Mﬁe_

Fourierspektrum der periodischen Pulsfolge ist ein Frequenzkamm: «F,,‘ =nf. +,

Optical Frequency Comb Synthesizer
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Kammbreite: invers proportional zur Dauer eines Pulses: A{: = T ~%Z lo"’ #5, 0]
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Foumer‘—SpekTrum ist ein Frequenzkamm:

Signal ist nicht streng periodisch, sondern hat Puls-zu-Puls Phasenverschiebung:
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Phasenverschiebung hat langsame Zeitfluktuationen, 2¢ . Kamm somit auch: £ = fa(4)




Schritt 3: Bestimmung v. {o

Nehme breiten Kamm, der

eine 'ganze Oktave' enthdlt, d.h.
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(siehe wieder Seite bc )

Uberlagere Signale von 2 fv\

Alle Kammfrequenzen sind jetzt bekannt, d.h. Referenzsignal ist kallibriert |

'A million stabilized lasers in a single beam’
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femtosecond laser frequency comb synthesi

100 000 ultra-stable lasers at once
revolutionary optical wave meter
frequency counter from DC to UV
clockwork for optical atomic clocks
ultra-stable microwave source

enabling tool for fundamental measurements
arbitrary optical waveform synthesizer?

source of phase-stabilized femtosecond pulses
key to attosecond physics

Prof. Ferenz Krausz (LMU)
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Applications for (better) Atomic Clocks

Precision Spectroscopy
Time and frequency metrology

Clock synchroni

N over large distances

Very long baseline interferometry (VLBI)

Higher performance satellite navigation (Galileo)
Precise tracking of remote space probes
Telecommunication, network synchronization
Variability of earth’s rotation

Geodesy with millimeter precision

Pulsar periods

Test of special and general relativity

Check constancy of fundamental constants

Oktober 2005, Schellingstr. 4, LMU, Miinchen
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Radon-Transformation (C6.3) \ Cé.4k

Rontgen-Tomographie: Messung der Dichte von Gewebe durch Absorption von Rontgenstrahlung.
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