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Zeroth-order phase: the absolute phase

Different absolute phases Different absolute phases
fora four-cvcie pulse for a single-cycle pulse
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Group delay

group delay vs. frequency, t,()
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Time domain Frequency domain
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Second-order phase: the linearly chirped pulse
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The Negatively Chirped Pulse
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The Fourier transform
of a chirped pulse

Looks like a Gaussian
with a complex width!

A chirped Gaussian pulse
Fourier transforms to another
Gaussian.




independent of the
chirp parameter 3

depends on f3!




Therefore:
A chirped pulse is longer than it could be (given its spectral width)!




The group delay vs. @ for a chirped pulse




2"d-order phase: positive linear chirp
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2"d-order phase: negative linear chirp
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Aw-At =22.77 Av-At >0.441




Time-Bandwidth Product
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A linearly chirped pulse with no structure can
also have a large time-bandwidth product.
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Common pulse envelopes (with t, = Intensity FWHM):

Gaussian pulse E(t) exp[—1.385(¢/ Tp)2]
sech - pulse E(t) sech[1.763(¢/7p)]

Te m p O ra I Lorentzian pulse E(t) z [1 + 1.656(t/7,)2] "
and spectral < fexp(t/7) + exp(=31/ )|
s h a p e s , Spectrum . Intensity

—— asymm. sech pulse E(t)

Spectra for

an d T B PS Of pulses with

the same

s o m e pulse width

ultrashort

Field Intensity Spectral
p u I S e s envelope profile profile

Gauss e‘z(f/Ta)a e-(ﬁ”’G‘)zlz
sech sech®(t/7,) sech? (1w 7,/2)
Lorentz [1+(t/m)?]2 e~ 20l

-2
ggglllnm. [et/ Ta 4 g—3t/ *‘] sech(rwT,/2)

rectang. |1 for |t/7| <%, 0 else sinc?(oT,)




Nonlinearly chirped pulses
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E-field vs. time Spectrum and spectral phase
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3rd-order spectral phase: quadratic chirp
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Negative 4th-order spectral phase
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5th-order spectral phase
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Negative 5th-order spectral phase
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The shortest pulse for a given spectrum
has a constant spectral phase.




Pulse propagation in a medium

frequency domain

E, (o) = E, (o) exp[-a(w)L/2] exp[—in(w) k L]




S, (@) = S, (@) exp[~(@)L]

0, (@) = ¢in(m)+n(m)§L




S (@) = 5, (@) exp[~a(w)L]




Waveform Spectrum
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Next lecture:




