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Pulse characteristics

The total phase is φ(t) = ω0t + ϕ(t), and the instantaneous frequency is dφ(t)/dt:

The lowest-order chirp parameter for a pulse is  a = 𝜑𝜑′′τ 2/2.

Time-bandwidth product  𝜏𝜏1/2∆𝜈𝜈1/2 ≥ 0.44
= for a Gaussian FT-limited pulse

down-chirped             a < 0up-chirped             a > 0

τ1/2 ∆ν1/2

𝜔𝜔𝑖𝑖 = 𝜔𝜔0 + 𝑑𝑑𝜑𝜑
𝑑𝑑𝑑𝑑

= 𝜔𝜔0 + 𝜑𝜑′ 0 + 𝜑𝜑′′ 0 𝑡𝑡 + ⋯
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Time-varying spectrum
|Short-time Fourier transform|2 = 

Spectrogram 

Short-time FT:

Chirped Gaussian pulse
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Pulse shaping and compression
When the frequency components of                                               are changed by a system, 1 1

If for a pulse, f = ν − ν0 << ν0, we use                                      , with the transfer function

An ideal non-disturbing filter introduces constant attenuation and time delay τd of each 
frequency component:                                                  .

A Gaussian chirp filter phase-shifts each frequency component quadratically:

and

.



and                  .
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For an arbitrary phase filter with a slowly varying phase Ψ, one can use the Taylor series

,
where                             . Hence, the filter is equivalent to an ideal filter followed by a 
chirp filter with

and

 Gaussian chirp filtering of an unchirped Gaussian pulse:

, and its FT is

In general, a chirped Gaussian pulse has                                                                               .

and                                  ,⇒

⇒
pulse width chirp parameter

Filtered:
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 Gaussian chirp filtering of a chirped Gaussian pulse:

2 2 2 2 ,
where

⇒ and

The pulse is unchirped and maximally compressed by the filter when a2 = 0 so that

⇒

⇒ and

Application: Chirp pulse amplifier

Gérard Mourou and Donna Strickland, 2018 Nobel Prize in Physics

= τ2
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Chirp filters
Angular-dispersion chirp filters:

Bragg-grating chirp filters: Spatial frequency varies linearly,                                   .

,

< 0,  where                       .⇒

ν0

ν

θ (ν ) = θ d(ν ) - θ d(ν0) 

,

down-chirping

down-chirping

Each frequency component travels a distance 2z, 
and at z, it satisfies 

⇒ and

⇒ > 0  for ξ > 0  (up-chirping)z

ν

α

(   ) (   )
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Pulse compression

Quadratic phase modulator,

If the original pulse is chirped:

Compression of a transform-limited pulse:

• A chirp filter can compress the pulse by unchirping it. 

• In contrast, a quadratic phase filter cannot change the pulse duration, but it changes 
the chirp parameter as

The filter will be able to unchirp the pulse, but it will also broaden the spectrum. 

Pockels or 
Kerr 

effects



where the group velocity dispersion
(GVD) coefficient is
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Optical fiber as a chirp filter
In the presence of dispersion, propagation multiplies each frequency component 
with a propagation phase factor exp[-jβ(ν )z], i.e.,

V(z,ν) = exp[-jβ(ν )z] V(0,ν). 
For narrowband light,                                                                           . 

⇒

For slowly varying β(ν ), the Taylor expansion of                                                     yields 

The time delay of the pulse is τd = z/ , where the group velocity is                           .
Propagation acts as a chirp filter with

.

.

⇒
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Adjustable prism chirp filter (through GVD):

Transform-limited Gaussian input pulse in an optical fiber (all x0 are at z = 0)

,

Angular-dispersion chirp,

and a material-dispersion chirp

(page 5)

Dispersion length 
z0 is such that

𝜏𝜏 𝑧𝑧 = 𝜏𝜏0 2.

> 0.m

b z
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 Chirped Gaussian input pulse:

 Pulse compression by use of a QPM and a dispersive medium:

,  where

and
zmin = -a1z0

The modulation phase factor 
has ζ < 0.

If a1
2 >> 1,                              and 

(focal length)

zmin = -a1z0
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