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We employ techniques from time- sis,imagerecovery, andphase 

ase of an ultrashort laser pulse. retrieval to measure the time-depende 
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One such case is the 

(written in complex notation and with the optical 
the time delay between the two replicas of the pulse. 

(2) P E&(t, z)exp(-iae . 
Note that the FROG trace is a type of self-gating spectrogram [4], in which the 

gate function is actually the intensity envelope of the pulse to be measured (ii other FROG 

. .  

. .  

. .  



geometries, the gate function will have a different form, but will still be a fuaction of the 
pulse). In the language of Cohen's general class of time-fiequency distributions [5J, the 
kernel associated with the FROG trace is signal dependent. This fact makes the usual 
inversion techniques unusable, and other methods must be soughti 

The FROG pulse xetrieval problem can be recast as a phase problem by 
rewriting Eq. (2) as 

ESi& C2) exp(iwt + (3) 

where l2 is the conjugate variable associated with an inverse Fourier transform with 

iterative-Fourier-transform or error-reduction 
phase-retrieval algorithm [s] to fincl the signal field Once we have found the signal field, 

form of the two-dimensional phase retrieval 

ections onto sets 

performs better on noisy data (inevitable in experiments) than the original algcn-ithm. 

unknown function, gate pulse to measure signal 
pulse. Inthiscase, ) becomes 

A variant of FROG occurs when we allow the gate function to be another 

2 
&i,(f,Z) = E,( f jEg(f -Zj  ' (4) 

The inversion problem now bears a resemblence to blinddeconvolution as well 8s phase 
retrieval. Under certain CinunstanCes we can recover both the signal field and the 
magnitude squared of the gate field from a single experimental trace. We call this the 
Twin Recovery of E-field Envelopes using FROG, or TREEFROG. TREEFROG 



algorithm, which is based on blind-deconvolution algorithms [lo], updates the signal and 
gate fields on alternate iterations. 

because the form of Eq. (1) implies an instantaneous response of the medium used to 
generate the signal field, while most nonlinear optical materids have a mom complicated 
response. We can include these effects by writing a generalized signal field 

W e  can also allow for more complicated form of the signal field. This is necessary 

wherefis an arbitrary function of the electric field and the time delay between the two 
replicas fo the field. Using the method of generalized projections, we can construct an 
algorithm to retrieve the field E(t) given knowledge of the function$ In the future, we 
also hope to be able to perform the converse problem: to retrieve the form off given 
knowledge of the field In this way, we could use FROG-related techniques 

st in 
the laser science field. 
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Fig. 1. A FROG trace of an ultrashort laser puke. 
The FROG trace is a type of self-referenoed 
spectrogfam. where the 
window. 

Fig. 2. The intensity and phase of the lasapulsc that created 
the FROG trace of Fig. 1. A pbrctrievd-based algorithm 
was used to invert the FROG trace. Dataiscoratesy of Dr. 
Kent W i  and Dr. Bern Kohlex of UCSD. 


