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An extension of the transverse gating, focal plane, optical Kerr effect photographic technique has permitted the 
direct observation of a frequency sweep within single - I 0  psec duration 0.53/~ wavelength pulses derived from a 
mode-locked Nd:glass laser. 

Direct time resolved studies of  the output of  mode- 
locked Nd:glass lasers have been reported by a num- 
ber of workers [1 -10 ] .  Both the time duration [4, 5, 
7 - 1 0 ] ,  and the integrated spectrum [1 -3 ,  5] of  
each individual pulse in the mode-locked laser output 
have been directly resolved. In addition, the applica- 
tion of  non-linear optical diagnostic techniques, and 
picosecond streak photography, to the investigation 
of mode-locked pulses dispersively delayed by a grating 
pair have indicated the occurrence of  frequency sweep- 
ing processes in the generation of  these high power 
pulses [11, 12, 9]. However, although the existence 
of a frequency chirp on mode-locked pulses has been 
inferred from two-photon fluorescence [11] and 
four-photon fluorescence studies [12] of  the entire 
pulsetrain and from picosecond streak photography 
of single dispersively delayed pulses [9], its direct ob- 
servation on individual pulses has not yet been made. 
In this paper, we wish to report some initial results of  
a picosecond, time-resolved, study of  the second har- 
monic spectrum of  single Nd:glass mode-locked laser 
pulses. These have been obtained by using an extension 
of  the technique of  transverse gating, focal plane, opti- 
cal Kerr effect (OKE) photography, which has previ- 
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ously been used in the picosecond framing photo- 
graphy of laser produced plasmas [13], and of  in- 
dividual second harmonic pulses [14, 15]. 

The general experimental arrangement is shown 
schematically in fig. 1. A single pulse, having an en- 
ergy of  ~ i  mJ was isolated from the output pulse- 
train of  a mode-locked Nd:glass laser by means of  an 
electro-optical shutter switched with a laser triggered 
spark gap. This pulse was then amplified to an energy 
of ~0.5 J by double passage through a 60 cm long, 
25 mm diameter amplifier. It was then passed through 
a phase-matched KDP crystal, which converted a frac- 
tion of the pulse to the second harmonic frequency 
(X = 5300 A). This green light wad then separated 
from the infrared pulse by means of  a mirror, M, 
which fully reflected the 1.06 ~t radiation, but was 
transparent to its second harmonic. Thereflected 
fundamental pulse was slightly focused into a 2 cm 
long, 1 cm wide cell, containing CS 2 and situated be- 
tween two crossed (HN 22) polarisers, forming the 
central part of  the transverse gating OKE photo- 
graphy arrangement [13]. The second harmonic pulse 
was focused by a 20 cm focal length lens (L1) into 
a small scattering cell containing powder milk in sus- 
pension in alcohol. Radiation scattered from the nar- 
row focal region within the acceptance cone of  a 
f / 0 .8 ,  20 mm lens (L2) was imaged in the OKE cell. 
Thus, providing that there are equal optical path 
lengths for the fundamental and second harmonic 
radiation to travel from mirror M to the OKE cell, 
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an image of  the 0.53/1 pulse passing through the scat- 
tering cell is gated by the 1.06 # pulse in the cell of  
CS 2 . As has already been pointed out [14, 15], in 
this particular configuration the gating pulse overlaps 
the image of  the 0.53 g pulse in the OKE cell with an 
effective velocity of  2c/n, where c is the velocity of  
light, and n is the refractive index of  CS 2 . This over- 
lapping process within the CS 2 cell leads to a time 
resolved image of  the 0.53 # pulse being transmitted 
by the OKE shutter. In the present case the time re- 
solution is limited, since the gating pulse has approxi- 
mately the same duration as the pulse being probed. 
However, with the provision of  much shorter gating 
pulses the temporal resolution of  this technique can 
be improved considerably. 

In order to demonstrate this capability of  the 
transverse, focal plane gating technique for producing 
a picosecond time resolved image, the spectrum of  the 
individual second harmonic light pulses was investi- 
gated. A knowledge of  the temporal behavior of  the 
spectrum of the pulse is of  interest in view of  previous 
evidence of  frequency chirping within mode-locked 
Nd:glass laser pulses [9, 11, 12]. The transmitted sig- 
nal of  the OKE shutter was imaged by means o f  an 
f/1.8, 86 mm focal length lens onto the slit o f  a 3/4 
meter Czerny-Turner  spectrograph and the optical 
system arranged such that the time axis of  the trans- 
mitted signal was aligned along the slit of  the spectro- 
graph. The resulting spectrograms consequently dis- 
played a wavelength scale along one dimension and a 
picosecond time scale along the other. A typical time 
resolved spectrum of the second harmonic of  a single 
amplified mode-locked laser pulse is shown in fig. 2. 
The total spectral width of  the pulse is ~30 A, and 
its duration (fwhm), ~10  psec. However, as can be 
seen, there is a progressive sweep of  the spectrum of  
the pulse toward longer wavelength, with a total 
wavelength shift of  ~30 A per 10 psec. This is more 
clearly shown in fig. 3, which shows a series of  den- 
sitometer traces obtained from the spectrogram shown 
in fig. 2. The value of  the wavelength shift within the 
second harmonic of  one amplified 1.06/~ mode-locked 
pulse, is similar to that which Treacy [11] observed 
in the pulsetrain output  o f  a mode-locked Nd:glass 
laser (~100 A per 8 psec) by using dispersive delaying 
and two photon fluorescence techniques. However, 
it should be noted that the spectral resolution o f  the 
spectrogram of  fig. 2 is limited to no better than 
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Fig. 1. Schematic representation of experimental arrangement 
for the time resolved spectroscopy of 0.53 tz mode-locked 
laser pulses using transverse, focal plane, optical Kerr effect 
photography. Legend: M - dielectric mirror which fully 
reflects fundamental radiation, but transmits second har- 
monic, PI, P2 - polarisers; L1 - focusing lens; L2, L 3 
quality, high power lens in photographic system. 
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Fig. 2. Time resolved spectrum of the second harmonic of a 
single amplified mode-locked Nd :glass laser pulse. 

~3 A, corresponding to the dynamic spectral resolu- 
tion o f  any instrument for a 10 psec pulse at 1.06/a. 

Time resolved spectra of  the second harmonic of  
the oscillator output pulsetrain were obtained, and 
found to be similar to the spectrum shown in fig. 2. 
In addition, in some of  the spectra obtained, both of  
the single amplified pulse, and of  the output  pulse- 
train of  the laser, a time-independent spectral com- 
ponent was observed. The origin of  this stucture is at 
present unclear, however it did not appear to have 
originated from the second harmonic generation crys- 
tal, and may be intrinsic to the output spectrum of 
the mode-locked laser itself. 
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Fig. 3. A series of densitometer traces obtained from the 
spectrogram shown in fig. 2. The number on each trace cor- 
responds to the appropriate line in fig. 2. 

laser itself. 
The results presented above, although preliminary, 

do illustrate the potential of a new technique of ultra- 
fast photography. In particular, the provision of laser 

light pulses of significantly shorter duration, as may 
be afforded by mode-locked dye lasers, or with the 
use of optical compression techniques, in conjunction 
with tranverse gating, focal plane optical Kerr effect 

photography, will extend the range of time resolved 
spectroscopy into the subpicosecond range. However, 
this can only be achieved at a heavy cost in spectral 
resolution, and thereby constitutes a final limination 

on the applicability of this, or any other, ultrafast 
time resolved spectrographic technique. 
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