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the pyrex filter is removed to allow color center
formation, a train of @-switch pulses is obtained.
The glass must be exposed to the short wavelength
u.v. from the lamp to produce @-switching. If
glass which has previously been darkened is placed
inside a pyrex tube normal pulses result. This
establishes that additional short lived color cen-
ters are required to produce self @-switched
pulses.

In another experimental setup a rod 60 cm long
had its central length of 45 cm pumped by a 6 mm
diameter xenon flashlamp. The rod diameter was
6 mm, and the rod and flashtube were close
wrapped with silver foil under water. The power
supply consisted of 760 uF in series with 120 pH
charged to 3.8 kV. The rod had a full reflector at
one end and at the exit end only the 4% Fresnel
reflection due to the glass-air interface. Fig. 1B
and 1C show, respectively, the time traces pro-
duced after 40 flashes and 60 flashes. After 86
shots, only 3 @-switched pulses were produced
with a separation between pulses of 180 usec. The
three pulses in fig. 1D are superimposed because
the time between pulses is longer than the sweep
time and the oscilloscope was triggered by each
of the individual pulses. The full width at half
maximum of the first and n~-rowest pulse is
35 nsec. After 103 flashes only one pulse was
produced. The decrease in the number of pulses
on repeated flashing is due to the accumulation

of the stable, visible color centers, which lower
the pumping efficiency. For some of the more
intense pulses the rise time was slightly shorter
than the fall time. This is the case when the gain
required to overcome the saturable loss is com-
parable to the constant losses of the cavity [8].

The authors gratefully acknowledge R.Graf and
G.Granitsas for making the glass, N.Guertin for
technical assistance, and G. Young for helpful dis-
cussions.
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X-RAY MICROSCOPY BY SUCCESSIVE FOURIER TRANSFORMATION
II. AN OPTICAL ANALOGUE EXPERIMENT *
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An optical analogue experiment related to a method of X-ray microscopy by successive Fourier trans-
formation is described. Some experimental design features are discussed.

The operation of a two-step diffraction micro-
scope [1,2] using X-rays and light has often been
considered. A major difficulty is the resolution

* This work was aided by U.S.Public Health Service
Grant GM 09796.

attainable with existing X-ray sources and film.
In an attempt to circumvent this difficulty we have
proposed two methods of X-ray microscopy by
successive Fourier transformation [3]. In this
letter we describe an optical analogue experiment
that relates to one of these methods, the pinhole
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Fig. 1. Photographic enlargement of mask containing a

triangular array of pinholes and a reference pinhole of

diameter 6 ® § mm; & =~ 14 mm is the distance from the
pinhole to the far edge of the triangular array.

Fig. 2. The diffraction pattern of the mask obtained
using the optical diffractometer. This is a Fourier-
transform hologram.

Fig. 3. The diffraction pattern of the hologram obtained
using the optical diffractometer. This is the optical re-
construction.

method. We also present some further considera-
tions on the design of the experimental setup and
on the theoretical resolution.
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The arrangement of components in the pinhole
method comprises a Fourier-transform X-ray
diffraction microscope [3,4]. The opaque object
plane contains a small pinhole of diameter 6 and
an aperture of diameter A over which the object
is placed. The aperture and pinhole are separated,
center-to-center, by the vector distance a. A
Fourier-transform hologram of the object is ob-
tained by recording the far-field X-ray diffraction
pattern of the object and reference pinhole. The
far-field condition is

12 1/p +1/9'0% <1,

where X is the X-ray wavelength, p is the distance
from the source to the object plane, ¢ is the sepa-
ration of the object and film planes, and b is the
distance from the pinhole to the far edge of the ap-
erture. The amplitude transmittance of the holo-
gram, fy, has the form

ty = !TO!2 +|7y 52+2Re[T°{TO exp(-i2ma r')] ,

where r* = r/Ag, and where T, (r*)exp(-i27a. r)
and Ty(r*) are the Fourier transforms of the pin-
hole transmittance function ¢y(r- a) and the object
transmittance function £1(r) *. Reconstruction by
optical Fourier transformation gives the ampli-
tude distribution

Ty = Aolu) + A1) + R(u- @) + R*(-u-a) ,

where u = r/M and M is the overall magnification
[3]. The first two terms are the pinhole and object
autocorrelation functions; these functions are con-
tained within a circular region of diameter 2MA
centered at the origin. The two remaining terms
describe magnified images of amplitude

R) = to(u) * ¢1(-1) and R*(-u) = t(-0) * £ (u),
which are displaced from the origin by vector
distances Ma and - Ma respectively. Separation

of the reconstruction images from the autocorre-
lation pattern is obtained if b > 2A.

The optical analogue experiment is performed
as follows. An opaque mask containing a triangu-
lar array of pinholes and a reference pinhole is
placed in an optical diffractometer (R.B. Pullin
and Co., London), which has a yellow-filtered

T The recording of {y implies the following restrictions
on film resolving power N, angular source size d/p,
and AX/X:

N = b/ng,
d/p < 2/26,
AMX S 6/b .

Hence by suitable choice of b the recording of the fine
details in #y is possible with real X-ray sources and
film.
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mercury-arc source. The diffractometer records
the far-field diffraction pattern of the mask; this
record when reproduced as a positive transparency
is the Fourier-transform hologram t. An optical
reconstruction is produced in the diffractometer
by replacing the object mask with the hologram
and recording the far-field diffraction pattern.

A photograph of the mask is shown in fig. 1. The
Fourier-transform hologram is shown in fig. 2.
The Young's interference fringes originating from
the separation of the object and reference pinhole
are clearly seen. The optical reconstruction is
shown in fig. 3. The autocorrelation of the trian-
gular array covers the central region; this pattern
is analogous to the Patterson diagram of crystal-
lography. The separated reconstructions of the
triangular array are well displaced from the auto-
correlation pattern and have a center of symmetry
with respect to the origin.

We note that optical demonstrations of Fourier-
transform holography have also been given by
Leith and Upatnieks [5] and by Vander Lugt [6].
The present demonstration differs in that a non-
laser source is used and the reference wave is
produced by diffraction at a pinhole in the object
plane. Hence there is correspondence to the X-ray
case.

The diffractometer is a convenient device for
recording optical Fourier-transform holograms;
in this device p = -¢ and the far-field condition is

t The values of parameters are such that fine details
are recorded. The source has effective angular diam-
eter d/p = 1.6 x10-5, the pinhole diameter § ~ mm,
b~ 14 mm is the distance from the pinhole to far edge
of the triangular array, the mean wavelength A = 5790 A
and AX ~100 &.

automatically fulfilled. In the X-ray case, how-
ever, lenses are not available and the far-field
condition severely restricts object size. H, for
example, A =4 A and p =¢ = 1m, then the far-
field condition specifies an object of diameter
A =1p <5u. However this condition can be re-
laxed by recording the X-ray hologram in the
Fresnel diffraction region of the object. We re-
quire that the diffracted waves from the object
and pinhole overlap sufficiently so that phase in-
formation is recorded. The overlap condition
(which replaces the far-field condition) is

2/x|1/p+1/q|b6 <1 .
Therefore a somewhat larger obiect (or smaller
pand ¢) canbe used, andif A =3 A, p=¢ =1m,
and 6 =1/10y, then A < 190u. The hologram made
under these conditions is reconstructed by optical
Fourier transformation. The amplitudes of the re-
construction images differ from R () and R* (- by
an unobservable quadratic phase factor.
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HIGH-FREQUENCY STARK EFFECT
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Experimental observations are reported on the shifts of the first order Raman lines arising from the
Stark effect produced by a large field. The effect was pointed out by Javan.

The stimulated Raman effects produced in a
few liquids were studied in some detail. Out of
these liquids, cyclohexane showed an interesting

Raman effect [1]. When the Raman cell was well
aligned parallel to the front maser-mirror of the
ruby laser, another molecular vibration [1, 2]
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