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Real-time interferometry 
using a holographic image 
If a hologram of an object in 
a given state is made, the re
constructed image can be 
made to interfere in real-time 
with the "live" images of the 
same object in different 
states. Hence, deformations 
that are dynamic in nature 
can be observed directly. This 
also provides a natural and 
very sensitive method of 
aligning the hologram to the 
original position after it has 
been removed for processing. 
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Figure 9. Recons t ruc ted wavefront at z = 3500λ behind the 
double-exposure hologram, showing the interference pattern 
between the real images of the distorted and undistorted f a c e . 
The incident b e a m is the conjugate of the original reference 
b e a m used in both exposures , and the component of the recon
st ructed wave traveling along the Z -ax is carr ies the real i m a g e s . 
( a ,b ) Logarithmic plots of intensity and phase distribution over 
the area of the real image. 
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Fixed-focal length lenses for small 
format CCD arrays have become 

a mass market item due to the in
creasing use of inexpensive CCD 
cameras for surveillance and video 
conferencing. These lenses can be 
very compact because the image di
agonal is small, ranging from 
2.7-5.5 mm. In fact, normal lens 

types like the Tessar or double Gauss 
tend to be too small because they 
provide inadequate back focal dis
tance to accommodate the CCD 
cover plate and any filters that might 
be placed after the last lens surface. 
In addition, if the lens elements be
come too small, fabrication difficul
ties can dramatically increase the 
price. A good way to solve these 
problems is to choose a reversed 
telephoto form, which has both a 
large working distance and large 
lens elements relative to the focal 
length.1,2 The use of a reversed tele-
photo form will also help to make 
the system quasi-telecentric, which 
is essential if the CCD is a full color 
type using dichroic color filters over 

individual pixels. 
This month's design, shown in 

Figure 1, is a 5.26-mm EFL reversed 
telephoto lens intended for a 
4.7-mm diagonal CCD. The design 
consists of a two-element negative 
front group and a three-element 
positive rear group that includes a 
cemented doublet. All three ele
ments in the rear group are either 
bi-concave or bi-convex, which 
helps to reduce manufacturing cost. 
The back focal distance with the 
CCD cover plate removed is 7.7 
mm or 1.46x the focal length. The 
full field-of-view is relatively mod
est for a reversed telephoto at 49.2°. 

The aberration curves in Figures 
2 and 3 indicate that the design is 

Figure 1. 5 . 2 6 - m m E F L , 4 9 . 2 ° full field-of-view C C D lens . 
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well corrected overall, but has resid
ual spherical aberration, field curva
ture, and astigmatism. There is about 
2.3% distortion at full field, which 
will be noticeable for images with 
straight lines near the edge of the 
field because third order contribu
tions are not significantly compen
sated by higher order contributions. 

The patent is vague about the 
resolution requirements for the de
sign, suggesting only that it fulfills 
"a need for a realization of a pho
tographing lens for a CCD camera 
having a high resolution." MTF 
analysis indicates that the design is 
capable of producing high quality 
monochrome images at VGA 
(640 X 480) resolution over a 
4.7-mm diagonal. Full color images 
with a single CCD will have one-
third this resolution. Assuming a 
4:3 aspect ratio for the CCD, the 
pixel size is (4.7 mm X 0.8)/ 
640 = 0.00588 mm = 5.88 μm. The 
smallest spatial details that can be 
detected by the CCD, therefore, cor
respond to a spatial frequency 
of 1 cycle/(2 X 0.00588 mm) = 
85 cycles/mm. Figure 4 indicates 
that the contrast at 85 cycles/mm 
exceeds 25% out to the extreme cor
ner of the field, and exceeds 45% 
over the central 90% of the rectan
gular image area. 
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R e c e n t Research 

SUMMARIZED BY GEORGE LEOPOLD 

These postdeadline papers were presented 

at the 1997 O S A Annua l Meeting, 

October 12-17, 1997, Long Beach, Calif. 

3-D OPTICAL DATA STORAGE BASED 

ON cw FEMTOSECOND LASER 

Russian researchers report the de
velopment of a single-beam 

two-photon "bit-by-bit" writing 
and fluorescent "page-by-page" 
reading 3-D optical storage device 
based on multilayer polymer stor
age media. 

The media contains inter
changeable photosensitive layers 
and layers of inert pure polymer 
for spatial separation. Illumina
tion from a cw fs Ti:sapphire laser 
is used for two-photon excitation 
of the photochemical reaction in 
the prototype. 

Figure 2. Transverse ray aberrations in millimeters for full field angles of 0.0, 
34.4, and 49 .2° . Aberration curves are given for wavelengths of 486.1, 
587.6, and 656.3 nm. 

Figure 3. Field curvature in millimeters and distortion in percent 
as a function of field. The wavelength used for the calculation is 
587.6 nm. 

Figure 4. MTF at 50 and 85 cycles/mm as a function of 
field angle. Ninety percent of the rectangular image area 
is covered by the central 40° field-of-view. The highest 
spatial frequency that can be detected by a VGA resolu
tion CCD with a 4.7-mm diagonal is 85 cycles/mm. The 
curves represent a polychromatic calculation using wave
lengths of 486.1, 587.6, and 656.3 nm, weighted equally. 

Table 1. Optical prescription, where measurements are 
given in millimeters. 
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