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After completing his Ph.D. thesis 
on spherical aberration, Mau

rice Françon devoted the energy and 
enthusiasm that characterized his 
life (see page 13) to the subject of 
phase contrast microscopy, a hotly 
pursued subject of research in Euro
pean optical laboratories during the 
late 1940s. 

Françon developed a number of 
instruments for the observation of 
both microscopic and macroscopic 
phase objects, including an optical 
component in the form of a half 
sphere, which contained the π/2 
phase plate. This element, placed 
between the preparation and the 
objective of an ordinary micro
scope, produces a phase contrast 
image of unit magnification that is 
subsequently magnified by the 
microscope (see Fig. 1). 

During this same time, Bernard 
Lyot was working on his corono
graph, an instrument meant to 
observe the sun's corona in ordinary 
conditions. In the coronograph, a 
high quality lens forms an image of 

the sun and an opaque screen 
placed in the image plane masks the 
solar disc, leaving the unobscured 
corona to be observed or pho
tographed. Since the intensity of the 
corona, a few minutes of arc away 
from the sun's rim, is a million 
times less intense than the sun, the 
parasite light due to the glass sur
face and volume defects in the 
imaging lens system may render the 
observation of corona impossible. 
Thus it is necessary to eliminate the 
defects of the material inhomo
geneities and of surface polishing in 
the image forming optics. Françon, 
collaborating with Lyot, began to 
work on this problem using the 
phase contrast method. He first test
ed and selected the glass discs and 
then tested the polishing quality 
during fabrication (see Fig. 2). 

The phase contrast method has 
its own shortcomings. For example, 
the phase plate produces annoying 
diffraction artifacts in the image 
plane. Additionally, this technique is 
not suitable for low spatial frequency 

phase defects because the 
light that they diffract 
reaches the phase plate 
the same as the undif
fracted light. 

Interference 
The interference methods 
used to avoid these short
comings often need 
delicate manipulations. 
Françon developed inter
ference techniques that 
are easy to set and trans
form phase variations 
into color variations. The 
general setup of these so-
called polarization inter
ferometers is shown in 
Figure 3a. In the phase 
contrast method, a π/2 
phase plate is placed in 

the image plane of the source S, 
which is also the Fourier plane of the 
input object A. Françon replaced the 
phase plate with a Wollaston prism 
or some other birefringent element 
that gives rise to a system of parallel 
rectilinear fringes in the Fourier 

Figure 1. The half sphere ACTDB is cut Into two along the 
line CD. The face CD of the upper component is partially 
silvered and the phase plate is introduced at L. The two 
components are then cemented together. The condenser 
(not shown here) forms an image of the source on the 
phase plate L. The object M is imaged at M' by the diffract
ed light. 

Figure 2. A pitch polished lens surface as seen by the phase 
contrast method. 

Figure 3. (a) General setup of a polarization interferometer. The 
Wollaston prism W is placed between two linear polarizers (not 
shown here). The lenses L 1 and L 2 form an image of the white light 
slit source S at S'; the rectilinear fringes of the Wollaston prism are 
also located in this plane. The slit image is adjusted to be parallel 
to the fringes. The lens L 2 forms an image of the object A at A' 
which is observed with a magnifying lens L 3 . (b) Two laterally 
sheared images of the input phase object appear in the output 
plane. 
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Figure 4. Deformation of the surface of water by a small insect settled on it. 

plane. The image of the white light 
slit source is arranged to fall on the 
fringe of purple hue; thus the back
ground in the output plane appears 
purple. The phase defects in the 
object under study deflect the light 
towards the fringes of other colors. 
The eye, very sensitive to variations 
in colors, can detect phase variations 
of a few degrees. 

The working principle of these 
interferometers can be explained in 
a different way. Due to the birefrin
gent element, two laterally sheared 
images of the input object appear in 
the output plane (see Fig. 3b). The 
interference between these images 
reveals the phase variations of the 
input object. The lateral shear can be 
easily varied from a few microns to a 

few hundred microns. To measure 
isolated phase details of small size on 
a practically uniform background, 
the shear is chosen to be greater than 
the linear size of the phase detail. 
Thus the phase defect superimposes 
on a uniform background and the 
interferogram furnishes the absolute 
phase of the defect. For studying 
objects of large dimensions, the lin
ear shear is chosen to be smaller 
than the resolving power of the opti
cal system and the interferogram 
gives the spatial derivative of the 
phase variations (see Fig. 4). 

For many practical applications, 
for example the study of wind-tunnel 
aerodynamics, the information pro
vided by a differential interferometer 
is sufficient to form a global qualita

tive picture of the phase 
object. These interferome
ters have the great advan
tage of not requiring a high 
quality reference wavefront 
and are extremely stable 
because the two interfering 
waves have a common path 
in the optical system. 
Because the lateral shear 
can be easily and continu
ously varied over a large 
range, these interference 
systems have been used to 
measure the autocorrela
tion of wave fronts and 
hence, the transfer func
tion of optical systems. 

Speckle 
The advent of the laser 
brought into prominence 
the speckle phenomenon 
and Françon became char
acteristically enthused. He 
implemented a large num
ber of image processing 
applications in which he 
used a speckle pattern 
instead of a simple grating 
to modulate the image to 
be processed. 

A particularly interest
ing application was the 
detection of differences 
between two similar ob
jects. Finding the differ
ence between objects A 
and B by modulating them 
with a high spatial fre

quency grating was known. (The 
grating may be placed in contact 
with the object or an image of the 
grating may be formed in the object 
plane. Here, A and B are imaged, 
one after the other, on a photo
graphic plate, the grating having 
been shifted through half its period 
between the two exposures. The 
doubly exposed plate is observed in 
a spatial filtering set-up and the dif
ference is obtained in the output 
plane. In this technique, the grating 
moves precisely through half of its 
period perpendicularly to its lines.) 
However, when a speckle pattern is 
used to modulate A and B, the mag
nitude (a few microns) and the 
direction of its displacement are 
arbitrary. In the spatial filtering 
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operation, the identical regions of A 
and B generate rectilinear fringes in 
the Fourier plane; a slit diaphragm 
positioned on a dark fringe elimi
nates the identical areas and only 
the difference appears in the output 
plane. This technique has been used 
to process such images as satellite 
photographs of Earth's surface taken 
at two different times of the year 
and x-ray images taken before and 
after the injection of a tracer. 

Shamlal Mallick and Jean-Michel Jonathan are 
researchers at the Institut d'Optique in Orsay, France. 

Recent research 
Continued from page 56 
work containing managed network 
elements in two domains, emulating 
local exchange and inter-exchange 
networks, under the control of two 
distinct network control and man
agement systems. The demonstra
tion network included sufficient 
transmission distance to cover the 
East Coast of the U.S. 

The network was shown to be 
capable of supporting eight wave
lengths, as well as some analog 
modulation formats. Optical trans
parency of the MONET network was 
shown with FM analog video signals 
sent bidirectionally on one wave
length, simultaneously with 2.488 
Gb/sec data on the other seven wave
lengths. Connections were originat
ed from within either domain and 
established to any managed element 
in the network. 

Consortium members said they 
will continue to upgrade both by 
adding network elements to the 
MONET-N.J . network, as well as 
additional software features. 

Bellcore, Red Bank, N.J.; AT&T Research Laboratories, 
Holmdel, N.J.; Lucent Technologies Inc., Holmdel and 
Murray Hill, N.J.; and Bell Atlantic Network Technolo
gies, Newark, N.J. 
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