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The activity of the Applied Biophysics 
Laboratory of the Technical Univer
sity Budapest can be described best by 
an interrogative sentence: How can 
coherent radiation be utilized to solve 
problems related to biomedical assign
ments? However, the nature of the 
coherent radiation to be used is not at 
all defined; it can be electromagnetic 
(e.g., a laser) as well as mechanical 
(when ultrasonic radiation is used). As 
a consequence, the laboratory works 
at the boundaries of optics, acoustics, 
and biology. Its research is related 
both to metrology and to the biolog
ical effects of nonionizing radiation 
and further to how the concept of 
coherence can serve to design a model 
of biological information processing, 
e.g., image perception in animal sonar 
systems or in visual pattern recogni
tion. 

The basic idea behind most of the 
research endeavors in the laboratory is 
to use for problem solving the similari
ties and/or dissimilarities of optical 
and acoustical radiation. For example, 
let us consider the case of applying 
pattern-recognition techniques to 
some problems in biomedicine. It is 
well known that in many cases of scat

tering-pattern analysis the Fourier-
transfer description or frequency-plane 
description is easier to interpret and 
manipulate to extract pattern-
recognition features than the corre
sponding spatial description, since 
well-defined relations may be found 
between certain specific features and 
corresponding diffraction patterns. 
Further, if the information-carrying 
wave is coherent, a simple focusing 
lens can be used to perform, in real 
time, the needed rather sophisticated 
mathematical operations, which yield 
a pattern spectrum centered on the 
polar axis, which remain centered even 
if the scattering media rotate. This 
idea has been realized in the recording 
optical-spectrum analyzer (ROSA) 
developed by Recognition Systems, 
Inc.1 Since, however, the radiation 
used in ultrasonic diagnostics is also 
coherent, the laboratory is now en
gaged in developing the counterpart of 
ROSA, the RUSA, i.e., a recording 
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ultrasonic spectrum analyzer for tissue 
differentiation. 

As shown in Fig. 1, the basic layout 
of RUSA does not differ in principle 
from its optical sister. An ultrasonic 
detector array consisting of ring ele
ments to sample a band of spatial fre
quencies, independent of direction and 
of wedge elements, which allow sam
pling of all spatial frequencies with a 
band of directions, is placed in the 
focal plane of an acoustic lens. One of 
the advantages of RUSA over ROSA is 
that it can be operated not only in the 
transmission but also in the reflection 
mode. In the latter case, as shown in 
the left side of Fig. 1, a curved ultra
sonic transducer is placed behind the 
detector array at such a distance that 
its focal point coincides with the 
plane of the transducer array, which, 
in this case, has a hole in its center and 
acts as a spatial filter. Since this spatial 
filter is in the focal plane of the acous
tic lens, the interrogating beam of the 
curved transducer becomes parallel 
before insonifying of the specimen 
under investigation. 

Research in optical holography is di
rected mainly toward a better under
standing of how holographic metrol
ogy could be used to improve medical 

Fig. 1. The basic layout of a 
recording ultrasonic spectrum ana
lyzer RUSA. 



diagnostics in a clinical environment. 
One of the major problems is the need 
for an easy-to-handle holocamera. 
Figure 2 shows such a holocamera 
under development in the laboratory. 
It is based on a forgotten idea of 
Vadewarker and Snow. 2 The ray tra
jectories are such that recording is in 
line but the resulting hologram can be 
reconstructed as if it were off axis. 

In spite of the fact that the first 
ultrasonic holograms of a living human 
eye were recorded just 15 years ago in 
the predecessor of this laboratory,3 no 
research is performed in acoustical 
holography as an imaging procedure, 
since we are convinced that the exist
ing ultrasonic imaging techniques 
already produce—with less cost-
better sonic images than ultrasonic 
holography ever could—at frequencies 

Fig. 2. Easy-to-handle holo
camera based on the forgotten 
idea of Vadewarker and Snow. 

Fig. 3. Experimental setup for 
investigation of how electrophys
iological parameters may change 
after laser brain surgery. 

Fig. 4. A partial view of the 
holography museum. 

that can be used in medical diagnos
tics. However, acoustical holography 
as a counterpart of holographic 
Fourier spectroscopy is investigated, as 
well as holographic filtering techniques 
to improve the quality of ultrasonic 
images produced by other than ultra
sonic holographic methods. 

At first glance it is perhaps strange 
that research is conducted in the lab
oratory to compare the biological 
effects of noninvasive laser and ultra
sonic radiation. However, experi
mental evidence exists that similar 
wound-healing effects can be achieved 
by laser and by ultrasonic radiation, 
and in both cases the secondary ther
mal effects can be exc luded 4 - 6 as 
reasons for the success. 

The laboratory has all the facilities 
to record electrophysiological param-

Spring 1979/OPTICS NEWS 27 

eters, such as ECG, EEG, EOG, and 
myographs. Figure 3 shows an experi
mental setup for investigation of how 
electrophysiological parameters may 
change after laser brain surgery. 

A permanent display of holograms is 
set up on the corridor of the labora
tory. The aim of this museum is not 
only to explain and show the develop
ment of a particular holographic 
method, e.g., holographic multiplexing 
(Fig. 4), but also to save the "firsts" of 
a holographic technique. Therefore, 
we are proud to be able to display 
such holograms as, for example, one of 
the first double-exposure holograms of 
a living person recorded at T R W , or 
the first fundus holograms of Ohzu, 
Calkins, and Wiggins, respectively. I 
would like to take this opportunity to 
ask those who have some holograms 
that are "firsts" in one or another way 
in their categories to donate them to 
our laboratory. 

This report would not be complete 
without mentioning the endeavors to 
verify the idea of bioholography, i.e., 
to prove that information processing 
in living systems can be described in 
generalized holographic terms as de
fined by Caulfield. At present, for ex
ample, the rather unusual optical 
system of the scallop Pecten maximus 
is being investigated. Its peculiarity is 
that the image is formed after the rays 
have passed through the retina and 
have been reflected back to the retina 
from the spherical argentea. Is it pos
sible that a Denisyuk-type image-
formation mechanism is involved? 
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