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Bioholography—a New Model
of Information Processing

It is well known that the prineiples of wavefront recon-
struetion or holography®:* apply also to wave phenomena
other than light. I have shown?®-®* that holograms can be
produced with wultrasonic waves, and have recently
suggosted (refs. 6 and 7 and my unpublished resulls)
that some biological information processes can be inter-
preted on this basis.

It has been known for many years that bats, dolphins,
whales and porpoises use ultrasonic echo location (“‘sonar’’)
for hunting and orientation in the dark. 1t seems, how-
ever, that they have capabilitios far exceeding conventional
echo location. No satisfactory explanation has yet been
offered for the fact that they can distinguish between
targets of different shapes. They notice the qualities of
the target; is it food, or should it be avoided ? They know
whether bars in their way are horizontal or vertical.
They can diseriminate between their own signal and
those emitted at the same time by their companions,
though the frequeney of the pulses is the same. Morcover,
the processed signals may be as much as 2,000 times
fainter than the background noise.

This suggests strongly that the animals perceive not
only the amplitude but also the phase of the ultrasound
waves, which they can discriminate by using a coherent
background as reference; in other words, they are using
the principle of holography. Evidence for the coherent
background has been found by Aryapetians®, who did
not, however, realize that this was the key for these
capabilities of the animals.  When the bat emits
an ultrasonic pulse of a certain frequency, at the
same time the part of the brain which ordered the pulse
to be emitted sends information on this to a second part
of the brain where the ultrasound information is received
and processed, and I think that the information sent by
the first part of the brain to the second is the coherent
reference background.

Furthermore, histological examination® shows that this
receiving and associating part of the brain has a structure
which looks like an assembly of minute dipoles. This
suggests binary digital processing, which is known to
play an important part in processing biological informa-
tion, and makes it plausible that the bats are using a
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holographic principle in interpreting the data supplied
by the dipole-shaped receptors.

This explains the striking abilities of bats. They can
distinguish shapes, and orientation in three dimensions
beeause holography allows a geometrical interpretation
of a received soundwave structure, They are not disturbed
by the pulses emitted by their companions, because they
use only their own signal as reference. By Gabor’s holo-
graphic principle, if 4 is the reference amplitude and a
the signal amplitude, the resultant amplitude which the
dipoles are recording is

(A% +a*+ 24a cos @)t

where ¢ is the phase angle between the reference wave
and the signal wave. A? is uniform, the second term a®
1s negligibly small. "The information is carried by the
last term, and is amplified by the large factor 4. Indeed,
it was found that bats are increasing only their own
reference or background amplitude when the noise level
is high, without increasing the intensity of their emitted
pulses.

To back up our bicholographie concept, I have made a
model of the bat’s brain, operating in water at about 1 Me,
¢o that the wavelength shall be of the same order as that
of hunting bats. The resulting ultrasound holograms
were recorded on sono-sensitive photographic plates.
When scanning these with a microdensitometer we
obtained records which show a remarkable similarity
to EEG records. (I do not wish to suggest, of course,
that this is any proof of EEG curves arising by some
holographic process.) From these, images may be recon-
structed; for example, by using Goodmann’s!® digital
reeonstruction technique,

There is reason to believe that the biocholographic
concept is not restricted only to bats and other echo-
locating animals. Tt may well be that even in the human
memory the data are stored in some holographic form.
This might explain such psychological phenomena as the
“dominance principle”. Assume that somebody is angry,
and we want to calm him, saying “don’t be angry !” He
gets even more angry, becanse the idea “be angry’ is
stored in holographic form, like a filter, which suppresses
the “don’t”.
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Changes in Structure of
Human Bone with Age

TeE pliability of human bone decreases with increasing
age, and the incidence of bone fracture increases after about
35 years of age. These changes indicate that some struc-
tural changes oceur in bone over a lifetime. Much work
has been done on the correlation between the histologieal
components of bone and its physical properties, and their
variation with age, but contradictory conclusions have been
drawn®?. No attempt seems to have been made to corre-
late the physical properties of bone with the physical and
chemical nature of bone mineral, although it has been
claimed that fracture occurs chiefly at “‘cement lines’’s.
Because the chemical nature of bonc mineral, that is
apatite, does not undergo any appreciable change during
a lifetime. it can be inferred that the changes probably
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