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e
rather than molecular) conform 10 single Hme con-
qant kinetics:
Vidpidr + p = AV)

shere o 18 the probability a subunit is in the open conformation,
g 7Y and V) descnibe the voluige dependent relaxation
pme Constant and steady state probability of the subunit being
gpen, TV and AV musst be determined emperically from volt-
afe clamp caperimems. For the sodium channel, ihe subund
ppett probabalities are denoted by m and b (replacing p in the

ioi ). The assumption that the actlvation subumits are den-
tical and that afl subunits open and close independently implies,
gen, that the sodium conductance is propartional o m*h. For
the potassium chamnel (where inactivation is neglected), the
apen prabability is denoted by n (replacing p in the equation),
wnd the assumption of four identical and independent subunits
implies that the potassiom conductance 18 proportional to a*.
Madern treatments of channe] behavior still often view subunits
@ being governed by & single relaxation thime conscant, bt
pecent evidence indicates that the variows subunits are not jden-
ocal and incependent 50 that the descriptive egquations are
mare complex, The overall goal of all theories is still, however,
m demve the coupling between subgnits, and their nzlaxation
gmee constands (V) and steady state open probabilities f1V)
@ a function of voltage, As the structaee of channel proveins
becomes available, whe goal will be 1o relate the Hodgkin
s Huxley subunits to demified polypeptide chains, and
enplain the rate constants i the Hodgkin and Huxley treatment

Holography and Brain Function
Karl H. Pribram

There s considerable controversy as b0 whether holography
cam serve as a pood model for certain aspects of beain function.
The rocts of this controversy are ofifen to be found in missnder-
safdangs of what holography is and what the proponents of
i balographic hypothcsis are cladming. Furnthermone, a feature
modde] is often seen as a more viable altemative.

Holography was invented in 1949 by Dennds Gabor, a mathe-
matician. Primarily, holography is a set of mathematical propo-
wlons hased on modifications of the Fourler theorem. In shor,
the holographic hypothesis of brain function proposes a mathe-
matical model. Criticisms levied against the hypothesis that
eely on optical holography as an anology are misguided.

The Fourier theorem states that any pattern can be analyzed
o components, each of which s represented by a regular
Taveform of specified amplitude and frequency. In hobogra-
phy, the phase melations among waveforms are also critical
Since the waveforms become distributed over the entire surface
of 1he recording medium. With distribution all the information
frcodded in the hologram is enfolded mio each portion.

An initial gemeral criticism of the holographic hypathesks
af brain function concerns the Fourier transform, There is no
#¥idence either from experiments i psychophysics or neuro-
physinlogy that input 10 the senses is analyzed into Fourier
bamponents that become distributed over the entire susface
of the brain. Gabor was aware of this and developed what is
N known as the Gabor function, This function places gaus-
ban gpvelopes over the Fourier waveforms, thus constraining
their atherwise infinite extent. Hologmms made of patches

o malecular interactions that occur during conformatsonal
changes of the channel proteins. This process will probably
ke a mumber of years 1o compieie,

See also Membrane Chanpels, Membrane Poientials; Sguid
Chiant Axon
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of Gabor functsens have all the essential attributes of more
Elobally transformed Fourer halograms.,

The second general criticism of the halographic hypothesas
of brain functisn devolves on the use of waveform representa-
tons in the model. BMuch of this eriticism comes from mvesti-
gators in the fickd of astificial intellipence who use digital
computers 1o model brain and psychological processes. In the
brain, however, most compuatations are performed by interac-
tions among graded clectrotonic clectrochemical potentials,
ofica with the aid of local circuit newrons, mose of which do
not possess the axon hilkecks and axons in which digital nerve
impalses are genersied and propagated. Whether one wishes
o model these local praded interactions in wave mechanical
of v statistical terms such a8 vectors or laftices, matrioes of
Lie growups, is & matier of taste. The mathematics may fum
Ut 1o b equivakent with regard to the operations of the newral
subsirae_

The advantage of a Fourler-based wavelonm approach is
that it is essentially linenr and invertible. Thus holographic
image processing allows easy access 0 the original form of
the images being processed. The advantage of the holographic
stage of processing is computational power, especially comela-
tion, and readily retrievable storage. Thus the wave mechanical
miedel is worth purswing, What is the evidence Tor 7

The nednpscience comsnunity hns become more and o
aware of the imporiance of elecinponic processing of signals
in these input systems through the work of G, Bishop, K.
Pribram, W. Rall, W. Freeman, G. Shepherd, P, Raki?, and
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F. Schmin. Observations that carly stages of retinal processing
(as well as those in most other receptor systems) are devosd
of nerve impulses have provided convincing evidence of the
critical robe of graded potential interactions in sensory signal
processing. Additionally. these observations have provided
minimodels of some aspects of the functional organization of
mane central stations (especially of the comical sheets tha
so closely resemble the layered retinal mesaic), The ques-
tioms that anses is whether the tramsfer fumctions that are
being meticulowsly described for each stage of electrotonic
Inpul processing can fogsther account for the image process-
ing.

Two major views have emerged: That of D. Husbel and T,
Wiesel emphasizes the convergence of signals onio meuroms
that, at successive levels of processing, progressively extract
the featares encoded in the !&!ﬂ.lh. The ather, [:Prﬁ:-m.:.d in
the work of F, Campbell and D. Pollen, among others, empha-
sizes o more parallel process that by virmue of lateral inhibition
{a graded potential, electrotonic mechanism) functions lincarly
o epcode sipnals in the frequency domain, In the asditory
modde, the idea that the semsory sysiem may function as a
frequency analyzer goes back o the work of Ohm and Helm-
hedez over a century ago, In 1967 von Bekesy demonstrated
with an clegant series of experiments thal somatosensory (and
perhaps gussatory, as well) experience is processed according
1o mare or less identical miles. What ks new are the experinen-
tal resulis in owr labosatory that indicate that neurons m the
sofmatomotor cortex responad fo limited bandwidths of the fre-
quency of movement of a foreleg and that visual patterns are
similarly processed by a mechanism sensitive fo spatial fre-
quenty, the frequency of eccurrence of light and dark in the
inpat to the retina,

More recenily [, Pollen and 5. Ronner have demonsirated
the presence in the same cortical columa of cells responding
o opposile phasss of an input, te,, to the sine and cosine
components, H. Barlow, among others, has evidence thar i
is the Gabar transform thar mosr accurately deseribes the trans-
formation. B. DeVabois and his group have demonstrated the
anatomical distribution of frequency-tuned analyzers and have
thoroughly and critically reviewsd their own and others” psy-
chophysical and neurophysiobogical investigations on the topic
of frequency encoding in the visual system. They also have
reporied experiments thar make implausible 8 Evclidian, hierar-
chical approach 1o image processing based on the detection
of lines,

A more complex feature analyric process is not ruled owt,
however. Esch corical cell displays selectivitles to several
featares mcluding a emited band of spatial frequency, onentn-
tron, direction and velocity of mowvement, and color. Under
current investigation is the namure of the owiput code thar recog-
nizes these featunes,

The twi wiews of the sensory processing mechanism——that
of a hierarchical nonlincar festure extraction process and that
of a parallel processing linear frequency analyzer—are thus
nat mudoally exchesive. Feature extraction can lesd to informa-
tion and frequency analysis 10 image processing.

A final eritiqus of the holographic hypothesis of brain func-
tion has besn that it s countenintuitive. If, however, one imapg-
ines the sensory recepdor surface 1o be something like a prano
hybﬂ.h!l and the mpzlf-nippllhr m’;l::pm'uﬂirl_g cortical cell as-
semidy to function like a sounding board, a feel for the mecha-
mism can be obtained. Inpul parterns oo the receplors are trans-
duced inte neuwral frequency patterns thal are ransmived 1o
the cortical sounding board where each cell resomates 1o @

—

limited frequency bandwiditn. Paniems of the complexny o
sonales caf be processed in this manner.

Similarly, the counterinfuitive aspects of holography g
be grasped by analogy to the patterns of @dio and elevig g
programs simaltsnecusly present in the broadcast space. By
program is in fact broadcast, i.e., distributed, cast brogg),
over that space, and cach portion of space has enfolded i
all the programs that are being transmitted at that momen;
In order to0 make sense of any of the programs transmineg ip
a frequency code, we must fune in selected bandwidths 2y,
act as camiers for particular programs and retransform (ke
into auditory and visual images. In order to make sensp of
the neural holographic, process, the sense organs must ppe
in on selected bandwidths of environmental energy paisems
and refransform them iste images, perhaps by virue af ghe
meor processes of the brun.

The neural holographic model has become refined in applicy-
tions 0 undersianding memory as well a5 perception, Hepe
two forms of the model were inbdally pined against one gn.
athet: a matnx versus o convolutional approach, In the mapny
model remembering 8 wiggered when successive mputs are
relaied o one ancther by taking the outer products of veciors
representing features; while in the convolutional model coere|y.
tions are achicved by superposition and by taking the inncr
products of these vectors,

Mairiz models such as those of James Anderson have been
shiown o be superior in explaining capegorical mefmory; comve-
lutioaal medels in explaining senal position memory effecs.
Pribram has shown that receptive ficlds in the laeral geniculaic
nucleas and the visual conex can be aliered {probabiy by infu-
encing lateral inhibation) by elecrical stimulations of the pesie-
rlor and Frontal *associatwn’” comex (and the subjacent baal
ganglia). Posterior stimulation enhances inhibitory sarmoumds
thus producing a separation of excitatory cemters, Such separak
receplive ficlds are best represented by a matrix model. Froatal
stimulation disinhibits with the result that excitstory receprive
fields tend to merge into & mofe CoMInUOUS processing miuly
which is best represented by a convolutiomal msodel. Furiber.
the systems of the posterior cerchral convexity have been
shown mponant o categorizing, the frontolimbic sysems.
bt serial posiion {temporal tnggeng, parsing].

The holographic model hes thus received support from
neuropsychalogical evidence which is consonant with the c¥i-
dence obtained in experimental psychobogy and in neropiys
ology.

See also Memory, Distributed: Wision, Fregquency Asabys
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