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Figure 3.6 (a) A formalised ‘standard neuron’; (b) a closer look at cell body
region; (c) a synapse.

;
Part (a) from Alberts et al. (1989); (b, c) from Stevens, The Neuron. Copy-
right © (1979) by Scientific American, Inc. All rights reserved.
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ROGER PENROSE

Where is the impossibility?

An impossible triangle. The ‘impossibility’cannot be localised; yet it can be defined in precise
mathematical terms as an abstraction from tHe ‘glueingrules’ underlying its construction. ° . a-
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. (a) Kornhuber’s experiment, later repeated and
refined by Libet and his colleagues. The decision to flex
the finger appears to be made at time 0, ye: the precursor
signal (averaged over many trials) suggest a

‘foreknowledge’ of the intention to flex, (b) Libet’s

experiment, (i) The stimulus to the skin ‘seems’ to be

perceived at about the actual time of the stimulus. (ii) A

cortical stimulus of less than halfg secondis not
perceived.-{ili)A cortical stifnultis’of over half a second is

perceived from half a second onwards. (iv) Such a cortical]

stimulus can ‘backwards mask’ an earlier skin stimulus,
indicating that awareness of the skin stimulus had

actually notyet taken place by the time of the cortical
stimulus. (v) If a skin stimulus is applied shortly after
such a cortical stimulus, then the skin awareness is
‘referred back’ but the cortical awareness is not.

Measured potential

|
: Time of stimulus te skin(i

; : Apparent time ef
E. skin sensation
perseseessooen Brain stimulation

Siteeeesteen Sensation of
brain stimulus
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The waking state ts characterized by at
pha and beta (8-50 hertz) brain waves. /l-
pha brain-wave activity contined to the cor-
tox benind the Sylvian sulcus (the back of
the head) is known as “resting-state al
pha." The dissociative state is character-
ized by elevated amplitude. synchronous
slow-wave delta ana theta (0-8 hertz). and
the suppression of the alpha and beta ac-
tivity established in the waking state. As
One MOVES lOWald & CISSOCIaiive-state ex-
perience. resting-state eiona acivily is sun-
pressed and replecea Sy syncnranous
slow-wave activity in ine meaian of the cen-
tral cortex (top of Ine nead).

Beyona dissociauon. there ts transcen-
dence. An expenence 'n a transcendent
state can be qdelinga as peing outside the
normal limits of one s ego and the person-
al unconscious mind, into a universal aware-
ness. Expenences in this state are many
times inetfable ana cannot be explained
Of descrined in mere woras. In terms o
EEG orain mapping. ine snitt trom a uis-
SOCIQUVE Viale Into Wanscendence Is ewi-
denced oy jurner cnandeés in ampniuce.

Dissociative state:
When consciousness shuts

tlown, the hody is
asieep or in a meditative
state—tike in a dream.

Resting-state alpna:
Syivian suicus sitows and

ceils Gu—:rem the
‘Way Ve DFGEESS reality to

UF teMpeFaNients.

An ‘ax

SBne~ +

faVe- and TanSCGnGent state Gx
ences. Some ‘Focus Lever’ Hemi-Syne
quencies Used Go not intertere with res
state alpna and allow tng ustener to

grate and relate to “tape experiance:
his or her everyday, familar life. C
Hemi-Sync frequencies moaily or supe:
resting-state aloha to crovide liste:
with hi-fidelity, rch Focus Level dissc
tive States and transcenaent experien

With the advent of mcaern comp:
Zed EEG brain mapping. cpiective EEC
idence of the effect of the Hemi-Syne ¢
ess has been establishea. The lower
ditory centers of the brain provide
neural pathways for the prcoagatuon ot
aural beats. it is there. n aacn he

sphere’s olivary nucleus. asep inside
brain, that beat-irequency oscillations
be measured directly. At the cortex.
site of EEG orain-maoping ete ctroc
these original binaural frequencies can
y De Observed as having seen inteqrz
Cain Drevailing Clectroncural ACUWILV.
the prain-wave entrainment’ wnich occ
during this .ntegrauon crccess that
SOunmts for ihe siectiveness of ihe He

7 d-B (6-3 bev tz \

G (0-8 bets)

EEG BRAINMAPPING
OF TT
The Hemi-Sync process !s a patented au-
ditory guidance technology based on the
natural functioning of the brain. Originaily
developed by Robert A. Monroe and con-
tinuously being improved through research
at the Monroe Institute, Hemi-Sync em-
ploys a blended ana sequenced senes ot
binaural sound pulsS€s to induce a Frequen-
cy-Following Response in the human
brain. Hemi-Syne aiters EEG brain-wave pat-
lerAS and generates expanded states of
consciousness, what researchers Call “dis-
sociative” and “transcencent” states.
When experiencing 4 dissociative state. an
individual perceives nonpnysical phenom-
ena as constituting his or her whole field
of awareness. like a dream.
Additionally, during a dissociative-

Stale experience, there ts no impression of

being ‘normally’ in the physical boay, pe-
cause the prysical boay itself ts Gither
asleepor tully entrancea. In electrounccpn-
alograpnic brain mapping, ine shiti trom
nomal WaKING CONSCIOUSNESS INO Gt CHS-

SOClalive slate is evidenced by a change
Ini

mMphtuae, |

tre
QUENCY,

and locale of pre-

Transcenuent state:
“Seeing” beyond the limits

of normai perception
into universal awareness—

ineffable, protound.

IE HEMFSYNC PROCES
brain waves. ne vanscerceEni state ts ;

acterized by restng-siais aipna” anc:
ativély nigh-amplituae. 2yncnronous ©

Wave activily in ihe mec:an of the ce:
Cortex accompanied by regional (comn
ly temporal) gamma (30-hertz-plus) b:
WAVE AClivily.

The characteristic EEG paramete
résting-sialé alpha reveal an indivia
temperament. the customary wa
which an inaividual processes and
acts with the world he cr she perce.
The suppression of this aipha ac:
frees one to perceive nononysical ene:
outside tne contines of enysical-law t.

systems. The ability to modify res:
Slate alpha directly alfects one’s ex:
ence ot his or her environment. Chan
or suppressing ones rcsting-state alpr
feetively transiorms the person's per
tual venue, of Concept ci realty.

Hemi-Synic Generates an audioenc
alographc interferomeuic eifect whicr.
D@ used 10 transiorm cr suppressin
rCSunNg slate alpha and sumuiate alle:
live brain-wave patterns necessary for

{or SOC

|

|
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_ Figure 11. A short section ofnerve axon at rest. The inset shows a protein

that is imbedded in the nerve membrane. |K*) ind:cates the concentration

|

ofpotassium ions, and [Na*] indicates the concentration ofsodium ions.
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Figure 5.7. Some routes from thought to action (see text).
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Figure 12. The
, Sormcture ofa typical
mouron, Incoming
unfformation is gathered
[frome synaptic contacts
om the dendritic trees.
Miter processing, this
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lby nerve impulses to
tie tips of the axotal
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Figure 5.4. Diagram of visual pathways showing how signals from the left
and ri,ht halves of the visual field go from each eye, via the lateral geniculate
nuclei of the thalamus (LGN), to the right and left visual cortex,
respectively.
From Popper & Eccles (1977).
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Figure 14. Geometry of a branching dendrite. Can incoming impulses on
either or both of the daughter branches ignite an impulse om the parent?
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Figure 3.7. Neurons in the cortex of a kitten, Axons ere smoother threadslabelled ‘a’; the others are dendrites. This drawing by Ramén y Cajal wasof a section which had been stained by the Golgi method before being exam-ined under the microscope. This technique has the effect of staining com-pletely a very small proportion of the cells, so this picture greatly understatesthe true density of neurons in the brain.



Bouton

Figure 18. Schematic diagram ofa synaptic contact between an axon and a

dendritic spine. The vesicles are floating inside the bouton.

ru



a a a
Figure 10. Direct measurements of the increase in membrane ionic perme-ability (band) and transmembrane voltage (line) on the giant axon of thesquid. The time increases from left to right and th> marks indicate intervalsof one millisecond. (Courtesy ofKenneth Cole.)
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Figure 5.2. (a) Semi-schematic drawing by Ram6n y Cajal of neurons in a

mammalian retina based on microscope observations using the Golgi staining

technique, which picks out and stains completely only a few cells (cf. figure

3.7). (b) A more formal diagram of this computer. The central network of
cells are joined both vertically and horizontally. These, as well as the mass

of fibres from the output or ganglion cells, all lie ix front of the light-sensitive

input cells, the rods and cones.

Part (2) from Ramon y Cajal (1909-11/1972); (b) from Masland. The func-

tional architecture of the retina. Copyright © (1986) by Scientific American,
Inc. All rights reserved.
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