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Figure 3.6 (2) A formalised ‘standard neuron’; (b) a closer look at cell body

region; (c) a synapse. :
Part (a) from Alberts ef al. (1989); (b, ¢) from Stevens, Thz Neuron. Copy-
right © (1979) by Scientific American, Inc. All rights reserved.
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ROGER PENROSE

An impossible triangle. The ‘imgossibiligz’
cannot be localised; yet it can be defined in precise

mathematical terms as an abstraction from tHe ‘glueing
rules’ underlying its construction, ° N

e
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Measured potential

1

-1% sec  -1sec -% sec 0 3sec
(a)
6 | ; | :Time of stimulus te skin
E ;- : Apparent time of
. E skin sensation
- enesenanannesannenl Peveraccecennd Brain stimulation
i : o Sensation of
3 No sensation brain stimulus
N ad
i) | *
[onseirmsanmmet= o3
{iv) I e
NoO sensation!ssssseeseess until ‘ff
v |" E B
| : RARARAARRRRRNRY
I ) | 1 11r:na
0 s 3s s
(b)

. (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, yet 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 half i second is not
pefceived.-(iii) A cortical stithuliis'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 not yet 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.
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EEG BRAIN MAPPING

OF L I JEE 1

The Hemi-Sync process is a patented au-
ditory guidance technology based on the
natural functioning of the brain. Originally
developed by Robert A. Monroe and con-
tinuously being improved through research
at the Monroe Institute, Hemi-Sync em-
ploys a blended ana seguenced series of
binaural seund pulses 1o induce & Freguen-
cy-Following Respoense in the human
brain. Hemi-Syne alters EEG brain-wave pat-
terns and generates expanded states of
consciousness, what researchers call “dis-
sociative” and “transcendent” states.
When experiencing a dissociative state, an
individual perceives nonphysical phenom-
ena as constituting his or her whole field
of awareness, like a dream.

Additionally, during a dissociative-
state experience, there is no impression of
being “normally” in the physical body, be-
cause the physical body itself is either
asleep or fully entranced. |n electroencepn-
alographic brain mapping, the shiit from
normal ‘.'JHKII”IQ CORSCIOUSAESS 1INl a is-
soclative state 1s evidenced by a change
N amphtude, trequeney, and locale of pre-
dominant brain waves.

Fhe waking state s charactenzed by -
pha and beta (8-30 herz) brain waves. Al-
pha brain-wave activity coniined to the cor-
tex benind the Sylvian sulcus (the back ot
the head) is known as "resting-state al-
pha.” The dissociative state 1s character-
1zed by elevated amplitude. synchronous
slow-wave delta and theta (0-8 hertz), and
the suppression of the alpha and beta ac-
tivity established in the waking state. As
one Moves toward & dissociative-state ex-
perience. resting-state alpha activity Is sup-
pressed and replaced by SynchroAous
slow-wave activity In ihe median of the cen-
tral cortex (top of the head).

Beyond dissociation. there is transcen-
dence. An experience In a transcendent
state can be definea as being 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
limes ineifable and cannot be explained

r described in mere words. In terms ot
EEG brain mapping, :he shiit from a ais-
seclative state Into (raRSCERAEREE IS EVi-
denced by iurther changes in amplituae.
f(GQlJL}.".()‘.'. ana i0caie 0l predominant

Transcendent state:
“Seeing’’ bheyond the limits
of normai perception
into universai awareness—
ineffable, profound.

Dissociative state:

‘When consciousness shuts

down, the body is
asleep or in a meditative
state—like in a dream.

Resting-state alpna;
Syivian suicus siiows and
teils all—irom the
'vay 'we preeess ieality io
IWF temperameuts.

Ain MAax

Tl E

EMI—SYNC PROCES

brain waves. The transcendent state is ¢
acterized by ‘resting-siaie alpha” ana
atively high-amplitude, synchronous s
wave activity in the meaian of the ce!
coriex accompanied by regional (comn
ly temperal) gamma (30-hertz-plus) b
wave activity.

The characteristic EEG paramete
resting-state alpha reveal an indivig
lemperament, the customary wa
which an inaividual processes and
acts with the world he or she perce:
The suppression of this alpha ac!
frees one to perceive nonpnysical ene!
outside the confines of physical-law £
systems. The ability to modify resi
state alpha directly affects one's exi
ence of his or her environment. Chan
or suppressing ones' resting-state alpr
fectively transiorms the person's per
tual venue, or concept o reality.

Hemi-Syne generates an audioenc
alographic interferometric effect which
be used le transiorm or suppress ir

8liIng-state alpha and sumuiate alle
lIV(} brain-wave patterns necessary for
soclative- and transecenaent-state exi
ences. Some “Foeus Level” Hemi-Sync
aquencies used de net interiere with res:
state alpha and allow the listener to
grate and relate to “tape experience:
his or her everyday, familiar life. O
Hemi-Sync frequencies modify or supp:
resting-state alpha to provide lister
with hi-fidelity, rich Focus Level dissc
tive states and transcenaent experien

With the advent of meaern comp!
ized EEG brain mapping. cbjective EEC
idence of the effect of the Hemi-Sync p
ess has been establishea. The lower
ditory centers of the brain provide
neural pathways for the propaaation of
aural beats. It is there. 'n eaeh he
sphere’s olivary nucleus, asep inside
brain, that beat-irequency oscillations
be measured directly. At the cortex,
site of EEG brain-mapping electroc
these original binaural frequencies can
y be obseryed as having been integre
wvith prevalling eleetroneural activity.
the brain-wave entrainment which occ
during this integration process that

Q

counts for the eiiectiveness oi the HE
Sync sound pauerns.—r Holmes Atwi

MNI c(‘- ,3 (6'30 l-mv*'i)

6 (6-8

L c(f’l-)
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Figure 11. A short section of nerve axon at rest. The inset shows a protein

that is imbedded in the nerve membrane. [K*) indicates the concentration
of potassium ions, and [Na*) indicates the concentration of sodium ions.
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Figure 12. The

, structure of a typical
mewmron. Incoming
iimfformation is gathered
[from synaptic contacts
om the dendpritic trees.
Affter processing, this
imfformation is carried
lby nerve impulses to
ihe tips of the axonal
imees.

stk st A
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e L-hemisphere-R -

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).



Figure 14. Geometry of a branching dendrite. Can imcoming impulses on
either or both of the daughter branches ignite as impulse on the parent?

.



a Litten. Axens gre smoother threads
This drawing by Ramén y Cajal was

Figure 3.7. Neurons in the cortex of

labelled ‘a’; the others are dendrites,
of a section which had been stained b

g exam-

y the Golgi method before bein

pe. This techni

pletely a very small proportion of the

que has the effect of staining com-

cells, so this picture greatly understates

ined under the microsco

the true density of neurons in the brain,’




Bouton

Vesicles
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Figure 18. Schematic diagram of a synaptic contact between an axon and a
dendritic spine. The vesicles are floating inside the bouton.



A 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 the
squid. The time increases from left to right and th : marks indi-ate intervals
of one millisecond. ( Courtesy of Kenneth Cole.)
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Figure 5.2. (a) Semi-schematic drawing by Ramén y Cajal of neurons in 2
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 2s the mass
| of fibres from the output or ganglion cells, all lie iz front of the light-sensitive
} input cells, the rods and cones.
: Part (2) from Ramén y Cajal (1909-11/1972); (b) from Masland. The func-
tional architecture of the retina. Copyright © (1986) by Scientific American,
ﬁ Inc. All rights reserved. |




———

ALl Scbjects (n=2¢)

Terget hits [Misses Ertie
No FECG. 422 5 [
e 586 Theer [ s Ll
leti EEC€ | bins B | e




THE SouTHam PTeN UNiVERSiTY Ex PE RiMENT.,
' '."o(u-Ps‘ of & Qbm“'(‘-m Fead Mé’j a{{«#

Yéain anckoh.

C. m-4H. Nb-hn, g8y A s C(t.'rke, B.H. Blot+

Fotw net of ComSCiocs hess Stedics. 1) No-1, (“7“ 137)

(l94k)
. TAC EX#CY:*\'\c'J‘.

The Sl-bied-g ( Nens frow e (.h.'v'.vsdy l-wsfn'!-d)
here Gsked o press o TN g
Yt'gu hend ( 0Ny Rght Aonded Scbfets
e ncCOJ miced | Tevget At
agéh P /ge.n'cs of —Favg.qf hinte bevs 0 fo ‘y)

,f(askra 401 et (hlevrbels of Ohe Sclond.
Dev - s ‘bg_,.;od. EEG Nelovdings reve
M@dg;néhd‘mﬁ - ’ht:% #g A‘-‘"* h;
e%P(h‘V\th}m ICnW p‘th M:(L. [1:‘ Jo“. A" ;“
bY&-:h e ﬂe(wd:g < 6(.'.. & ‘ a;.J'
PGYF(CX&V #M(' ﬂ‘-s S ,(MLIU' a

"’Le. P - O‘F GemalySis. Tle e-;#._\‘mu." (et

Lo horns on €éck Scbpje e

ft

v peSu#
The MNewber of Nisses Neas !_ejf hhen Hc

EEG ke mcwd.:.j Mo Llef Side of H.e
bv&\"" et C#n-Pgs.c& éO\ e hg‘* Scd<.
Jv Hhe hetogmikon 1‘65/&, L is he (cf\— ReveniShher=

fhep is favalucd.

- I’h"(\”}l«"‘dl’dh :
Coh(fth'kdhd {decs Own C(‘-&,Qc(if] éhno"

exNein Mo YeSard,
Dot(s dhe Cr 0f Nelont Coliepse He lra= ,_ﬁmvl-‘c»-?

T o owdeele  for ng putes




A\'h'frc:a Inh(ccjc.h(c = (Roboh‘cs)

. JA‘ developrents in Sﬁkt:k(&l«( Machines Gmat Ghﬁthvi

(W /mve.uu. /)re&ss.'.-:j Gl honetifes heve (e €o

He Mew distpline of AL
The OhbrorsSfks (n f‘\"S ﬁu‘ ‘M Secat !

b
We GArecd Ao.Vc l\ﬂackcms fhet Cawm (récmuj
e 1 THe Aome femse as qow Gndt P o ."

‘H“‘b«-f Sc‘mon, (Cc\—ﬂ?k m‘a”‘)

. 11\‘ Mex 4 jtn«ﬁﬂo» Gmk«b«.r: leca be Se

Ihicaije.nl' Fhat heo hw be (M.l:.] cf ‘Nw]

LS Croemd Fhe hosa 65 howse pens’”
Maevn mth ( mzeT)

fee

Iy

Sinte e how Juvows  Fhat henber prousses
Scer cg Com$cions hess Avre ﬁt-n..(] »fwm Pw&:&::
‘haw. IS Gw e.w(.u—:ohc.j a.dmhd-cjc ko l\o-vs‘vj
flese fortnor /)ﬂ(d:..; ( Comsciowsmess Gud So ow)
go:y 0rn Iwn SeleCom C&.:}L; Owd m«:) beCacse
Her Jend of Secpt S bepter Qble bo Sevvive
'H.c. (ailrersSe —H..q- rs Cooliwm of{ OV GaniShag
(Cle s Mede &b of fms:rj ﬁto(grcu hachinery
Se the Mext Stege of Cvolurion ki be
Mede ous of Lrires oed Sclocen

FYCL Méaw ?7.(0*\ (C‘OVHC-(-(/)



TL\OS(. Nho ave hot ConvinGed G bok AT /faj
Hhe {v((.wz?'-

O j‘mrc rs hoe evidewle +‘s6* Mackines do hon be havtoareld
Aekiwhes (Clee I'M?c ne bton Conte phect Fhin k.'.g,
¢CFV\’#’¢» c:'“ (.w' A“* é,"J ) QX#QRQ\-C‘? P(“J(-Vc‘ Pdu'h ch

0] Ne (ov.-l,q-w Aas Ac.s- ConSbvaied Aé Onghu Meotecates
AS hevdwan.

O Yo Cenmot ?a Serman b 5 (M“_“_ ) oet of ?hf“)ﬂ,

© Ne do hot lumew how 1he Druin frovics Howr (M,,
e Conshrast & laathine Fhak Com ASivadche CF 7

'rl\crt IS e CmndinG ‘*‘\6" b"""‘ ﬁ”u"" ere
J.(-SI- Sorae Aoet 0f 6*#64‘4‘;‘00\; T+ hes i =

Corm bk v Moer s a...a,.-..} M CnScde Commedions alt
e e F <k hes 4\ /‘lmdsk e b(c.c‘:c.'(g s fi. 6\'&{0\_

© ﬂ\e Terew Test
j/\t. T;“' (s LAV-H'&V or hd" (A gx‘agrf'
hiw be abpls be dt‘.‘l-'nj;-&tk M‘ﬁan ’ﬂ~¢
'M“Mm‘s ﬁsvlwhm-&. fvn. 0‘-.“- 0’-} & ‘“ﬂdn
en o I\t‘d o - ' O
I~ bott. o don  fo ',-M_,, f] Ao } Q
/fu a,f Clhotredh ?/ncsl-'ohf OHJ :

SeTL o Secveen For Extrobovwtived I,\“fdl-'a*‘(‘
- A/o e danC 74'

—



Crick's Dilemma

Lle((, at 4he end of 262 l”}f“ of
4t e book ASfoh:SL.‘y = /JoJ‘AQSis " 'n NhK
Crick hac e boySted In & ‘V‘&Sferfy

LM:7 hoke his Iero»HseSc‘s [s /36’7}»ov+ed
bJ hervro. SccenCes Ae hernevk s

?P‘erﬁ's M.‘J be

" He asofom'sm:.j
ynotely Sewme

)
prsved corvect . Al
Views ose to Meligiows Ohe

beCorne Move /J(M-S.‘ : There 7S alu?f
¢ Ahivd possibilit that the foacts
Sb-PPorf 6 New Ly of (ookh:j at 1the
Mind - Drain /:rob(em thet T Sc‘jhi—fc'(éhuj
diffenent from Fhe hether Crece
hotenicliskic Ve thet hnan

MmeLhoSc: entists hotd ¢&o-d Gnd
Alse {nm 4he Neligiows Pl‘h* of
Viea . Ohﬁr 4ime nh Mo More

SCientific evie kAt emeble &S éo

del:de .

[ He did. Mot Attack important te (i) dronbvn
ordy On Moletser (wd.sj

henapmene (Y Relled



