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From Rroln To Brain
Spinal Ganglion : Gray Matter of Cord
Spinal HNerve White Mattar of Cord

Postartor Root . '*

Sanm B"""/ (Somory) i
ensory ]
Heuron Spinal Ganglion ;

%
To Muscle
Mnolor
Heurgn

Right Sids of Cord —.

Spino! Merve

_"j j Anterior Roat {Motor)

Impulses iravel up the spical cord fram sense organ to brain
for processing and then back to g muscle for action.

n contral control mechanism with tremendous wenory
staragy capacity. On the hazis of these inpnt sip-
nalz, eompttations are made in the bramn and autput
sienals are sent to rficetors —nuseles and plands
tn ecarrv et the behnvinr necded for survival, com.
municntion, or erentive efinrt. Brain signaly are
electricnl nerve impulses that arc orgamized into
patterns in smnewhat the saine way that the Intters
ol the alpliubet are arganized intn worda and sen-
tenges (see Nerves).

The Hervous System

inlogieal infurmatinn ig proressed in the central
nervnng gyvstem (CNS), whicrh ennsists of the brain
aned the spinal eard. “Uhe nerve netwark in the CNS
ralties nerve signuls to and from the bian and be.
twieen its seclinps, The spinal racd 35 nn elangated
tubie made of werve tissue lving m the bony spiral
calamn, “Uhe vord extends into the bewd Ahirough a
Evge Tiolee nl the base of the skull, Tnstde the head

This artlcle was cantributed by Karl H. Pribram, Frofevior
af Pupchinley and Piychalagy, Stonfard Universily,

the tube forms the brain stem, which in turg
capped at its uppermost end by the cerchrum-—
mushrooinlike hemisytheres that make up the I
mass of human brain tissue,
The nerves that carry input signials to the C\a &?
processing are afferent nerves and those Carrying
put signals from the CNS are efferent nerves, -
nerves connected directly to sense organs and ; ,é,%
ceptors are sensory nerves, and those connected 1%
muscles and glands are motor nerves. A specia] s
egory of motor nerves belongs to the autonomic’ _',_ :

dependent o[ the CNS. Autonomlc nervey reguh'
the muscles and glards that carry on vital proces
such as brenthing, blood circulation, and digest
The autonomic nervous systemn, arranged on the g
side of the spinal cord, is so named because- thsds
body's vital functions are greatly self-regulated ggg®
require only occasional adjustment by the :

Homeostatic Regulation

Scientists once helieved that all afferent, or inpolls
nerves were sensory ened that all efferent, or cutpuldy
nerves were motor. This belief led to an ovedg¥
simple view of how the nervous system works. Ineg
formation from the outside world was thought to. hr
processed through s reflex arc: input datad> cepads
tral control mechanism-> output action. Recently;s’
however, sciendists discovered a new group of eﬂ'ur-*
ent nerves thiat carry information from the CXSk”
the sense organs and receptors, instead of the nthﬂ"
way aronnd. This means that when a person sena?
ramething from the outside, his brain has nn mﬂueml
on that sensntion. For exwnple, if you are willing w_*.
be tickled, you ean be made to lotgh amil writhe, bat¥,
if you are not willing to be tickled, you experienced
only touch, pressure, or even pain. For you to es-d
prrience tickling, you have to he convineed thn:uugflxr
worils and gestures to plav along. Similarly, the®
toweh of someone you love ferla diffgrent {rom 'mr-?"
one else's. Furthermnre, many seientista befieve thakd!
pain i3 a type of selective control meclianism theb®
alters the ”sn!tmg" on the nerve eclls in the spuuLﬁ
cord that receive sensory input from the skin, mu@

& $

clea, and internal hady omgana, I other wonly:
persan’s attitude conld bave an cffect nver the amoun
of prin experienced.

Ihseavery of effercnt nerves to sense organd snd*“
receptors foreed o revision of the reflex-nre Itle&f
The nervous system s now thought te work in i-h&_“'-
same way Huat o oall thermostab controls n fareacese
Fhie thermostat has a namber of temperatore seltings t\
on its dial. Bloving the dinl changes the distaore be-“
tween two picees of heat-sensitive inetal in the ther-
mastat. When warmed, they expand and inake Eﬂ“" :
tuct with ench niher, Ih( eontaeh closrs nn L‘|Ht”"3!j'-
ciieuit thut stops tlee furpaer. When the Lempery=
twe drops, the metal ronbacts, the eoptact 34
oken, wned the furnaer starts, The enlire syslemar
relics om o receplor mede of condrol; Hint g, the [ur*“i'.:
pace is nob contiodled by noneinl switch but by B
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some Principal Parts
of the Braln -

$pinal Cord

E tedullo Oblongata

E] Pituttary Gland

Corpus Callasum
E] Cerebrum

1. 5pinal Cord- caoaducts nerve Inpulses to and
foon brain

Cerebellum

7 Medulla Oblongate - contalos regulotors That con-
Irel such basle functions os breathing and blood
Il()\"f

3 Corebelum  Iovalvad n caordinating muscle ar-
Hons

4 Pitultory Ghnd  “master” gland that controls ac
tivittars of many othar endocrina ylands

BRAIN

5. Hypothatemus-- ragutates many hady octicns, in-

chiding sax funcliona, bunger and thirst, and hady
temperatuce; Influences ptioltary glond

6. Tholamus —"swiichlnord” of hrain that raloys sen-
sory narvo lmpulses to cerebrat cortex

7. Corpus Callosum —llnks bath hemispheras of
rarehrum

f Cerchrom—thinking” portton ot hralin whese com
plex assorlations acour

[ 1 Imble Systam

Iliwbic System - madiates hasle body funchlons, such
os breathing, digeshon, hoartheat, hiologicol rhythms,
and sox funcHons; also Procassms ROy i ludars
the hypothalamus and portions of tho basal gonglia
and of the thalamuos

L _] Reticular Activating System

fetlcular Acllvating Syshem - triggers "awareness,” or
acute capsclovsness: Ingludes cora of braln stem carved
portions of the thalamus and hypothalomos

Basic Systerns of the Broin
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thermostatle yoeptar thal pesponeds do clughges i
roum teaperatire,

I Wi stetree fashiote, the Teadn enntrols the way o
porson prspomls to envirenmentat changes hy sending
mfornmtion that changes the “seltinge” on bis s
eeptors. Homvostabie repuladion, as this g cutlegd,
alews for coonontie ey storee Iy the Turnace
nrthyry, o person need not consutt oo beng and in-
volved cheeklist showing when fo furn the furnnce
o and off te mnintudn copatant eom fompenitare
whew the weather 8 changivg, He oy has to st a
temperature from the ghort list of seb-point tum-
bers engraved on the thermostat bl T oo simidar
fuehinn, “Halx™ of infpromiive fopbwres of the en-
vironment can e stored in the brain and ealted for
when peeded.

Brain Homeostats Repulate Vital Functions

Nerves are the information-processing hoiteostnts
of the braip nnd it stem, Farkt petion, or perve
eel, i the nervoms systerm enmvists of & eell body
anid wirehke “tentaeles” thab swoetines renchy three
fret in lengthe Alnsses of nerve cofls have nogravish
color. They bermm the gray seatter o the bru,
Dratte stemy, amd spiond copd Gray neabber socanyeibs.
tinng are ealled nuelei sr eenters boeeause they oo
faie many perve canmctions, Whon they me spread
snd o e shocts hnuever, they are endled eortex
By contrust, masses ol nerve trunks look white fe-
eatlge they contain mveling u fatly insulating mnterial.
Nerve tiunk aceunaudazions are eallod trncts or path-

S Dot iarmmit.e omeipac s oraa

“"Work” Areos in the Cerebrol Cortex | < ¢

Motor Cartex —sends 0u|goiﬁg Impulsas to
musclas of tha honds, arms, trunk, legy,
and other mator oreas of the body

Thought -
and
Fersonality -

Speech

Strell

Hearing
o ‘Undar

v

208

wiys, Ia the spinal eond mnd Baia sboan, gray my
Trea G e wntr* , surrottedemd by white mailer, - il
tlie corelwal cortex, however, gray tontter licg o
the oulsicle. Rrvid
Muny of the porvous sysbem's most vl regulater ?.
functiohs are carried out by homeastatic U‘Iltgmh
the brain stem. The homeastat that regulates b
ing, for example, o tn the puodula oldongatly,
hindbenin just abuve the aren where the spinat m:&‘
extends inte the skall. ‘.‘
The honcostats that regulate slesp and \nk
ness are tocated in the meseneephaton, or ity
which is slightly in front of the edulla bat |s
part of the beain stern. These homeostats also m;
trel such mourds as clation and deprossion, Mas®?
are tiftrenced by body chetients auting on rmepm?
in the midheain, M'my al these chemicals are secreted i

by nerve crlings to improve cornmtcation bchn;] w1

werver o their svaoaplic poists of contacl, whig™
appese well-developed i the midbrain, Drugs the®)
influence the mood-regulating hameostats are wiely
wsedd in psyeliatey to case wunwe and depressingg, 2
Still further forward in the brain stem les anothey
series of homeastats pucked closely together in Lh;n
hypretlidinge, wliiel s paed of thie diencoptialon, e
betwert-hieain, Hoteostatic neurens in the hypothak-
amus regulide sex functions, lunger and thirst, bady e
temporature, and  generel body  activity,  Thep
reprtitie seme of Ehrese activitics theough aeure
seerviions, rr norve-eeth chiemiends, which make them
gluids a5 well a5 nerves. The necutasecretions @

.Sansory Cortex —recelves lnccmrng tmpuﬁe
from the hands, lips, face, toas, ond"“

sisnding-..‘

z
|
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BRAIN

Evolutlonary Advances in the Size of the Cerebrum

Otfeciory Bulb Otiaciory Buth

Cerebrum

Shark - Alllgaler

nizing by the shark's large olfactory bulbs, smel is very
anriant te i35 gurvival, The cerebrum, associzted with ad-

e iflnenee the pitaitaey gland, tie body™s Ynins-
" ctrdoerine giand thal bes immediabeh under the
apntholanies (see Flormnnes),

T buain s thabonues Ties pust above the ivpothats -
a1t reevives amd proves e infonmaetion fron
epbors e senze orpans theongh petlineays in the
et bdne stem wand o the spinal oond. By con-
wit Tvpethadiwmns, midbeaing, ow! hindbraim necl
aisen- pracess intormakion andy frome inestde the hordy

Sensory and Motor Functinns of the Brain

The ek portion of the thalouns o the Lt
Blion v hed by dnformntion fromn Bie Tady sir-
we before it 1 relayed to the corebind cortes for
mecasitdn. Tilormantion ahonk tonel, pressiee, pain,
wd v be red Joind senses merpes i the thalanos,
Mucction Lot Yeada to seeing, aml hesnring 15 alae
mersedd by tlabiomde noeli, AMerent-efterent con-
welions beetween the thal ooz o) the cerebinl ruries
A baoewny streel That elosely consdinates their
[0S

The st forward park of the Lrnin stem conlains
vertnrp o stroctures called the basal ganpgho They
bt mnzele-contrl hanweostats by adjusting the
pnints el hose hameostats, Diseases of thi hasal
aneha produce mnsele tremors and seoere and un
wnleedlably repelitive movements T aeddition, evie
b snrgests that all homenstatie mechaniso o
Ll | By e b pangdi

The cerebellum s another shoeture intimadely
Wolvid e movement contrml. T s e ontpaow
f"”n- Teabinetngs meclinnisi that by receptors o the
B e (s baa), Althouph it wies onpinadly in
lved ooty with ioner-ear balanee, the cerchellium
bl evalved o laepe cortes i mnn nnel other

Oltactory Bulb

Cerebrum

Cerebrum

vanced bohavior, is larger in the aitizator; and {n the horse and
other mimmals it oulshadows the rest of the brain.

primates to hwelp compute teajectories regquieed for
jumping frony tree to tree o the many other comphes
mnvements primates can perforne. Campntations Uy
the cerebeltune are sent theoneh the thalaowe to
movenent howenstats o the corebral eartex, o
formation fom the busat o alzo adjosts the et
potnts of the movement homeasbets, Thos, onee an
aetivily hus begon, inforation Trom the cereludivm
conbinonsly e -banes, o redefines, the seb paints
il the activity s eompleted!
The Cerchral Cortex

The uppermost part of the heean composed of e
cerehinal hemizpleres 1 alse Whe oot dominant,
Pt The cortes of the covchial hewaspheres s Tooloed
npowith the otlier parts ol the braine Ihreecives inlor
nuition velayed throngle the thalmous, 1o b, 1he
cartes controls its inpal by fransemitbiog signls
thrauel elicvent libers to e thadanmes nnd pointy
below,  Tarthermwae, it i elosely linked with the
cerebellunn and the basal ganplie As womantter of [aet,
the cerehral lemisplicres develop o the conhryo Teom
nerye cells that migrate from the basal ganghoe

Aavintrteing radidle about the cevebrat cortex iy
how 1t retaans most of dts poweors of percepbion aod
mietnory safter it s extensively damagresl Bsin tumors
anel strokes hardl alter these powers as long as o
critical moss of batn bisste 19 ot destroved. This
i abio brne of epleptie seaoms which wakes nerve
cells i the Jusin fne convalsively stemd of v g
tirhitly orpsnized way. A person who soflers nostrole

the leabape or Wockage of o Dlood vessel ine the
brain might lose theee fourths of the visoad wea
of Iis bradne s ooeesudt, e woubil experienee o hole
i b visoal Beld, et v be would be nnaware of the

240
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BRAIN

ohjects or seenes occurring in the blncked-out visnal
surrounding=. Bt with the rematning quarter of
his visual [ield, be would eontiniee to exprericuce
al he slready knew; that iz, he would net suffer
n propurtional three-quarters Ioss of memory. e
would come home to a family of four and recognize
all and not just one member.

In their search for the way the brain stores mem-
oriex, brain scientists have unenvered a possible ex-
planation of the memory nddle. Merhaps information
hecomes distributed in the sensory systems in much
the same wey that information is stored in holograms,
Holograms are interference patterns of light on film
{gee Cnlor; Laser and Masers). Although they bear
no images, three-dimensional images can be recon-
striceted from the interference palterns. Like the
brain's visua! system, holograms ean be damuged
extensively and vet produce a complete image from
what remains. Holograms share other information
storage properties with the brat, such as vast ca-
pacity, ense of information retricval, aml cross-
correlation of put mlormation,

The eerebral eortex is dividerd into & pumber of
nreas. Some are hooked ap with peripheral sensory-
motnr and core hnmeostatic mechanisms. Others are
wmvolved with advanced behavior. For many yeurs,
scientists thonght that the cercbral cortex was or-
panized as a reflexcare pathway. Sensory informa-
tinn, aceorcting to this belief, was sent to the sensory
areas of 1he rortex, was then assoeintted and al-
stracted in the assoriation cortex, and finally was
sent from the mofor ecortex to the museles and glands.
Reeent dnta sngeest, however, thut the sensory
areas of the rortex—those that reeeive information
from sensory receptors—can efleethvely guide be-

The Developing Broln

Cetebral Hemisphere

/ {ore of o poir) )
r\ﬁ,“‘ﬂh fr’-wﬁ\f&(‘orobe"um

Sl g e

Olfactory Tholomus Pitultary Medulla
Bulb Gland Oblongate
Midbrealn
[Moazencephnlan)
Forebroln Hindbraln
[Prosentephalan) {Rhambeancephalan)
]

Bosal Ganglia

Hypathalarnua

{thawn In alengthwise cut)

Key parts and major divisians of a vettebuate emnlirye's brain
are shown ahave at an early stnge of developnient. Technical
names of the three tejar divisians are in parentlieses.
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havior even when completely isolated from [h,_?"
of the eortex. Alsn, the motor areus of the cortege-
those that trigger muscle contractions when da
trically stimulated—-primarily process informsty,
cannting frorn muscle receptors and then yge this k-
formution to alter the set points of those and othg’
receptars,  Furthermore, the association cortey ook
to some extent by altering or filtering sensorv )
put, perliaps through the basal ganglia, enablic,
attention to be given to one or more sources of ey ;
information. By studying electroencephalogramg o
brain wave recordings, scientists can determi
whetlier a monkey, for instance, is attending to&]i =
color or to the pattern of a cuc with severnf comg. i
‘nents even hefore the monkey outwardly rescmﬁ% 1
ong or the other, e
Experiments such as this suggest that what e
hear, feel, and perceive is determined by homenstati; | |
brain processes, ns are the bedily functions. Thys
central processing of these experiences, hon-ere"g
requires affervut-cffercrt neurat loops that are longe ¥
and encompasa larger masses of brain {issue. thag*
thoge involved in the bodily functions. Much o+
the central orgnnization relics on interaction bwd
tween the cerebral cortex aud the lower parts of thos
brain an! the spinal eord, rather than solely on n_-ﬂn-:
arc actinn hetween areas of the cartex. S
The reticular core of the brain stem is cne of th?
mogt effevtive places for input control. The chemisdi
receptar sites that regulate sleep and wakefulnesi?
alertiesz, and elation and depression are found there.:
These core braie stem sites, in tien, influence visusl, |
auditory, and somatic sensory input as it enters thel
spinal cord and brain stem. For exaungple, it is more:
difficult for a person to pay attention to something ¥
when he is tired than when be 13 rested and alerds?
We ean envision the cercbral cortex as being hrosd-?
Iy arganized along two intersecting nxes. The outer
cortex lies along the frst axis. The front part of %
deals with mator action, white the back purt deak”
with scnsory input. The outer cortex is involvedd
with the “world out there,” including such memayy:
functions ng recognizing persons and pluces and =
mwembering mator skills. The limbic cortex, cr the
side-to-side care portion, Ties along the second axis. I?}(
deals with information from the “world within.” 'HEE\
limbiic cortex is involved with such netnoey functioss
as reeatling fumiliar as well as unique experienceld:
for memortes are ticd in with onr vital functions.

The Brain and Human Language

The Lwo ases of the corebral corfex inbersect M3t
the portion that reecives and sends information B
the cars, mouth, tongue, and thmat. This is :IL‘J'}
the ernter of the hiumen langtape control lnct‘lmll'lsm-lltt_'
Scientists have wondered what quality of the humasy
brain provided for the develogment of fanguage. 0o25
hint comes frone the amigque ahbility of ench of G
honmpn ecerchral bemispheres to cantrol different -
formation-piovessing svstems. The right hemisplered
drals Impgely with spatial relutionships, musical abt
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Eiin wave recordings nre made by an electraencephalograph.
ixardings of the principal brain waves are shown above, Sub-

s, anid other nonverbal functions. The left hemi-
ghere processes Hnguistie information. In all mam-
21ls, each hemispliere receives information from
il controls the opposite side of the body, Signals
wmove the right hand, for example, come from the
¢t cerebral hemisphere, Only in man, hawever, has
cializatinn proceeded to the point where an all-
aportant function such as speach is localized almost
felusively in the left hemisphere. Speech specializa-
0 i3 not present from hbirth, however. A child
o has had surgery or injury to his left hemisphere
dore the age of seven ordinarily recovers all his
inguage abilities, which then become loealized in
be right hemisplere.

Iﬁnynne reared in total isolation from other people
4983 not devclop the organization of sounds and ges-
ures that constitutes language. The observations
hat hemispieric speciulization develops slowly over
g und that an iselated brain does not produce a
Igunge suggest that the human brain gradually
*omes programmed. Other animals, such n3 the
s, have “wired-in” programs that guide behavior
At little change from birth (ser Animal Behavior).
T hunyrng, the strings of nerves that make up "lists"
“Ivarighle length can influsnce each other to praduce
#ograms much as computer languages prodine com-
Mter programs.  Future research should uncover
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7 Delta Waves - oisoctoted with &
yhfdrowsiness ond sleep it
%

'L, "
1 VL BE] ’ﬁﬂf&m{ s it AL
Jects of "biofeedback” experiments try to malatain a steady out-
put of alpha waves, which indicats a calm state of mind.

exactly how the informution contained in the lists
of homeostatic mechanisms becomes processed into
human language. (See elso Computers; Language;
Learning; Nerves))

Books About the Brain

AiTmov, Isooe. The Human Brain: Tta Capacities and Fune-
tions (Houghton, 1063). Clearly written for the lay-
man.

Caldar, Migel. Tho Alind of hIan {Viking, 1870). Hecent
brain research,

Etliatt, H. €. The Shape of Intelliganes {Seribner, 1089),
Explores the wide rangs of znimal intelligence.

Hyde, M. O, Your Brain: Master Computer {McGraw,
1984). Comprres humen brains to mechanigel “'hraing.”

luce, G. G, and Segal, Julius, Sleep (Coward, 19G6). A
poputar epproach.

Silverstein, Alvin and V. B._ The Nervous System: The Inner
Metsworks {Prentice, 1971). For younger readera.

Wearl, E. L. The Story of Your Brain and Nerves {Coward,
1861). Tu clenr terms for children,

Wilson, J. R. The Mind (Time, 1969), A general overview

thot discusaes the nervoua system and poycholugy.
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