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2Z% k1. Development of the Consciousness Eik®D 3 L~ Hughk

#1-1 Consciousness

from the low level which goes up/transfers without interruption/
continuously to the higher level. Signs of alive — alert/awareness —
recursive/self-conscious. {KKH & @R OB~ LHHE L T\ D, T72RDBFIE
BRI E . B A ERT 5,

Integration of emotional, cognitive and motive/motor activities into higher levels of
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functional concept can be considered as a whole “Consciousness”, as will be described
below briefly in a materialistic and hierarchical manner from lower to higher stages ;

I-1I-111.  (in some details later)

Integration of emotional, cognitive and motive/motor activities into higher levels of
functional concept can be considered as a whole “Consciousness”, as will be described
below briefly in a materialistic and hierarchical manner from lower to higher stages ;

I) Consciousness at the level of the brainstem (premammalian)

Alive, vital sign, awake and sleep, reticular activating system, sub-conscious,
arousal.

Even the most primitive animal, the protozoa, possesses the ability of sensation. As
the number of cells increases and the quality of the assembled cells differentiates into
tissues, each of them obtains any special character, e.g., muscles, nerves, skin, and so
forth. They are integrated in the organism and communicate each other to establish
the entire body.

In the vertebrate, the lowest stage of consciousness lies in the activity of the
brainstem. Animals are alive, cells and tissues of the individuals are breathing,

having a close relationship with the nature, by means of metabolism; catabolism and



anabolism. The biological basis of the primitive consciousness for living activities lies
in this neural structure. This is the level of the unconditioned reflex (Pavlov).

In the brainstem of the vertebrate, the diffuse thalamic projection system (Magoun),
or the thalamic reticular system (Jasper) particular kinds of cell groups produce
amines, peptides, proteins etc. In this structure, there are neurotransmitters :
dopamine, adrenalin, noradrenalin, serotonin, and acetylcholine.

The reticulo-activating system theory was proposed by Moruzzi and Magoun
(1949). The monoamine hypothesis proposes that the decrease of serotonin induces
the awake, while its increase induces the sleep (Jouvet 1972).

The hypothalamus is the central region dealing with “wake-and-sleep” mechanism
as well as the centers for eating, sexual function, biorhythm, body temperature,
energy and metabolism.

In addition to the projections from the spinal cord and the brainstem: the so-called
activating system, a large number of inputs reach the thalamus from the basal ganglia
and the cerebellum as well as from the cerebral cortex. Acetylcholine is also an
important substance originating from the LDT  (latero-dorsal tegmental nucleus) |,
PPN (pedunculo-pontine tegmental nucleus) and the basal fore-brain structures

(Meynert basal nucl., Medial septal nucl., Diagonal band of Broca).

II)  Consciousness at the level of the posterior association cortex
(mammalian/lower primate)

Awareness, passive cognition, first signaling system of the conditioned
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reflex.

The next stage of the consciousness, corresponding to the first (or sensory) signal
system of the conditioned reflex, or the beginning stage of the second (or linguistic)
signal system, may be observed in monkeys and chimpanzees. At this stage, animals
are aware of circumstances using sensory activities of the subcortical and the
posterior association cortical areas.

Upright walking or erect bipedalism, being able to use instruments by free
forehands, through which morphological changes of speech organs (to utter voices)
and use of gesture-language that led to the communication with collaborative labor
and conversation to form human social society.

Consciousness of this stage can be taken as understanding the surroundings
through the cognitive mechanism ranging from the sensory organ, brainstem and to
the posterior association cortex (PAC). Animals perceive and recognize the events in
the world (awakeness/consciousness). They adapt the surroundings and can behave

properly equipped with the neural basis of conditions in everyday lives.

I11) Consciousness at the level of the frontal association area or the
prefrontal cortex (higher primates/homo sapiens) , corresponding to the
second signaling system of the conditioned reflex (Pavilov).

Self-consciousness, social communication and behavior, abstractive
way of thinking, these mechanisms are characteristics in this stage.

Consciousness levels of I, II, and III are not clearly separable each
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other and are continuously changing.

The highest level of the consciousness may be regardes as
self-consciousness which is thought to culminate in the human brain. According to
J.H. Jackson (1931-32), “spirit/mind/consciouness” is the highest stage of
hierarchical structure in the course of evolution. The prefrontal cortex (PFC) has
been considered to be intimately related to the highest psychic actitivities such as
ethics/morals and aesthetic sense. Recently, many studies on the disturbance of the
frontal lobe, changes of character after the traumatic brain, highly memorial
disturbance, working memory, atrophy of the brain have been performed
scientifically in psychiatric patients and healthy control subjects. The use of
instruments, erect bipedal walking, group works or communale labor, with
linguistic communication have obviously been main factors for the
development of the human brain, particularly the PFC in the evolutionary
course/conditions of humanization from the ape (Engels, 1876)

Thus, the consciousness has highly been sophisticated in the course of

evolution from lower mammals to primates (including human).

EEG and synchronisation

If electrodes are placed on the scalp varying electrical potentials of a

few tens of microvolts can be recorded between the electrodes. Recordings of
6



potentials from electrodes on the scalp are known as electroencephalograms

(EEGs).

The potentials recorded in the EEG are due to postsynaptic potentials
in nerve cells. The EEG is insensitive to the activity of single cells and occurs
as a result of relatively slow, synchronised, changes in large areas of cells.
The differences in potential between two scalp electrodes are largely due to
depolarisation and hyperpolarisation of the dendritic trees of cortical
pyramidal cells. The folding of the cortex (gyri) is problematical for recording
and interpreting EEGs because opposing layers of cortex can cancel any net

potentials.

The EEG shows rhythmic activity. This is conventionally divided into

the following frequency bands:

Delta waves 0-4 Hz

Theta waves 4-8 Hz

Alpha waves 8-12 Hz

Beta waves >10 Hz

Gamma waves (also called fast beta) 25-100 Hz

EEGs also contain short bursts of activity called spindles and very fast

oscillations (VFOs). Spindles last for 1-2 seconds and contain rhythmic



activity at 7-14 Hz. They are associated with the onset of sleep. The VFOs

consist of short bursts at frequencies of over 80 Hz.

When the eyes are closed the amplitude of activity from most pairs of
electrodes 1s increased compared with when the eyes are open. When
subjects are awake the EEG consists mainly of alpha and beta activity with
considerable low amplitude gamma when the eyes are open. In stage 1 sleep
the EEG consists of theta waves, in stage 2 sleep of varied activity and
spindles, in stage 4 sleep of delta and during REM sleep of beta and theta
activity. In epileptic seizures there tends to be high amplitude activity with

pronounced synchronisation between many pairs of electrodes.

The rhythmic electrical activity is due to cortical feedback loops,
cortico-cortical synchronisation, thalamic pacemakers and thalamo-cortical
synchronisation. VFOs have been attributed to the activity of electrical

connections between cells (dendro-dendritic gap junctions) (Traub (2003)).

The gamma activity, centred on a frequency of 40 Hz appears to be
related to activity in cortical interneurons that form electrical connections
between their dendrites (Tamas et al. 2000). These oscillations can be
triggered by high frequency stimulation of the posterior intralaminar nuclei
of the thalamus (Barth and MacDonald 1996, Sukov and Barth 2001) and as
a result of activation of the reticular system (Munk et al. 1996). This
suggests that stimulation of cortex by thalamic sensory relays triggers

gamma band activity in the cortex. A shift from gamma to beta waves can



occur in human event related potentials after about 0.2 secs (Pantev 1995,

Traub et al. 1999).

The alpha activity is related to thalamic pacemakers, perhaps as a
result of intrinsic oscillatory activity in thalamic sensory relays (see Roy &
Prichep 2005 for a brief review). Theta activity, which occurs during some
cognitive tasks and mental arithmetic involves a loop from the cortex to the
non-specific thalamic nuclei. Delta activity seems to be endogenous to cortex
when input is suppressed during sleep. Beta activity is due to cortico-cortical
interactions, often after a brief period of gamma activation. It should be
noted that gamma and beta activity can be expressed as impulses in
cortico-thalamic pathways and that when cortical and thalamic activity is
correlated there is a conscious state. In other words gamma or beta waves in
the cortex are not correlates of consciousness on their own - see for instance

Laureys et al. (2002).

O00O0O0OO0OOOOOOOOOOOOOOOO
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# 1  Conditioned Reflex

Conditioned Refles 5<14: /< 4t Primary (1st, sensory) Signalling
system
lNoHsmue pedgbriekca Secondary (2ndlinguistic, language)

signalling system

Unconditioned Refles 545 5

Pa3Hoobpa3sue peghriekcos

Conditioned Refrex  CR:

The first (sensory) signal system

Concrete, direct stimuli, being considered as conditioned stimuli.

The second (linguistic) signal system

Cortical functional system, language being considered as conditioned

stimuli. The language is a signal of direct conditioned stimuli.
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1E£} Pavlov’s famous concept is the "conditioned reflex" (or in his own

words the conditional reflex: the translation of ycioBuBI pedyrexc into
English is debatable).In this work he developed his idea of "nervism”.He was

educaterd at the University of Saint Petersburg and studied the natural

sciences and became a physiologist.

In 1903, Pavlov delivered a speech entitled The Experimental
Psychology and Psychopathology of Animals. at the 14th International

Medical Congress in Madrid, where he read a paper

He received Nobel Prize of Physiology and Medicine in 1904. He died

of pneumonia at the age of 86.

In the 1890s, Pavlov was investigating the gastric function of dogs,
and later children, by externalizing a salivary gland so he could collect,
measure, and analyze the saliva and what response it had to food under
different conditions. He noticed that the dogs tended to salivate before
food was actually delivered to their mouths, and set out to investigate

this "psychic secretion™, as he called it.

Ivan Petrovitch Pavlov was born on 26" of September 1849 in Ryazan.
NBan IlerpoBuu IlaBioB pomuics 26 cenrsiops 1849 B ropone

Psazanu.
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He was educated at the University of Saint Petersburg and studied the

natural sciences.

In 1890s, Pavlov investigated the gastric function of dogs by
externalizing a salivary gland so he could collect and analyze the saliva.
He noticed that the dogs salivated hearing the foot-steps of a man who
gives them foods in the lab. This phenomenon was called “psychic
secretion” which led Pavlov later to study the mechanism of psychic
diseases. In 1897, Pavlov published a monograph: The Work of the

Digestive Glands.

Pavlov created the definitions of the four temperament types: 1) the
strong and impetuous type, 2) the strong equilibrated and quiet type, 3)
the strong equilibrated and lively type, and 4) the weak type, which
largely correspond, respectively, to the Greek terms 1) phlegmatic, 2)

choleric, 3) sanguine, and 4) melancholic.

In 1903, Pavlov delivered a speech entitled The Experimental
Psychology and Psychopathology of Animals at the 14th International

Medical Congress in Madrid.

He received Nobel Prize of Physiology and Medicine in 1904.

"Conditioned reflex™ (or in his own words the conditional reflex: the

translation of ycsroBuBIit peditexc into English) is a concept or theory,

termed by Pavlov.
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In his late years, after 80 years of age, Pavlov worked in a psychiatric
hospital, and observed, studied, discussed on the problems of psychic

illness with clinical doctors.

He died of pneumonia at the age of 86, on February 25" of 1936.

Sechenov described in his book “Reflexes of the Brain” that all actions
or behaviors in our lives, whether conscious or unconscious, can be called as
reflexes in a broad sense, and that psychic processes will cease when sense
organs stop to receiving stimuli. Pavlov (Fig.25) regarded the year 1863 as
the starting point of his research when the book of Sechenov was published.
As the fundamental principle of the conditioned reflex theory, Pavlov
believed that "no actions exist without causes, motives nor stimuli”. He
considered that every neural action and every psychic phenomenon has
actual reality of the objective existence, it can therefore be explained
materialistically through objective physiologic studies. He defined
conditioned reflexes as reflexes of living bodies acquired in their individual
lives, and the unconditioned reflexes as innate activities of definite reflexes,
non-dependent upon the cerebral cortex, genetically/hereditary
unconditionally fixed, and most importantly these are bases of a variety of

behavioral reactions which are formed as conditioned reflexes.
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Conditioned reflexes are classified into two parts; the first or primary and
the second or secondary signaling systems. The former signals are
perceived stimuli directly coming from sensory organs, whilst the latter
signals have unique characteristics, bearing indirect nature of signalized
signals. The first and second signaling systems are also called the sensory

and language signaling systems.

The fundamental principle of the nervous processes occurring in the
cerebral cortex is apparently common in ape and man, although the cerebral
cortex in man is far more developed and highly organized than that in ape.
The enormouse development of the human cerebral cortex, characterized by
immense growth of cortico-cortical fibers connecting sensory, motor and
association areas, including linguistic areas, has been caused by using tools
for hunting and farming, labor for production, and communication in the

society.

The relationship between the association cortex and the second signaling
system (language signal system) of the conditioned reflex will be considered
below. Animals receive sensory stimuli first in the epithelium of the
sensory organs and perceive and recognize the information in the brain, the
highest analyzer being in the cerebral cortex. Generally activities in the
brain become more complex and refined as impulses travel through crossing

over synapses (by means of synaptic transmission), thus shaping the brain in
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evolution.

In monkeys, inputs of somatosensory, visual and auditory systems have
been shown to converge on a certain area in the posterior association area,
i.e., the cortex surrounding the superior temporal sulcus (STS region) (Jones
and Powell, 1970). The same is the case in cats, showing that the same
kinds of inputs converging on the cortex surrounding the middle

suprasylvian sulcus (MSS region) (Kawamura, 1973a, b, c).

The organization of association fibers that converge upon a certain region
in the posterior association cortex is shown to be surrounded by these
sensory areas of different modalities. This leads to the development of
highly advanced areas of recognition, assuming that corresponding parts are
present in man which can be conjectured as a highly developed cortical area
from the phylogenetic point of view, i.e., the primitive linguistic area in the
posterior association area (Wernicke area). Anatomically, the STS region in
monkeys may correspond to area 39 (angular gyrus) and area 40
(supramarginal gyrus) of Brodmann (1909) in man as it takes similar or
analogous location in the human brain (Kawamura, 1977). The
developmental stage of this process can be considered as the transitional
stage from the first signaling system to the second in Pavlovian terms,

animals communicating each other by using socially defined signals.

15
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As a means of communication, we have languages by showing gestures,
and by talks and letters different from the levels of simple emotional
expressions, in which reactions or a kind of reflex movements are expressed
unconditionally. We can hardly think it the same in essence when
information is conveyed by crying sounds in emergency such as "dangerous”
or “be careful”. As the development of the language shows for example in
higher primates, repetition of emotional expression and gestures in life

generate common rules of understanding with particular signs in the society.

Namely, communication or transmission of thought and ideas always
accompanied by recognition and emotion, the latter being supporting
underneath. In the human brain, there are close relationships between the
cerebral neocortex and limbic structures, which has been demonstrated

scientifically from the standpoint of phylogenic development.

Gesture languages can be seen in the communities of monkeys and
chimpanzees, and also seen at the initial stage of communication by using
novel languages, or in the conversation among deaf and mute persons.
Although each has its own condition, signals by gestures have common
significance, transmitting ideas or concepts by means of body language. It
indicates a likely possibility that general idea/representation can be

transmitted among individuals by using gesture.

The brain of ape can discriminate sounds of different frequencies, but

16
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can hardly understand the meaning of spoken words lacking emotional tint.
There are indeed qualitative changes 1in the understanding of
communication between gesture and phonetic signs. This has been
materialized in the process of evolution from ape to man, being able to form
an idea from phonetic signs, and elevating further from the concrete idea to
the abstract idea. As the history of languages shows, the letter language
followed the spoken (phonetic) language. Then the language system has
created a new era of a deliberate thinking. The brain thus has reached the
stage in which various language centers in the posterior and anterior

association cortices are in active together as a whole.

Propagation of impulses directing towards the prefrontal cortex (= the
anterior association area), as mentioned repeatedly above, is absolutely
necessary for the brain to develop into the stage of abstractive way of
thinking. Through these processes, the active center of Broca (so-called the
motor language area) has been formed, creating or adding new functions of
special characteristics; abstraction and generalization. The second
signaling system of conditioned reflexes (of Pavlov), qualitatively highly

developed, can be accomplished through these developmental processes.

17
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Conditioned reflex and the mind

It is not easy to handle the problem of mind; the whole products of the

brain activities.

Mental activities in man have close relations with the

language function. In the central nervous system, scientists can study
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mechanisms of the motor, sensory or reflexes in proper ways. However,
when dealing with the products of higher nervous activities; “mind or spirit”,
various aspects of recognition, thinking, judgment, language, and emotion,

particularly in higher primates, they often face hard situations.

L,
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Even the greatest neuroscientists such as Wilder Penfield,
neurosurgeon, and John C. Eccles, neurophysiologist, who have devoted their
lives to understand the higher nervous activities as neuronal functions by
means of natural scientific ways, advocated the existence of mental energy or
the existence of the “liaison brain” towards the mental third world in their
late ages. They unfortunately reached the conclusion that the concept of
the soul cannot be reconciled with our present knowledge of neurosciences as
products of the higher nervous activities, and they tried to solve the problem
of mind and body (=brain) in dualism. Furthermore, Roger W. Sperry who
studied the functions of the left/ right hemisphere using the severed
hemispheric (split) brain, and Ragnar Granit who examined the control of
movement physiologically on the subcortical level, they both left the
standpoint of materialism and asserted from the position of idealism, saying
that psyche brings about materialistic changes or that neurons in the brain
work with definite purposes. The above-mentioned authorities are pupils of
Charles Sherrington (1861-1952). Sherrington is a distinguished scholar
who built the foundation of the modern neurophysiology, whose reflex reflex
theory is ; the brain has the action which integrates many reflexes in an
organic manners and completes complicated movements.

In contrast, Russian physiologist I. M. Sechenov (1829-1905)
published a book entitled "Reflexes of the Brain" (1863) from the
standpoint of materialism. He studied the mechanism of the central control
of the reflex movement at Claude Bernard's laboratory, and published this
work after he returned home in St.Petersburg. The guiding principle on the
research of Sechenov is the determinism (the term is contrary to the
vitalism), in which conditions of existence of all the phenomena in the living
bodies, like that of non-living bodies (inanimate objects), is absolutely
determined. And he extended/adopted the principle of reflexes in the lower
parts of the central nervous system to the activity of the psychological
activities of animals, and opened the way to establish the theory of higher

nervous activities, conditioned reflexes achieved by I.P. Pavlov.
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Descartes termed the automatic reaction of living bodies as "reflexes",
that occur as results of nervous induction reaching the brain, the idea
being the mechanistic idealism. He advocated the principle of human’s
rational psyche, and tried to explain human psychology by means of the
concept of reflexes. Changes of the historical concepts of the reflexes to be
followed to Sechenov, Sherrington and Pavlov have been described elsewhere
(Kawamura, 1999).

Sechenov described in his book “Reflexes of the Brain” that all actions
or behaviors in our lives, whether conscious or unconscious, can be called as
reflexes in a broad sense, and that psychic processes will cease when sense
organs stop to receiving stimuli. Pavlov regarded the year 1863 as the
starting point of his research when the book of Sechenov was published.
As the fundamental principle of the conditioned reflex theory, Pavlov
believed that "no actions exist without causes, motives nor stimuli”. He
considered that every neural action and every psychic phenomenon has
actual reality of the objective existence, it can therefore be explained
materialistically through objective physiologic studies. He defined
conditioned reflexes as reflexes of living bodies acquired in their individual
lives, and the unconditioned reflexes as innate activities of definite reflexes,
non-dependent upon the cerebral cortex, genetically/hereditary
unconditionally fixed, and most importantly these are bases of a variety of
behavioral reactions which are formed as conditioned reflexes.

Conditioned reflexes are classified into two parts; the first or primary and
the second or secondary signaling systems. The former signals are
perceived stimuli directly coming from sensory organs, whilst the latter
signals have unique characteristics, bearing indirect nature of signalized
signals ({E5?™{E7%) . The first and second signaling systems are also
called the sensory and language signaling systems.

The fundamental principle of the nervous processes occurring in the
cerebral cortex is apparently common in ape and man, although the cerebral

cortex in man 1s far more developed and highly organized than that in ape.
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The enormouse development of the human cerebral cortex, characterized by
immense growth of cortico-cortical fibers connecting sensory, motor and
association areas, including linguistic areas, has been caused by using tools
for hunting and farming, labor for production, and communication in the
society.

The relationship between the association cortex and the second signaling
system (language signal system) of the conditioned reflex will be considered
below. Animals receive sensory stimuli first in the epithelium of the
sensory organs and perceive and recognize the information in the brain, the
highest analyzer being in the cerebral cortex. Generally activities in the
brain become more complex and refined as impulses travel through crossing
over synapses (by means of synaptic transmission), thus shaping the brain in
evolution.

In monkeys, inputs of somatosensory, visual and auditory systems have
been shown to converge on a certain area in the posterior association area,
i.e., the cortex surrounding the superior temporal sulcus (STS region) (Jones
and Powell, 1970). The same is the case in cats, showing that the same
kinds of inputs converging on the cortex surrounding the middle
suprasylvian sulcus (MSS region) (Kawamura, 1973a, b, o). The
organization of association fibers that converge upon a certain region in the
posterior association cortex is shown to be surrounded by these sensory areas
of different modalities. This leads to the development of highly advanced
areas of recognition, assuming that corresponding parts are present in man
which can be conjectured as a highly developed cortical area from the
phylogenetic point of view, i.e., the primitive linguistic area in the posterior
association area (Wernicke area). Anatomically, the STS region in monkeys
may correspond to area 39 (angular gyrus) and area 40 (supramarginal
gyrus) of Brodmann (1909) in man as it takes similar or analogous location
in the human brain (Kawamura, 1977). The developmental stage of this
process can be considered as the transitional stage from the first signaling

system to the second in Pavlovian terms, animals communicating each other
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by using socially defined signals. As a means of communication, we have
languages by showing gestures, and by talks and letters different from the
levels of simple emotional expressions, in which reactions or a kind of reflex
movements are expressed unconditionally. We can hardly think it the same
1n essence when information is conveyed by crying sounds in emergency such
as "dangerous” or “be careful”. As the development of the language shows
for example in higher primates, repetition of emotional expression and
gestures in life generate common rules of understanding with particular
signs in the society. Namely, communication or transmission of thought and
1deas always accompanied by recognition and emotion, the latter being
supporting underneath. In the human brain, there are close relationships
between the cerebral neocortex and limbic structures, which has been
demonstrated scientifically from the standpoint of phylogenic development.

Gesture languages can be seen in the communities of monkeys and
chimpanzees, and also seen at the initial stage of communication by using
novel languages, or in the conversation among deaf and mute persons.
Although each has its own condition, signals by gestures have common
significance, transmitting ideas or concepts by means of body language. It
indicates a likely possibility that general idea/representation can be
transmitted among individuals by using gesture.

Formation of ideas (or concepts) in the spoken language (parole,
conversation, hearing speeches, etc.) is closely related to the fact that
sensory images have achieved relative independence from the individual
mental process into phonetic signals. Therefore, it needs to be objectified
and has some sort of common rules to be followed in the society beforehand.
Phonetic signs, unlike gesture signs, bear themselves own features. It is
almost impossible for monkeys to use such signs that bear their own free will.
The brain of ape can discriminate sounds of different frequencies, but can
hardly understand the meaning of spoken words lacking emotional tint.
There are 1indeed qualitative changes in the understanding of

communication between gesture and phonetic signs. This has been
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materialized in the process of evolution from ape to man, being able to form
an idea from phonetic signs, and elevating further from the concrete idea to
the abstract idea. As the history of languages shows, the letter language
followed the spoken (phonetic) language. Then the language system has
created a new era of a deliberate thinking. The brain thus has reached the
stage in which various language centers in the posterior and anterior
association cortices are in active together as a whole.

Propagation of impulses directing towards the prefrontal cortex (= the
anterior association area), as mentioned repeatedly above, is absolutely
necessary for the brain to develop into the stage of abstractive way of
thinking. Through these processes, the active center of Broca (so-called the
motor language area) has been formed, creating or adding new functions of
special characteristics; abstraction and generalization. The second
signaling system of conditioned reflexes (of Pavlov), qualitatively highly
developed, can be accomplished through these developmental processes.

The process of acquiring language through the evolutionary stage from ape
to human probably resembles the developing process of language acquisition
occurring in human children. In newborn babies, myelination in the brain
is completed only in the primary motor and primary sensory cortices, but not
in the association cortex. Brains of six month- old still have hardly any
myelination in the prefrontal cortex. In 3 year-old brains, myelination is
in its first stage in the prefrontal cortex, and it is only slightly advanced in
the posterior association cortex. At the age of about 7, most of the posterior
association cortex is myelinated, but in the prefrontal cortex myelination is
only completed in the adolescence. Physiologically, oligodendrocytes that
cover the axonal sheath facilitate the conduction velocity of impulses in the
nervous system contribute to the maturation of the brain activities, mentally
and bodily.

Maturation of the cerebral cortex, being accomplished by development of
both the association cortex and cerebral limbic structures, has close relation

with activities of recognition, emotion including linguistic functions, which
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can be elevated to the expression of higher levels. Desire occurring in the
animal brain is fundamentally related with the limbic system together with
the brainstem reticular activating system. Consequently, the higher order
of volition and will develop, making it possible to fulfill intentional and
planned actions. Higher levels of volition are the products of the higher
nervous activities that regulate emotional feelings involving the limbic
structures and modulate cognitive functions occurring in the posterior
association area by the aid of the backward propagation from the prefrontal
cortex. Thus the results of the present brain science are precious and useful
to build up a new method of education, particularly for the juvenile and
adolescence, and also to promote the wheel of our history; level up the
standard of social welfare, culture, arts, music and science.

Marx and Engels further developed the evolution theory of Darwin, and
pointed out that “the intentional and conscious activities of life in human
beings can essentially and characteristically be distinguished from the
activities of life in animals" (Economics and Philosophy, Memorandum,
Marx). To avoid misunderstanding, the essential point lies not in the
presence of consciousness, but it lies in the fact that they do cooperative
works with alert intention in the society. As a fundamental and leading
element, labor is considered as the first and foremost impelling/driving force
stepping toward the way for the human from the ape, i.e., homonization or
humanization. The activity of labor is indeed an advancing, driving force in
the continuity of animals and man. This viewpoint has been elaborated to
write an article; "Role of labors by which monkeys humanize” (Engels, 1876).
His researches elucidated various aspects of related problems of evolution,
labor and language. The functions and development of the cognitive
association system, those of the language areas, and those of the prefrontal
and motor systems and so forth are presently being elucidated and proven in
the modern neurosciences.

As seen above, the higher nervous activities that underlie emotion and

recognition systems are composed of three systems; cortical sensory (the first
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signaling) system, linguistic (the second signaling) system of conditioned
reflexes, and the subcortical unconditioned reflex system. Since the
concept/idea is the abstract action of the language, the second signaling
system of conditioned reflexes is the basic nervous activity. The basis of
emotion, on the other hand, is chiefly the action of the first signaling system,
connected largely with subcortical structures (regions which constitute the
limbic system including the amygdala, the septum, the bed nucleus of stria
terminalis, the nucleus accumbens/the ventral striatum). Neural circuitries
and processes of nervous activities that support the mechanisms of cognition
and emotion are interrelated closely with each other, as discussed above by
showing anatomical and physiological data. Cognition and emotion are
thus indispensable aspects of two indivisible phases, which reflect actual
existence in consciousness. There i1s no emotion without concept, and no
concept 1s present without emotion.

Pavlov in his late years, after 80, worked in a psychiatric hospital and analytically
observed patients of various types of mental diseases, for example, obsessive, delusional,
hypochondrial, and depressive symptoms. We can read detailed reports on these topics
written by himself ( I. P. Pavlov,1903). He tried to explain these abnormal symptoms
as activities of higher nervous system, using the concept of the second signaling system
of conditioned reflexes. Pavlov continued his researches in psychiatric illness,
particularly the experimental neurosis over 15 years, and he searched for effective
methods of therapy and wanted to carry steps toward “scientifically healthy
psychotherapy ".

Man can understand the high levels of abstract ways of thinking, and creates music,
arts, literature and sciences which can be inherited to the next generation. Biological
studies of abnormalities of the human mind and spirit are indeed to be pursued in

psychiatry.
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Cognition and emotion of animals in the course of evolution in BRAIN

FUNCTION

Below (Fig.A) shows a dialogue of two Chinese philosophers in ancient
times debating on the communication among swimming fish. They are
discussing whether fish, the lowest stage of vertebrates, possesses cognitive
and emotional abilities. One says “yes” insisting fish behaves merrily and
seems happy. The another argues that it is impossible to answer the question,

because we are human not fish, should be scientific !
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How can then our modern neuro-science can challenge to the issue ?

A HDITENERT
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Mirror approaching behavior in the fish, medaka (Oryzias latipes)

after lesion in the amygdala

Medaka (Oryzias latipes) and mouse for comparison.

Healthy medaka (with non-destroyed amygdala): swimming pattern is traced in the left
diagram. He is approaching to the mirror where his figure is reflected.

Medaka with lesioned amygdale: swimming pattern in the right diagram. Totally

indifferent to his own figure reflected in the mirror.

Numericals indicate minitutes after the fish was put in the pool.

In our experiments where Medaka (a kind of fish) are placed in the
aquarium that one side of the wall is covered with mirror, a normal fish

approached to the wall, while a fish with destroyed both sides of amygdala
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discarded own figure in the mirror and swim freely in the tab.

This behavior of the fish means the the normal fish recognized the
figure of his own and approached the mirror showing the sociability, while
the fish with damaged amygdala did not show any social, emotional

communication. (Tsubokawa et al., 2009).

IHERT, e bR - HE) - EEBIH O 2 L TE £ LD,
RURYDFTIELEIZROTL L 522 KT, FADBEERZFIC & &I
JNSeAN STz FZER T (BE)II, 2002; Tsubokawa &, 2009) ., fFEIFIBLUCED S
RPA DR A . A X THREZMEHF(GAD,CGRPIZFHH~T (K8)., £Dxf
ST DML ZFE LE Lc, TORKKICERZRK L Gk LEd, ©
LT, Z0LEOTEZEEBIE L E Lz (X9,1X10),

ALBEERBPETBNT, —DOHEICHEHZES &, /H A Z 0138
(CBo - A OBUg 2 T, FHEEOMF L TR LT, THhath) 2% LT
P BEDOIFE T TEET, TOWKOPBI T, Ll WA RS
NIEAZHIHEEZENTHEST> TEEE A, T BTN ET,
Ehz/e L, Fab LT L0 fEE (B2 R &9 % ERemE I
RFRET) 2FT5&0%, ala=r—a 2R3 178 (£250) »HEh
A, A small aquarium or test tank, in which the experiments were
carried out, shoaling : can be considered a simple form of affective behavior
displayed in social fish species in which a single fish approaches others,
When a single medaka is placed in a tank it swims freely in all directions.

When a mirror is placed on one side of the tank, the same individual tends to
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swim close to the mirror. = We defined this mirror approaching behavior as

an indicator of shoaling behavior.

Transplantation of amygdala from quail to chick

Sonograph , the quail-chick chimera system

Through evolution from fish to bird, avian (bird) obtain the singing
ability. Furthermore, the type of singing is different/or specific to species, e.g.
between hen/chicken and quail.

Chicken ti---, for one time, while the quail song/voice is ti-ti-for two
times in succsetion.

In the embryonic days 7-10 days, we did experiments to make an
chimera ; amygdalas of the chick were replaced by those of the quqil. As a
result, when grow up the hen utteded the voice of the quail. (Tan —Takeuchi

and Le Douarin, 1991). (Balaban &, 1988).
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Fig. 5. Testosterone-induced juvenile crowing patterns from chickens, quails, and quail donor—chicken
host brain chimeras. All crows shown were recorded between 4 and 7 days after harching. Each box
shows an amplitude-time (bottom) and frequency-time (sound spectrographic, top) representation of
one crowing vocalization. Frequency and time markers are as indicated ar the rop right. Transplant
operations are shown schemarically at the lower left: 1, transplant of the dorsal neural tube primordium,
giving rise to the dorsal thalamus; 2, transplant of the whole prosencephalic neural tube, giving rise to
the entre telencephalon, diencephalon, and eyes; 3, transplant of the whole prosencephalic and
mesencephalic neural tube, giving rise to the entire telencephalon, diencephalon, and mesencephalon
including the eyes; or 4, transplant of the whole neural tube berween the first somite and the caudal part
of the prosencephalon, giving rise to the entire rhombencephalon, cerebellum, mesencephalon,
diencephalon, and caudal portions of the telencephalon. Numbers in the upper left corner of cach
sonogram indicate which transplant was done. Crows from two unoperated chicks and two unoperated
quail are shown on the top. Crows from chimeric animals are classified into three groups: chicken-like,
two examples from two cg)iﬂkrcnt chimeric animals thar were similar in segmental structure to forms
observed in normal chickens; quail-like, four examples recorded from three different chimeric animals
with segmental structures thar were similar to those observed in normal quail; and indeterminate, two
examples of variable segmented crows from rwo different chimeric animals. Although these indetermi-
nate vocalizations were segmented, their lack of quail duration and temporal patterning as well as the
variability of their temporal patterning precluded their classification as quail-like; some of them are
similar to rare aberrant quail crows recorded in an carlier study (10). Names in the sonograms denote
the individual animals tested.
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Zebra fish from Okamoto
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Emotional expression and the limbic system (BN RH & KijBH%R—ELH
TRA—

Humans understand language, art and music, because the development of
the brain has reached a level to recognize symbolic signals to communicate in
the society. Areas 39 and 40 (of Brodmann) in the human parietal lobe are
involved in the high order recognition, disturbance of which causes sensory

aphasia, apraxia and agnosia.

Functions of the frontal lobe are the active expression of bodily and mental
movements as well as planning and performing a series of actions.
Cognitive information reaches the prefrontal cortex from the parietal and
temporal lobes. There are no direct projections from the posterior
association area to the primary motor cortex (Kawamura, 1977), having
interfaces where the conversion of the sensory cognition to the active motor

action occurs.

Recognition and emotion are closely related to each other in the expression
of “logos” and “pathos”. Sensory information reached the cerebral cortex is

transmitted from the posterior association area to the anterior association
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cortex, or the prefrontal cortex, in which information of the stimuli can be
converted and be bestowed the connotational significance reflecting the
situations occurring in the external world before being sent to the higher

cortical motor system.

The amygdala participates in the evaluation of biological values of
pleasant or unpleasant feelings in the consolidation of memory by means of
emotional conditioning. Furthermore, it is well known that there are
Yakovlev’s and Papez’s circuits, (Fig.10, see Papez, 1937) which are
concerned with emotion and memory, respectively, involving the amygdala,
temporal and frontal lobes, cingulate gyrus and hippocampus. In the
cingulate gyrus, the amount of regional cerebral blood flow (rCBF) increases
in the volitional action of monkeys in the experiment where they found a new
maneuver in order to obtain rewards (Shima and Tanji, 1998) are involved in
the autonomic nervous system, the highest center of which is the
hypothalamus. Autonomic nervous activities comprise breathing, blood
circulation, perspiration, digestion, appetite and sexual desires. These have
close correlation with emotion, activated by the limbic system. Hormonal
regulation system covering the hypothalamus, hypophysis and endocrine
organs 1s under the influence of the hippocampus and amygdala. Impulses
of smell and taste are known to pass into the cortical and medial nuclei
(phylogenetcally old parts) of the amygdala (Norita & Kawamura, 1980),

which are also associated with emotion.
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All sensory inputs, including the visceral, are involved in the autonomic
nervous system, the highest center of which is the hypothalamus. As for
autonomic regulation, there are neural projections from the paraventricular
nucleus (PVN) to the dorsal nucleus of the vagus and solitary nucleus in the
brainstem, as well as humoral influence controlled by the endocrine system.
Autonomic nervous activities comprise breathing, circulation, perspiration,
digestion, appetite and sexual desires. These have close correlation with
emotion, activated by the limbic system. Hormonal regulation system
covering the hypothalamus, hypophysis and endocrine organs is under the
influence of the hippocampus and amygdala. Impulses of smell and taste
are known to pass into the cortical and medial nuclei (phylogenetcally old
parts) of the amygdala (Norita & Kawamura, 1980), which are also
associated with emotion. Information from the amygdala can be

transmitted to the hypothalamus via the stria terminalis and ventral
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pathways.

As a classic theory of emotional concept viewed from the
phylogenetic points, “a triune brain theory” has been proposed by MacLean
(1973). He considered the hierarchy of the animal brain as constructed by a
three-layered system, consisting of the primitive reptilian brain, the

paleo-mammalian brain and the neo-mammalian brain (Fig.11).
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The animal with the primitive reptilian brain expresses the
stereotypical behavior based on primitive learning and memory. In reptiles
and birds, the main structure of the motor system is the basal ganglia, and
the cerebral cortex is underdeveloped. The behavioral reaction of these
animals is largely determined at the level of the limbic system.

The animal with the paleo-mammalian brain, first developed in the
primitive mammals, has the seat of emotion, by which the stereotypic

reactive actions are regulated and controlled somewhat with flexibility.
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Under these conditions, the limbic system plays important roles in the
expression of behavior directly related to "emotional processes" (Bruce and

Neary, 1995).

In “higher-mammals”, the neocortex is involved in analyzing external
environment. The cerebral cortex, cerebellum and basal ganglia develop
markedly in the primates, and " cognitive process" are concerned to a large
extent with the expression of behaviors. A high degree of mutual
connections between the neocortex and limbic structures develops in higher
animals (Fig.12), particularly in the fiber connections among the temporal
association area, prefrontal area and amygdaloid nuclei. Emotional
behaviors become much more refined and complex qualitatively. Abstract
ways of thinking and emotional self-reflection can be achieved in the human
brain. The regulation of the prefrontal area over the limbic system and the
participation of the "thinking process" to the "emotional state" becomes

refined and characteristic, as seen in music and art (Fig.13). Anatomically,
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direct and indirect connections between the prefrontal cortex and the

hypothalamus and amygdala become stronger.

The structure of the human neocortex is further advanced than in the
monkey in terms of its areal expansion, cortical width and fiber connections.
Microscopically, differentiation of pyramidal neurons, development of
neuronal circuitry are noteworthy. Use of tools in labors, co-working in the
society, communication with language, all these have enabled the human
brain to reach the highest levels of cortical development.

Comparisons of the corticocortical connections between cats and the
monkeys have been illustrated and discussed elsewhere (Figs. 14, 15,
Kawamura, 1977). A greater degree of differences certainly exists between
humans and monkeys than between cats and monkeys (Fig. 16).
Regionalization and lamination in the human cerebral cortex are also
important factors for the basis of analytical mechanism of the higher order

brain functions.
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The amygdala participates in the evaluation of biological values of pleasant or
unpleasant feelings in the consolidation of memory by means of emotional
conditioning. Furthermore, it is well known that there are Yakovlev’s and Papez’s
circuits [put references] which are concerned with emotion and memory,
respectively, involving the amygdala, temporal and frontal lobes, cingulate gyrus
and hippocampus. In the cingulate gyrus, the amount of regional cerebral blood
flow (rCBF) increases in the volitional action of monkeys in the experiment where
they found a new maneuver in order to obtain rewards (Shima and Tanji, 1998) are

involved in the autonomic nervous system, the highest center of which is the
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hypothalamus. Autonomic nervous activities comprise breathing, blood circulation,
perspiration, digestion, appetite and sexual desires. These have close correlation
with emotion, activated by the limbic system. Hormonal regulation system
covering the hypothalamus, hypophysis and endocrine organs is under the influence
of the hippocampus and amygdala. Impulses of smell and taste are known to pass
into the cortical and medial nuclei (phylogenetcally old parts) of the amygdala

(Norita & Kawamura, 1980), which are also associated with emotion.

All sensory inputs, including the visceral, are involved in the autonomic
nervous system, the highest center of which is the hypothalamus. As for
autonomic regulation, there are neural projections from the paraventricular nucleus
(PVN) to the dorsal nucleus of the vagus and solitary nucleus in the brainstem, as
well as humoral influence controlled by the endocrine system. Autonomic nervous
activities comprise breathing, circulation, perspiration, digestion, appetite and
sexual desires. These have close correlation with emotion, activated by the limbic
system. Hormonal regulation system covering the hypothalamus, hypophysis and
endocrine organs is under the influence of the hippocampus and amygdala.
Impulses of smell and taste are known to pass into the cortical and medial nuclei
(phylogenetcally old parts) of the amygdala (Norita & Kawamura, 1980), which are
also associated with emotion. Information from the amygdala can be transmitted

to the hypothalamus via the stria terminalis and ventral pathways.
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Afferents to Amygdala
(Kawamura & Norita, 1980)

As a classic theory of emotional concept viewed from the phylogenetic points,
“a triune brain theory” has been proposed by MacLean (1973). He considered the
hierarchy of the animal brain as constructed by a three-layered system, consisting
of the primitive reptilian brain, the paleo-mammalian brain and the

neo-mammalian brain.
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The animal with the primitive reptilian brain expresses the stereotypical
behavior based on primitive learning and memory. In reptiles and birds, the main
structure of the motor system is the basal ganglia, and the cerebral cortex is
underdeveloped. The behavioral reaction of these animals is largely determined at
the level of the limbic system.

The animal with the paleo-mammalian brain, first developed in the primitive
mammals, has the seat of emotion, by which the stereotypic reactive actions are
regulated and controlled somewhat with flexibility. Under these conditions, the
limbic system plays important roles in the expression of behavior directly related to

the "emotional process" (Bruce and Neary, 1995).
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Functions of the frontal lobe are the active expression of bodily and mental
movements as well as planning and performing a series of actions.
Cognitive information reaches the prefrontal cortex from the parietal and
temporal lobes. There are no direct projections from the posterior
association area to the primary motor cortex._ 'l having
interfaces where the conversion of the sensory cognition to the active motor

action occurs.

Recognition and emotion are closely related to each other in the expression
of “logos” and “pathos”. Sensory information reached the cerebral cortex is
transmitted from the posterior association area to the anterior association
cortex, or the prefrontal cortex, in which information of the stimuli can be
converted and be bestowed the connotational significance reflecting the

situations occurring in the external world before being sent to the higher
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cortical motor system.

The amygdala participates in the evaluation of biological values of
pleasant or unpleasant feelings in the consolidation of memory by means of
emotional conditioning. Furthermore, it is well known that there are
Yakovlev’s and Papez’s circuits, which are concerned with emotion and
memory, respectively, involving the amygdala, temporal and frontal lobes,
cingulate gyrus and hippocampus. In the cingulate gyrus, the amount of
regional cerebral blood flow (rCBF) increases in the volitional action of
monkeys in the experiment where they found a new maneuver in order to
obtain rewards (Shima and Tanji, 1998) are involved in the autonomic
nervous system, the highest center of which is the hypothalamus. Autonomic
nervous activities comprise breathing, blood circulation, perspiration,
digestion, appetite and sexual desires. These have close correlation with
emotion, activated by the limbic system. Hormonal regulation system
covering the hypothalamus, hypophysis and endocrine organs is under the
influence of the hippocampus and amygdala. Impulses of smell and taste
are known to pass into the cortical and medial nuclei (phylogenetcally old
parts) of the amygdala (Norita & Kawamura, 1980), which are also

assoclated with emotion.
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AE (HAX, EEHV)
IR S DT
KL T3 2%% 1525, T72bb, ORMEOTOE (BLO—H, NMEER) 7
HEZ D PR, BUR TS (RikZ. BERRIEE. 5P . WIIBLRATEE 72 &~ k3 2 40 5t
FEVIHER, BRU@EL U TREEIMUSZZ H TR ED | IAEZECIMAUER IR T
36 PURIESLZ 23 THrBetRIC oA 3 2 BRI ST R & PRI D 0HERE. S DIC@IAHEIPAD K
PRpEE, & < ICIMEREE, BULIRIERVE., ATARIRIE]L IREHEE KDL BEHANH 5,

F7o IR E R KON & & T MBS E & RPKIR & ORI E RO A
fEENAHHALD (Kawamura & Norita, 1980), Fli4 &ML DEE ~0D AT IIEA
/e MR RE 2 L CHR LI LY REA~D ATNERIE, IOV < Do
R (BURREHEZ, BUR THOENMIEL, BE, #a L) N oS BitiEL,
FHUZ 72 E O DEEORF PFIET D, 5 & RPRITIE LA S RERERIIZ b 5872

LRGN T D0, Z OMEDE OMMEEREIE, D7 < &b PO TH LA
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159 % (Aggleton, 1986) , KM, Rk DIMAES « FIFLEAL D & ITRNEF~, FEIEH -
RIEIEAZ 2 513 CAL/CA3 ~RE A Z B AL, WIS B « CA 1 2> BITRPIR D LS - K
EAZ N s B IT R AR D SRS  SMUEE A~ DRI IFAET % (Amaral 5, 1992) ,

BUE, AR % G e KIMEE-OUES « Rk O REEfRISFS X OMRIR TElag fiik & o o
B A TR E L OIFFER /e ST D (LeDoux, 1998; Aggleton, 20005 FAA &

/NEFL2002)

LA B33

00000000000 00000000000O0O0

b) Filtering function in the thalamus R KD &

Sensory stimuli from the periphery ascend to reach the thalamus and
therein; thalamic filtering-mechanism works, appropriate quantity (amount) of
sensory stimuli reach the cerebral cortex; perceive and regulate the level of the
arousal situation. In SCZ patients, the thalamic filtering function is disturbed,
resulting in the hyper-arousal state in the cortex due to the excess amount of

sensory stimuli from the surrounding world. Carlsson and Carlsson (1988)
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proposed that the circuitry of the cortico-striato-thalamo-cortex may regulate the

filtering function of the thalamus as an example of feedback loops.

Filter 58 (RREMERE text p.329)

DA F (EEUxE) &7 NVF I VBRI (G HEREDIRT) DEEFL
BR T 4 W Z —FRERFZFEODIT 72 H DT, Carlsson A (1988) D A 4 i
JE R— 33 GRS D,

BRRZ 4 V& —RERBIT, A KIVEDOWTEE hyperarousal RAEFE
HPEEZGIRO 7 4 V2 —ERREREENOHAT 20D TH D, IEFHRIKE
ClX. sensoric stimuli fron the periphery ascend to reach the thalamus and relayed
therein; thalamic filtering-circuitry works, appropriate quantity and quantity
(amount) of sensory stimuli only reach the cerebral cortexand perceive, regulate
the levelof the arousal situation 1%t &5 & & BT, KINKE O REEKUEZ
M3 5, In schizophrenia patients, the thalamic filter function is disturbed,
resulting in the hyperarousal state 1% % E2 K& in the cortex owing to the excess
amount of the stimuli; occurring information-treating disturbance and cognition
disturbance it & D FIPE S KRB BT 5 72 DI E AR ERR B 72
0. AR - BMEENRB I EEZEXA LN TVD,

Carlsson (IR D 7 ¢ V& —KEEEZ FRETT 5 _2: L TR
B - BRI - BUR - KIMCERIEZME Lic, EFHE CIIHRKRO 7 114
— BNV T A NIERENC /25 & Z D feedback loops 23K D 7 4 L4

— [ A i L, SR AT &2 il %, feedback loops D —H# C & 2 BREcIA
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IX. cortex 2B 7L H X U RITE o TRIERN R Z . HiEo 6 DA RIC
X o Tl e B2 % =15 T b, SCZ T/ NLH I VRO, F—
NI VROBRETLENE Z 5 &, T HITE ITHREROEIRITH T 20
HilRgRE & DA L, FUR D 7 ¢ v 2 — DBV T RN E O EE 4 L = 9,

BERE : AV FIEMEERM MMN
FHEEMO—OT, EERE R 2 OmE LR L
THN., BB - AR IER (EERKE) 22X 2, SCZ T
MMN DOIRIEZET L T2, & <IZHERFM CIRIEE T2ABEETH Y |
SCZ O EFEMFE FE A SR O FMABE 21T T <L K0 BRI O B
BENBAELTND Z ENRIBINTVD,

BEEEIE . 7L/ LRI prepulse inhibition(PPI)
IREREEBHMAE G 2 25 & AMWITENSKIEL acoustic startle

response (> < D JIK)HEE Z B 03, RE R FRROE NSRS &k 2
IR WVEREE D/ S WERRTHIY (prepulse, TEHIY) 25z Tl &, B
BT LEDOEIEISHIHI S 5815, SCZ Tl prepulse (2 & 5 H#MS Kt
MHIOREEENEE L TV D, THIUTEEN G LR RiR S A 2Ry L
IVOFIRTHDHZ LITEETH D,

52



53

Theorem 1 Let X be a nonempty set and let {fi,f,,...,f.} be a real
valued function on X. Let I = {1,2,...,n} and define a real valued function F'
onX X Iby

F(x,i)=fi(x) forall(x,i)eX x I
Let ce R and suppose that F'1s W — convexlike 1in its first variables

and for any m nonnegative numbers o4, qy,...,Q, with Y-, o, =1, there

exists x € X such that

iaifi(xo) <c

Then the following holds-

inf mgxfi(x) <c.
xreX

Proof. From above (12) that holds F is W — convexlike implies that
F is convexlike. So we have the Theorem 6.3.4 by Takahashi, W.
pp182-183 of “Nonlinear Functional Analysis, Fixed Point Theory and its

Applications” : Yokohama Publishers, 2000.

Theorem 2 Let X be a nonempty set and let {fi( x ). fi( =), fi( xn)}

be a real valued function on X. Let I = {1,2,..., £} and define a real valued

function Fon X X Iby
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F(x i) =fi(=x,) forall(xi)eX x I
Let c€ R and suppose that F is W — pure convexlike such that

satistied by
D Elfi(xl),fi(xz) €X

@ fi(x,, )—(@+pfi(=x,, )+aBfi(x, )=0 and fi(x, )>0
® —-1<p<0<a<1l,0<(a+pB)—aBf<1 and (a+p)>0

and for any # nonnegative numbers Yi,Yz, .,Ys With Y% .y, =1,

there exists x 0 € X such that

p
Zy”ifi(xo) <c

Then the following holds-

inf m?xfi(xn) <c¢ and iif)rgofi(xn) =0.
x€EX

Proof. The reference was made of the case £ =4 above our
discussions in this paper. So we shall have a generalized case of £

nonnegative numbers.

Theorem 3 Let X be a nonempty set and let {fi( z ).fi(x,) - fi( xn)}

be a real valued function on X. Let I = {1,2, ..., £} and define a real valued

function Fon X X Iby

F(x i) =fi(=x,) forall(xi)eX x I
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Let c€ R and suppose that F is W — linear or Ilinear such that

satistied by

® 3F :fi(xl)' F, =f¢(5€2) €X

@ Jr’L(1:4'1,+2) —(1+8) fi(xm.l) + Bf%(xn) =0 and f’i(xn) >0
@ -1<p<0
and for any # nonnegative numbers Yi,Y,, ..,Ys With Y% . v, =1,

there exists x 0 € X such that

p
Zy”ifi(xo) <c

Then the following holds-

inf m?xfi(xn) < cand
xEX

F,—BF
lf FZ = B Fl then lim fi(x/n) =0 otherwise lim .fi(xn) — 2 ﬁ 1 >0
n—>00 71— 00

1-p

Proof. The reference was made of the case # =4 above our
discussions in this paper. So we shall have a generalized case of £

nonnegative numbers.

Theorem 4 Let X be a nonempty set and let {fi( x ). fi( =), fi( xn)}

be a real valued function on X. Let I = {1,2,..., £} and define a real valued

function Fon X X Iby
F(x i) =fi(=x,)forall(xi)eX x I

Let ¢ € R and suppose that F 1s W — linear or linear such that
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satistied by

@® 3F =f¢(x1), F =f¢(x2) €X

@) fi(xnn)_ (1—a)f¢(xn+1)—af¢(xn) =0 and E, =f¢(xn) > 0
®o0<a<l1

and for any % nonnegative numbers Yi,Ys,...,Yp With Zfﬂyi =1,

there exists x € X such that

£
nyi.f/i(xo) sc.
i=1

Then the following holds-

. ‘ <
LrLf mfle¢(xn) < cand
x€eX

F,+aF;

if F, = —a F, then /,ltl_r&f‘“(xn) =0 otherwise ii_r)‘rgofi(xn) ==

Proof. Let B = (—a) in above theorem 3 and we have this theorem 4.

%%k 22 Pavlov mechanics for playing music appreciated in brain ~ F13¢
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Pavlov mechanics for playing music appreciated in brain

June 12, 2013
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Koki KAWAMURA

Hitoshi SAKAIDE

ABSTRUCT
KAWAMURA schema (Ref.1) on playing music appreciated in brain
will be solved using Pavlov mechanics model that comes to a conclusion such
as identical thesis on being insisted by Sechenov and his scholarly disciple
Pavlov that no less response on living individuals, conditioned reflex or
inheriting higher nervous activities including cognition than stimulating
from the senses inputs or the inner environment is needed.
Brain’s inner nervous system being in-completed, it needs for its
completeness on putting information from the outer system in order to let

the brain learn.

(Ref.1) KAWAMURA schema, Koki KAWAMURA “Playing brain in art”

special 1issue 2012 pp.43 in Japanese

Sectionl.
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Fig.1 KAWAMURA schema on playing music in appreciated brain 1
We describe the denotation of organ names by symbols with the

fallowing Fig2.
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Fig2. KAWAMURA schema on playing music in appreciated brain 2

Sounds, air oscillation received with the sense organ Xo shall
transform into electronic signals in its nervous system.

We perceive the rhythms and the either high or low tone of sounds at
the brainstem Xi.

Higher recognition shall be controlled with the level of cerebral cortex.

At the posterior association area, the flow forks off into two directions.

One direction is for sound occupied the Time & Space flow Xo.

The other for sound constructed the Melody & Harmony flow Xs that
contains sound Form through emotional and cognitive systems.

They are two of dorsal and ventral pathways that are focused onto the

prefrontal area of both X10 and X12.
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Thus Geschtalt is made that a forming oneness is recognized with
each other as a whole.

Allow the processes go further into the primary motor cortex Xi6
through complicated ones at the higher motor cortex X15 that we can say a

musical performance in general.
The symbol of — denotes mapping in our figures (Fig.1 and Fig.2)
that we consider as primary function. The system of our figures shall be a

model of a system of equations.

Two fallowing figures are of Pavlov concepts, following the first Pavlov

concept figure.
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The fallowing is illustrated into Brodmann’s brain map.
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Fig.4 Pavlov concept into Brodmann’s brain map

Section2.

2-1. Definitions of terms in the Pavlov theory

(1) Conditions shall denote external forces that are added on a

(signalling) system.

(2) Conditioned stimuli shall denote the external forces that let sense organs
in living creatures stimulate.

(3) Un-conditions shall denote no relations between the living creatures and
the environmentally external forces.

(4) Reflexes shall denote nervous activities that are stimulated on living
creatures (animals) as individuals.

(5) Conditioned reflexes shall denote such that organic nervous systems on
living creatures (animals) as individuals shall response to stimuli of
external forces in their environment. The conditioned reflex activities in
dogs and other higher animals are held only in their cerebral cortexes.
Nervous systems that respond to stimuli of external forces shall be
defined as the first signalling system, and hold equilibrium between their
inner forces and the external forces. These responses are called the first
conditional reflexes.

Linguistic nervous systems acted by these reflexes are called as the

second conditioned reflexes. A linguistic base signal generated by this
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effect re-acts the first conditioned signals. The second conditioned
reflexes are called linguistic conditioned reflexes.

(6)Unconditioned reflexes shall denote nervous activities automatically
generated in order to sustain life support for living creatures as
individuals without the environmentally external forces.

These are defined as the zeroth signalling system or the zeroth nervous
activities that shall not be responded to the environmental external
forces.

(7)Pavlov theory contains three systems, the zeroth, the first and the second
signalling system that are represented unconditioned, the first
conditioned, the second conditioned reflexes, respectively.

(8)Since Pavlov theory contains the above three, higher nervous activities
than the zeroth in relationships among the three ordinal numbers, 0, 1, 2
implies that the higher nervous activities shall be the first and the second
nervous activities in all.

(9)An advanced principle of higher nervous activities shall be a principle that
shows such that the signals of the nervous activities are transformed
from the first to the second in their signalling systems.

(10)The second signals are called a language generated with the linguistic
nervous systems, in that are, Wernicke’s area and Broca’s area.

(11)We shall classify (animal’s) circadian rhythm and homeostasis in a day
into four categories during such arousal, hypnosis, shallow sleep and deep
sleep for human, specially.

As for awareness, three appropriate categories shall be classified in all, in
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these are arousal, hypnosis and shallow sleep, and deep sleep in all
wherein hypnosis and shallow sleep, deep sleep are presented by
NON-REM (non-rapid eye movement) sleep, REM (rapid eye movement)

sleep, respectively.

2-2.A mechanics model in a Pavlov theory

(1) The theory has external forces and inner forces.

(2) It has the interaction law of action and reaction.

(3) It has a linguistic conditioned reflex equation equivalent to Newton’s
equation.

(4) Tt has an advanced principle on higher nervous activities.

2-3. Mathematical model of the Pavlov mechanics

1. Axiom of choice
We can take one or one by one element from all of sets.

2. General choice function
General choice function is denoted a function that takes elements in the
axiom of choice.

3. Specific choice function “* ”

Specific choice function “#* ” shall be a function that takes only one

element from elements in a set.

For instance, a set consists of seven elements like {O, f, ~, v, II,
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G )} implies such that we can take like “0”...1, “f”...3, “~"...5, “\V/”...7,
“I17...9, “C’...11, )"...13.

(ref.2) Godel “On formally undecidable propositions of Principia
mathematica and related systems 1”7 1931 ppl156-157 COLLECTED
WORKS Volume [ OXFORD UNIVERSITY PRESS 1986

4. Ordinal numbers
(1) The object symbol 0 shall be an ordinal number.
(2) The function symbol *’ shall represent as successor from .
(3) The choice function “#* ” shall be a function such that we take only
one element from all the elements composed of (1) and (2).
(4) We can take “07=1, “0’ 7=2, “0” =3, “0""=4,..., “0”-’ 7=18, wherein the
last term shall contains 17 components of ’ .
(5) The object symbol 0 by (1) and 1, 2, 3, ...,18 by (4) that makes 19
symbols shall be defined as ordinal numbers herein.
(6) Above these alone shall be ordinal numbers.
5. Index numbers
Symbol » shall represent an index number.
Index number »n shall be a variable that represent each index number
such that the index numbers are like 0, 1, 2, 3,..., 18.
Above alone shall be index numbers.
6. External forces and internal forces
External forces shall represent the symbol such that —F.
Internal forces shall represent the symbol such that +F.

A balance between the external forces and the internal forces shall
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represent such that F + (—F) = 0.
(ref.3) Pavlov “20 years objective study in animal’s higher nervous
activities”
“As a part of nature, one of the living creatures of animals is a
complicated system such that there is a balance to be held, at an every
certain moment, between his inner forces and the environmental external
forces only if he exists as one of living creatures.”

7. Elements of sets (on the first signals and the second signals)
The elements Xo,X1,X2, ..., X18 of a set shall represent the first signalling
system.
The representation of F as all the elements of a set on the first signalling
system implies that F shall be what we call a set-value, namely whole
element of the set.
The elements wr, & of a set shall represent the second signalling system.
The elements of a set shall be denoted by those that they are not sets.
Above alone shall be elements of a set.

8. The corresponding relationships between the elements of a set and organs
of brain
Each element of the set on the first signalling system shall be a variable
corresponded by its name of the organs of brain. We show the following

table.
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The first signalling system in brain

variable name of organ

X0 sense organ

X1 brainstem*spinal cord (upward path, perception system)
X2 diencephalon thalamus hypothalamus
X3 primary auditory cortex

X4 cerebellum

X5 hippocampus amygdala

X6 basal forebrain

X7 basal ganglia nucleus accumbens

Xs temporal association area

X9 pariental association area

X10 prefrontal area (VL)
X11 prefrontal area (DL)

X12 premotor area

X13 Wernicke's area

X14 Broca's area

X15 higher motor area anterior cingulate gyrus

X16 primary motor cortex

X17 brainstem*spinal cord (downward path. motor system)
X18 locomotorium (muscle)

The elements 1w, 4 of the second signalling system shall be each
variable in Wernicke’s area, Broca’s area, respectably. We show these in

the following table.

The second signalling system
valiable function
i concept*mental image mental model
lig contex-total structure abstruct-activation commander

9. Sets (the first signalling system, the second signalling system, Wernicke’s
area, Broca’s area)
The sets of the first signalling system and the second signalling system
shall not be empty.

The universal set X= { F} = {Xo,X1,X2, ...,X18} shall be a set of the first

68



69

signalling system.

The singleton set W={w} shall be a set of the second signalling system

in Wernicke’s area.

The singleton set B={6} shall be a set of the second signalling system in

Broca’s area.

The singleton set b={X14} shall be a set of the first signalling system in

Broca’s area.

The universal set L={w, 4} = {w} U {#} = WU B shall be a set of the

second signalling system.

Above all of the sets alone shall be X, L, W, B and b={X14}that mean a set

of the first signalling system, a set of the second signalling system, a

singleton at Wernicke’s area by the second conditioned reflexes, a

singleton at Broca’s area by the second conditioned reflexes and a

singleton at Broca’s area by the first conditioned reflexes, respectively.
10. A model of a linear system of equations on the inner network for the first

conditioned reflexes (the first signalling system)
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Model of selfcontained structure for the first signalling system in brain

Input system of response signals for the first sygnalling system in brain

(Given an inititial value such as unknown = known)
0 Xo=wo

Respnse signal transmition system for the first signalling system in brain

(Incomplete system such as solve with 18 unknowns and 17 equations)
1 X1+ a1 Xo+ B 1X4=w 1

Xo+ a 2X1+  2X4+ vy 2X5+ § 2X7=w 2

X3+ o 3X2=w 3

Xa+ o 4X1+ B 4X8+ v 4X10=w 4

X5+ a 5X2+ (3 5X8+ v 5X10=w 5

X6+ o 6X7=w 6

X7+ a 7X8+ 3 7X10=w 7

X8+ a 8X3+ 3 8X5+ v 8X6+ 6 8X10 =w 8

9 X9t a9Xs3+ B 9X12=w9

10 X10+ o 10X5+ 8 10X6+ v 10X8+ § 10X11+ ¢ 10X14=w 10

11 X11+«a 11X10+ B 11X12=w 11

12 X124+ a 12X9+ 8 12X10+ vy 12X11+ 6 12X14= o 12

13 Xi13+ a 13X8+ 3 13X9+ y 13X14=w 13

14 X14+ o 14X13=w 14

15 Xi15+a 156X12=w 15

16 Xi16+ a 16X15=w 16

17 X17+ o 17X16=w 17

18 X18+ v 18X17=w 18

00 d O OGN

We show the fallowing matrix representation as a model of a
self-contained structure for the above first signalling equations system

1n brain.
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0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18
o [ x| [ + o o o o 0o o o o o0 0o 0o o0 0 0 0 0 0 0] [ wo
1 X1 a1 1 0 0 g 0 0 0 0 0 0 0 0 0 0 0 0 0 0 w1
2 Xo 0 we 1 0 B2 vyz2 0 &2 0 0 0 0 0 0 0 0 0 0 0 w2
3 X3 0 0 w3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 w3
4 X4 0 wa 0 0 1 0 0 0 Ba 0 ra 0 0 0 0 0 0 0 0 wé
5 X3 0 0 @s 0 0 1 0 0 Bs 0 ¥s 0 0 0 0 0 0 0 0 wh
6 X5 0 0 0 0 0 0 1 ws 0 0 0 0 0 0 0 0 0 0 0 [}
7 X7 0 0 0 0 0 0 0 1 a7 0 87 0 0 0 0 0 0 0 0 w7
@ Xs 0 0 0 ws 0 B8 rs O 1 0 68 0 0 0 0 0 0 0 o0 w8
9 Xo x 0 0 0 w9 0 0 0 0 0 1 0 0 Be 0 0 0 0 0 0 = w8
10 X0 0 0 0 0 0 @10 810 0 ¢10 0 1 610 0 0 £10 0 0 0 0 w10
1 Xi1 0 0 0 0 0 0 0 0 0 0 an 1 81 0 0 0 0 0 0 wil
12 X12 0 0 0 0 0 0 0 0 0 @iz B2 yiz 0512 0 0 0 0 w12
13 X13 0 0 0 0 0 0 0 0 w13 B3 0 0 0 1 913 0 0 0 0 w13
14 Xi4 0 0 0 0 0 0 0 0 0 0 0 0 0 w4 1 0 0 0 0 wid
15 Xi3 0 0 0 0 0 0 0 0 0 0 0 0 @15 0 0 1 0 0 0 w1h
16 X6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a6 1 0 0 w16
17 X7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 @17 1 0 w17
18 | Xis | [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 w18 1] | wi8

Herein, the «o,fB,v, 0, ¢ with index numbers shall be allowed to be
proportional constants without 0 and the v with index numbers shall be
allowed proportional constant with 0.

The system of equations are made that the — of Fig.2 shall be
assumed as mapping (primary function ).
(Examples)
The equation number 3 : X3+ a3 X2 =w 3 1s represented for X2 » X3.

The equation number 1 : X1+« 1 Xo+ 3 1X4 = w 1 1s represented for

X0

X1.
X4}_) !

The remark is that two arrows of the one — from Xo to X1 and of the
other — from X4 to X1 on the Fig. 2 are illustrated.

We will check the structure of this system of equations.

This system of equations consists of two subsystems:

(1) The input system at the number 0, and,
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(2) The transmission system from the number 1 to the number 18.

In the case without the environmentally exterior forces, we have
not the inner forces because of the interaction law between action and
re-action of mechanics that is why the (1) above is not true.

Consequently, we will check a solution of (2) alone.

The system of (2) holds 18 equations and 19 unknown terms such
that the equations are short from one equation for gaining the solution.

Thai is, the solution is not gained so that the system of (2) may be
called incomplete system.

On the other hand, in the case with environmentally external
forces, we have the inner forces because of the interaction law between
action and re-action of mechanics that is why there is a balance between
them such that the first signalling system works. That is called the first
conditioned reflexes.

(ref.4) Pavlov “20 years objective study in animal’s higher nervous
activities”

“The principal physiology phenomena of the normal effect by cerebral
hemisphere are what we call conditioned reflexes. These are temporal
connections between the environmentally innumerable factors that act
animal receptors and certain effects on the animals”

Herein, that the (1) is true implies that the (2) is true.

Adding a missing equation (1) to the (2) implies that we are able to gain a
solution such that we hold the same 19 each equations and unknowns.

Then, the system composed by (1) + (2) is called complete system.
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That results that we call a model of the “completeness” gained a
self-contained structure model.

Therefore, the first conditioned reflexes make the first signalling
system a self-contained structure model.
(Remark) Term of completeness or incompleteness by Gddel means such
that a mathematical system is complete or incomplete is equivalent to
that the system is decidable or undecidable, respectively.
And more, we will show the fallowing solution by matrix representation.
Herein, let a matrix with 19 rows and 19 columns be M and let aij
component be aij.
Then we have M=(aij ). Moreover, let a component of matrix M be a
column vector Pj.

Then we have P1=(ail).
Next, SubstA (Z) shall be defined as function that is substituted b for a

in the A.

Let the determinant |M|=|aij| and let Pj be j-column components of aij.
Then, Subst |M| (5) shall be a determinant such that let Pj be o
J

meaning oi in |M|=|aij].

Hence, the solution of the system of equations results in the notation of

Subst |[M]| <1§)>
Xji=—— I/
[M]

That is a proof figure in the process to gain the solution in case with the
initial condition Xo=w o.

11. Functions and inverse-functions (meaning act and re-act)
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G, B shall be function symbols such that represent as act from the first

signalling system onto the second signalling system.

-1
*k shall be function symbol while ¢  represents its inverse

function.

12.

13.

The G™1, B™! shall represent as re-act from the second signalling system
to the first signalling system.

In addition, the G shall de defined as Gestalt function while the §!
shall be a set-valued function.

Above denotations alone are the functions that represent as act and
re-act.

Mapping (meaning act from the first signalling system to the second
signalling system)

The B conducts in a mapping from a singleton set b={X14} to a singleton
set B= {#}.

The 4 = B(X14) can be written.

The G conducts in a mapping from a universe set X= {F} to a singleton
set W= {w}.

The w = G(F) can be written.

These mappings shall represent as act from the first signalling system to
the second signalling system.

Inverse mapping (meaning re-act from the second signalling system to
the first signalling system)

The B~! conducts in a mapping from a singleton set B= {#} to a
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singleton set b={X14}.
The X14 = B~ 1(#) can be written.
The G~! conducts in a set- valued mapping from a singleton set W= {w}
to a universe set X= {F}.

The F = G71(w) can be written.

These inverse mappings shall represent as re-act from the second
signalling system onto the first signalling system.

14. The specific choice functions “n” and “F”

The “n” shall be a specific choice function such that we can take only
one number from all the n(n =0,1,2,...,18).
Thus, the choice of 14 from n(n = 0,1,2,...,18) implies that “n” =14
can be written.
The “F” shall be a specific choice function such that we can take only
one element from all of the inner forces.
We will inform 7 such that a specific ordinal number should be distinct
from a representative of all the ordinal numbers is important.
The former shall be defined as arbitrary specification such that In(n =
0,1,2,..,18)3Xn : X “n”> = “F” .
The latter shall be defined as arbitrary universalization such that
vn(n=0,12,..,18)VXn : Xn = F.
Let us assume that Va(n =0,1,2,...,18)VXn: X “»> = F and that we can
take X “n” for a certain one of 18 in all n, then F 1is a universal
element, namely, F is equivalent to all the 18 elements.

Hence, we have 1=18. That is contradiction.

75



76

Hereinafter, we need a careful distinction.
15. Digestion function Dig(a, b)

We shall define Digestion function Dig(a,b) as follows.

{ a=>b implies Dig(a,b) = 0.
a # b implies there does not exist Dig(a, b)

Above definition alone is a definition of Digestion function Dig(a, b).
16. KAWAMURA function K(14) and its variations K(14)a and
K(14)6

We are following Pavlov in searching for modeling of how brain works in
mathematics. In the first place, we tried illustrating the Fig. 2 on
symbolization of variables by codes of brain organ names. In the second
place, we tried giving the three following character types of human in
order to adapt with the Fig. 2.

We willingly try to present this conceptive function as follows.

The definition of KAWAMURA function K(14) is like:

{K(14)} = {2,3,5,8,9,14} a set — valued function of artist type
{K(14)} = {13,14} a set — valued function of thiker type
{K(14)} = {10,11,12,14,15,16} a set — valued function of activist type

K(14)a, K(14)4 shall be the variations of KAWAMURA function.

The index a shall be defined as duration between arousal and sleeping,
namely semi-arousal.

The index & shall be defined as duration of NON-REM sleeping, being

capable of dreaming.

The definition of KAWAMURA function K(14)a is like:
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{K(14)a} = {2,3,5,8,9,14}a a set — valued function of semi — arousal artist type
{K(14)a} = {13,14}a a set — valued function ofsemi — arousal thinker type
{K(14)a} = {10,11,12,14,15,16}a a set — valued function of semi — arousalactivist type

The definition of KAWAMURA function K(14)4 1is like:

{K(14)6} = {2,3,5,8,9,14}6 a set — valued function of artist type dreaming
{K(14)6} = {13,14}6 a set — valued funvtion of thinker type dreaming
{K(14)4} = {10,11,12,14,15,16}& a set — valued function of activist type dreaming

Above defined alone are KAWAMURA function and its variations.
(Remark) Pavlov showed that there are the very three types in general to be classified that are
distinct from each of the human nervous systems. One people develop the first signalling system
better than the second signalling system (artist type). The others develop the second signalling
system better than the first signalling system (thinker type). And more, most of the people play
the role of coordinator by themselves and develop the well-balanced inter-relationships between
the two systems.

17. Pavlov function Map(14) & Mas( “n” = 14)

The definitions of Pavlov function I1aB(14) are as follows:

(1) Mas(14) = J(14) = 14 during arousal state

(2) Mas(14) = O(14) = K(14)a during hypnotic state

(3) Mas(14) = ®(14) = K(14)4 during shallow sleeping state
(4) Mas(14) = W(14) # “n” during deep sleeping state

Herein, symbols [1,{,4, B shall be represent arousal, hypnotic,
shallow (REM) sleeping, deep (NON-REM) sleeping, respectively. (A
dream is dreamed during REM sleeping.)

In addition, one thing that the symbols [], B are made of the modal

logical symbols in necessity, negative necessity, respectively is there.
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Another thing that symbols <>, are made of the modal logical symbols
1n possibility, negative possibility, respectively is there.

Above defined alone are cases of the Pavlov function.

(Remark) Shallow sleeping is equivalent to REM sleeping, and deep
sleeping NON-REM sleeping.

(Remark) The symbols [J,,4, B shall be ones of the modal logics that
has 4-valued logics.

(1) OJ(14) shall be 14 in nessecity resulting that it is 14.

(2) <>(14) shall be 14 in possibility resulting that it is ambiguous 14.

(3) @(14) shall be not 14 in possibility resulting that it is ambiguous not 14.
(4) W(14) shallbenot( “n” = 14) in nessecity resulting that it is not 14.
(Remark) The Mas(14) = <>(14) during hypnotic state has diversity so
that it is very important to analyze object survey for schizophrenia or
some other a certain type neurosis and psychosis.

All of the symptoms in schizophrenia—indifference, obtundation,
1mmobilization, drollness, and likewise—are found in which of the cases
with hypnotic state. From the point of view, Pavlov draws a conclusion.
“When studying the symptoms of the schizophrenia above said, we come
to a conclusion that these symptoms represent chronic sleeping states.”
However, we need evidences over experiences agreed with general
symptoms.

Use of mathematics in this field will be an advanced study task.
Exampll. A sixty year old lady said that the very thing I am really a child

of thirteen because I have milk teeth.
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(Matching impediment between the past and the present)
MaB(14) = &(14) = K(14)c
Herein, {K(14)c} = {5,14} may be available.
18. Matching function Mat(X14) & X14 + Dig(Tla(14), “n”
The Matching function Mat(X14) £ X14 + Dig(IlaB(14), “n” ) conducts
that
@ TMas(14) = “n” implies Dig(MaB(14), “n” ) =0 resulting
M(X14) = X14, and
@ Mas(14) # “n” implies Dig(MaB(14), “n” ) of false resulting not
matching.
Consequently,
The Matching function Mat(X14) £ X14 + Dig(ITaB(14), “n” ) shall be

defined such that we have

{ Mat(X14) = X14 implies Xmas(14) =X “2” = “F” ,and
Mat(X14) # X14 implies not matching.

Above defined alone are of the Matching function.
Next, we will be able to overview the four stages by substitution of the (11.
and 12.) to the above definition.
(1) Arousal Mas(14) = [J(14) = 14
We will gain Mat(X14) & X14 + Dig([J (14), “n” ) = X14 such that we
have X14 =X “n” = “F’ where the matching with the internal force
F results in extracting just 14 = “n” from the matching data base.
(2) Hypnotic and shallow sleeping IMaB(14) = K(14)

We will gain Mat(X14) & X14 + Dig(K(14), “n” ) = X14 such that we
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have Xxk(14) =X “a” = “F” where there is K(14) of a set-valued
including 14 implies that
(a) when it comes to forming { “n” } = {2,3,5,8,9,14} we will gain the
ambiguous artists matching.
(b) when it comes to forming { “n” } = {13,14} we will gain the
ambiguous thinkers matching.
(c) when it comes to forming { “n” } = {10,11,12,14,15,16} we will gain
the ambiguous activists matching.

(3) Deep sleeping MMas(14) = M(14) # “n”
We will gain Mat(X14) £ X14 + Dig( m(14), “n” ) # X14 such that we
have Xmas(14) = Xm(14) # X “»” = “F’ where there is not a matching
to exist in this case.

19. Fixed point theorem on the matching function

Let function f(x) be f(x) = x then x is called a fixed point of the
function.

(1) Arousal case
Let the matching function be Mat(X14) = X14 + Dig((J(14), “n” ) such
that we gain Mat(X14) = X14 + Dig(14, “n” ) then 14 = “n” implies
Mat(X14) = X14.
Consequently, 14 = “n” implies that we show Xi4 is a fixed point.
Therefore, there exists a fixed point theorem for Mat(X14) = X14 to be
seen.

(2) Hypnotic case

Let the matching function be Mat(X14) = X14 + Dig(<>(14), “n” ) such
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that we gain the possibility to represent
Mat(X14) = X14 + Dig(14, “n” ) then the possibility of 14 =
“n” implies we show the possibility that X14 is a fixed point.
Therefore, there is possible of a fix point theorem for the matching
function.
(3) Shallow sleeping case
Let the matching function be Mat(X14) = X14 + Dig(#(14), “n” ) such
that we gain the possibility not to represent Mat(X14) = X14 +
Dig(14, “n” ) then the case is the same of the ambiguity with the (2)
of the possibility to represent such that we gain the possibility of
14 = “n” as the possibility to be Mat(X14) = X14.
Consequently, X14 is possible of a fixed point.
Therefore, there is possible of a fix point theorem for the matching
function.
(4) Deep sleeping case
Let the matching function be Mat(X14) = X14 + Dig(M(14), “n” ) such

<

that we gain M(14) # “n” then Mat(X14) # X14.
Consequently, this matching function does not hold any fixed point.
Therefore, we do not have any fixed point theory in this case.
20. Self- consciousness
Let the state of absent consciousness be defined as the case of not

working matching effects at all then it is equivalent to Mas(14) = “n”

instead, namely the same pattern with the deep sleeping case of the 14.

).
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Consequently, we have IaB(14) # “n” < MW(14)# “n” .

In due course have we examined that there is not any fixed point in
the state of absent consciousness because of Mat(X14) # X14 in the above
the 19.

However, where there is consciousness even in vegetative state of a
human there is some fixed points.

Considering from the viewpoint of the relationships between
consciousness and fixed point, Mat(X14) = X14 implies the meaning of
both being its fixed points and working its matching effects.

Let the matching effects be defined as consciousness effects then
Mat(X14) = X14 implies the X14 in itself will be aware of itself as a matter
of course.

The X14 places in Broca’s area and its recursive relationships shall
be defined as self-consciousness.

The fallowing results are made that
(1) Distinct self-consciousness implies arousal case.
(2) Vague and ambiguous self-consciousness implies hypnotic and
shallow sleeping case.
(3) Lack of consciousness implies deep sleeping.

(Remark) Herein, we can analyze self- consciousness because that

we can find it for its fixed points. However, the consciousness itself will

not be able to be analyzed by this nervism alone.

21. Are there fixed points in brain?

That self-consciousness is equivalent to the fixed points for the matching
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function results in that self-consciousness does exist, vaguely exist, does

not exist by the states of circadian rhythm and homeostasis.

Consequently, there are four fallowing aspects:

(1) Arousal case has the existent necessity of fixed points in brain.

(2) Hypnotic case has the existent possibility of fixed points in brain.

(3) Shallow sleeping case has the non-existent possibility of fixed points
in brain.

(4) Deep sleeping case has the non-existent necessity of fixed points in
brain.

22. Matching equation

Let F = Mat(X14) be matching equation.

The solution of the matching equation shall be “F” = Xi4.

In this solution, there exists fixed point theorem of the 19.

Then, that is with arousal and both hypnotic and shallow sleeping
where there is the necessity, possibility, respectively to hold a solution of
the matching equation.

That is with deep sleeping where there is not a solution of the equation.
23. A system of linearly primary equations of the second signal system
by the second conditioned reflexes
At Wernicke’ area @ and Broca’s area situated in the center of the

Fig.2 and the Fig.3 we can find as follows:

®—w

We shall consider an arrow that has both right and left directions
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to be seen above as the composition of the — and <« .

Responses of the linguistic nervous system of Wernicke’ area @)
and Broca’s area acted by the first conditioned reflexes implies that
the second conditioned reflexes occur in the w,# second signalling

system where we have the two following mappings derived from 12.

{& = B(X14)
w =G(F)

Herein, there are acts from the first signaling system onto the

second signaling system in the higher nervous activities.

Then, & - w implies w + 7 1& = C;.
In addition, w — & implies & + n ,w = Ca.

Herein, 7 Ny C, , C, are constant.
Let these be the following set of equations.

w + 7’]1/5':61
n2w+/@=62

The solution is

_ C1—Cz 1 1 C2—-C11 2

and & =

1=y, 17771772.
Consequently, we gain

_01—62711_ 1

w
P g Cz—cl n 2 ’WL'

That is transformed to

1
w = —4b.
m

Therefore, we have the fallowing.
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1 1
F)= —46=—BX
G(F) = — 6 = —B(X1)
The two mappings of G and B represent as act from the first

signaling system onto the second signaling system.
As focus on this equation G(F) = %l& , we will take an
inverse-function.

That the expression ¢ = %x conducts that of x = %fy will make

the inverse-function ¢~ ' = %x‘ !'such that we have F = mG~1(#).

This equation F = mG~1(#) makes F represent a universe of
X0,X1,X2,...,X18 as a whole and the very same equation F = mG~1(#)
shall represent as linguistic conditioned reflex equation. Herein, we call
the G71(#) in the right side of the equation “linguistic-base signal”.
Thus, the equation implies that the linguistic-base signal re-acts
the first signaling system.
24. An advanced principle on the higher nervous activities

We will show you a process by which a second signal output equation

shall be conducted from the linguistic conditioned reflex equation.

(1) There exists the linguistic conditioned reflex equation F = mG~1(4)
for all external forces.

(2) Then, we gain F = Xn = m(n)G~1(#) for all external forces.

(3) Let a matching expression F = Mat(X14) substitute to the above
equation.

(4) Then, Mat(X14) = m(n)G~1(#) is reduced from the matching equation.
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(5) The matching equation shall be solved where there is X14 = Mat(X14)
for the fixed point theorem.

(6) Consequently, X14 = Mat(X14) = m(14)G~1(#) is resulted.

(7) Thus, we call X14 = m(14)G™1(#) the second signal output equation
that we gain.

(8) And let X14 = m(14)G~1(#) substitute to it, then
X14 = m(14)G1(B(X14)) is resulted in the fixed point of
selves-consciousness, namely being confirmed X14 = f(X14) in the
Broca’s area.

(9) An equation of the advanced principle on the higher nervous activities
is stated to be reduced to X14 = Mat(X14) = m(n)G (&) =F or

B~ (&) = X14 = Mat(X14) = m(n)G~ (&) = F = G (w).

By n = 14 the equation of n is solved. That is why the second
signal output equation is reduced. This equation expresses re-actions
by the second conditioned reflexes.

(10) The expression shall hold the necessity to exist during arousal, the
possibility to exist during hypnosis, not to exist during shallow sleep
and not to exist during deep sleep.

(11) The above all alone are the advanced principle of the higher nervous
activities.

(Ref.5) Pavlov abbreviation of the statements at the soviet science
academy, 1932

“Herein, an advanced principle on the higher nervous activities

(abstraction of a lot of signals in the first signaling system — and at
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the same time generalization) is held, on the other hand analysis and
synthesis on the advanced generalized signals are held...”

25. Set-valued linear algebra

The discussion (on the above 22.) will make us take up the following

set-valued linear algebra.

A differential equation % = — 7 1s solved to an indefinite integral

4 + nx = C where there is C un-decidable.

Let n=0,1,2,...,18 and let F be universe of Xo,X1,X2,...,X18 as a whole.

A set of equations (Xo, X1, X2, ..., X18) is like
a6 _ o ~
= 1, resultingin G(F) + n 1{? =0

aé S —
6@ = ", resultingin &+ ,G(F) =G,

That implies a set-valued linear algebra.

The above set of equations will be represented as the following linear

algebra.
1 n 1 (g(F))=<Cl)
n, 1 i C,
_ (1 _ [(n _ (&
Hereby, let V1= . , V2= 1 , K= (C’) and let
2 1 2

()
A= Y=(v1 v2).
n, 1

1
Then, we gain A=( 11)=(V1 V2).
n 2

Next, we define Subst A (Z) as a substitution function of a to b in A.

This is also a function stated in the following (Ref.6 ).
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(Ref.6) Godel “On formally undecidable propositions of Principia
mathematica and related systems I~ 1931 ppl152-153 COLLECTED

WORKS Volume I OXFORD UNIVERSITY PRESS 1986

Thus, we gain the two followings.

K\_ 61 n 1|=
Subst |A| (Vl) A IR
1 ¢
K\_ 1|_
Subst |A| (VZ)— oG,

Consequently, we gain the two followings.

e, 1 ¢
G(F) = substAl (o) _|e, 1] _Ci-€2n, 5 o St Al (o) |0, el _e,en ,
Al 1o, 1=y, |A] 1o, 1-myn,
n, 1 n, 1
From these we gain
K K
Subst |A] (Vl) il - Subst [A] <V2)
G(F) b
Resulting in
subst [A] ()
Gg(F) = b

Subst |A| (\;(2)

Hence, we gain the following.

From ¢ = %x resulting x = %/y) implies ¢~ ! = %x‘ L'such that

we have in general to be stated as
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Herein, let (%) be written as m, then we gain F = mG~1(#).
1=C2714

The F in the equation F = mG~1(#) shall represent as universe of
X0,X1,X2, ...,X18 as a whole. The equation F = mG~1(#) shall be linguistic
conditioned reflex equation.

The G '(#) on the right side of the equation is named

linguistic-base signal by 22.
Section3.

Why G~ 1(#) is named linguistic-base signal?

How is the linguistic-base signal G~ !(#) in the second signaling
system produced in social community life?

We wonder if our language generates for social life such that we
communicate with each other using primitive one of gesture, sign, signal
voice for necessity of reproductive behavior, hunting or farming, namely
corporative labour and elaborate one of abstract higher signal form.

We will show you the following example in order to study.

Let the second signal # be a specific linguistic formula “taking a good
wife” Y, then the social linguistic-base signal G~1(Y) is discussed.

“Snow Country” by YASUNARI KAWABATA, Japanese novel prize
awarder (Ref.3) includes that a good piece of Chijimi linen comes to forming
a “taking a good wife”, where there is OJIYA Chijimi in the book “Snow

Country Tales” by Suzuki Bokushi.
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For each piece of Chijimi weaving in the market there is a paper tag
written by weaver’s name and address. The piece of Chijimi is appraised.
“With prizes awarded for the best pieces of weaving, it came also to be

sort of competition for husbands.” (Ref.7) YASUNARI KAWABATA “Snow

Country”

Let Xn to be the appraisal quality of the #n-th piece of Chijimi with
paper tag in weaver’s name and address.

(The appraisal quality shall represent as real number order.)

Let Y to be preference for taking a wife or competition for husbands.

(The preference shall represent as real number order.)

Let G(Xn) to be represented by Geschtalt function in the Snow
Country community.

A cognition model of the community shall be made by substitution of

4 in the second signaling system in brain to Y in the community.

GEM) +n Y=r_ .0

in

Y+ 7 ZQ(X/I'L) =Kk, @

The equation (D that represents Y—G(Xn) at the standing point of
woman shows a desire to be better competition for husbands in spite of worse
quality of Chijimi product.

The equation @ that represents G(Xn)—Y at the standing point of
man shows a desire to be better appraisal quality for taking a more beautiful

and good wife.
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This set of equations is solved such that we gain Xn = m(n)G=1(Y)
for all n as is concerned at the (23. and 25.) of section 2.

From this solution, the left side of expression, namely quality of
Chijimi, i1s a product that real number s multiplied by the social
linguistic-base signal G™!(Y) on the right side of expression, namely
preference order on real number line.

Hence, the quality of Chijimi is a form of representation by the
linguistic-base signal for taking a good wife.

(Remark) In addition,

Section4.

91



92

5-4. KB — KIM BB ER > RN E OB/ —F v b

T id, ZOMEHIY —F% v MEIBEOBRICE W THERN 2 E8T5TH S

-

Do

ZORFLRMEIT, B TERETLITHA I,

IR

%%k 6a  Cortex—Basal ganglia—Thalamus

LT

I . Motor system loop (pink, yellow), II. Association system Loop

(blue). M. Limbic system loop (green) IZOWTOIE 25tk L CH< Z

L4 5, (Figures DEEDH V)

A diagram showing basic relation between the cerebral cortex, thalamus
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and cerebrum --

I. Motor system loop

1) Sensory-motor loop

sensorimotor area—putamen—external(e) and inner(i) segments of
globus pallidus(GP)— VLo —motor cortex
2) SMA-proper loop
supplementary motor area (proper) —putamen— medial part of
GPe/GPi — medial part of VLo — SMA-proper
3) pre-SMA loop
pre- Supplementary motor area —latera; part of caudate nucleus—
middle part of GPe/Gpi— lateral part of VApc— pre-SMA
4) PM loop
premotor —lateral part of CN— dorsomedial part of GPe/GP1—
medial part of VApc— PM

5) Eye movement loop

Frontaleye field”supplementary frontal eye field—central part of

CN—pars reticularis of s, nigra— VAmc,MDpl —frontal eye field

II. Association system loop

Frontal and parietal association cortical areas—large parts of CN and

anterior part of putamen— substantia nigra and GPe/GPi — MDpc and
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part of VAmc —association areas

. Limbic system loop

Limbic cortex/amygdala * hippocampus— ventral striatum— ventral

pallidum— medial part of MDmc—limbic cortex

R & RIMBCE & O OIS EfRERIES, KKhl LT, O&FE#R, OHE%,

@R DN —T N5, (JIFr, 2007a 47Z5; Alexander 5, 1986, ZHR)

Circuit loop : Cortex — Striatum — thalamus — Cortex

Kt R — A — R — RIMBLE DV—7

I. EERL—7

1) EBRERL—T

HTEE) B W WA BN Wi — VDo —iEE)E
2) [EA L EEE (SMA-proper) #/L—7

SMA-proper —##%— GPe/GPi OH#— VLo HIIli#i— SMA-proper
3) i IEEEF (pre-SMA) R —F

pre-SMA — 2R %(CN) DAMAEE— GPe/Gpi D FFREIE— VApe DIMUlE— pre-SMA
4) ERTEEPEM) R—7

PM — CN O4MilE— GPe/GPi OEAIER— VApe OPWNAIE— PM
5) MREKEFH RN —7

ATEAAREF, /2 AT IRE — CN O ii— FVE M — VAme,MDpl —ATERAREF, /i /2 AT EFIR
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BEEE A B HETEE S8 — CN O KE4s & 3 ORiE— SNr 1 L U GPe/GPi — MDpe & —

RKBUE - RIS - RS — IR A — IR ER— MDme PRI —i0ix5CE

Cerebral

Suppl. Mot. gorse

Neostriatum
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Limbic
(Hippo, Amy)

DA, 5-HT,ACh

Tectum

AC 7 SC Cerebell

PPN

ERRES

DA: Dopamine, 5-HT: Serotonin, Ach: Acetylcholine, Glu: Z /L& 3

R,

GABA: F /N, Acc:flAi#%, Amy: JRPKIA, Bg: KRIMELEEEZ, Cx: KM

BUA.

Hippo: 85, Hypoth: K F#B. PPN: G #¢#54%, Raphe: #&HRE%,

SC: kE.

&S0
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Motion Sensation

Cerebrum

Thalamus

~t \‘/‘,ﬁ

Substantia nigra

I . Motor system loop (pink, yellow)

II. Association system Loop (blue)

M. Limbic system loop (green)
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FEHOEENH DN, BFHET VE FICHAT D

SZ%&¥ 15 Model of the functional brain = = = JIIFH—3 v k Circuit (RHER)

We are going to arrange the followings. 100719

A round trip model

cerebral cortex(Gi), basal ganglia(Gs), thalamus(Gs) % [8] 5 neural
curcuit D[,

091211 fHir

We define F(x)=x as fixed point.

Let F be (F4F3F2F1) ,and then we can think of the following
equation F4(F3(F2(F1(x))))=x as F(x)=x .

Suppose the 4 dimensions in Hilbert space, and we will be

able to illustrate a 2 axis in order to draw x and y axis that makesy

f (x) or, m (y | =n | x) that may make a sense of (y |

x) = 0 used by Bra and Ket Vectors in Dirak’s Quantum

mechanics.

A remark will be made that we do not know if F shall constitute an

inner product, but an assumption such that the mappings satisfy
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Baillon’s nonlinear ergodic theorem by which we shall try to apply
later on is one thing and the assumption such that the mappings

attribute with inner products is another.

There are 4 vectors; a,b,c and d such that responded 4
mappings -

a—b—c—d—a come to composing a round trip

A three circuit model

We denote three circuits G1, G2 and G3 by cerebral cortex,
basal ganglia and thalamic nuclei, respectively, and x, y, z and w by

emotion/olfaction, cognition, motion, active will, respectively as well

such that

Gl=(x1,yl,z1l,wl) ... cerebral cortex,
G2 =(x2,y2, 22, w2) ... basal ganglia
G3=(x3,y3,23, w3) ... thalamic nuclei.

Thus, we can show the fallowing image such that

G1—F1—G2
G2—F2—G3
G3—F3—G1.

101



102

Presentation of Bra and Ket vector by Dirak’s quantum mechanics

We can show the following equations concerning the three

circuit model using the bra and ket vector such that

F1=F3 (F2 (F1)) = <G1, G2> =x1x2+yly2+z1z2+wlw2
F2 = F1 (F3 (F2)) = <G2, G3> =x2x3+y2y3+2223+w2w3
F3 =F2 (F1 (F3)) = <G3, G1> =x3x1+y3yl+z3z1+w3wl
<Gl,G2>+<G2,G3>+<G3,G1>=0.
If you take Bra Vector for <f| = eix =cos x — 1isin x and
Ket vector for | f>= eix =cos x +1 sin x, you can easily get the inner
product such that <f | f>=<f, f>= cos2x—i2sin2x= cos2x +sin2x=1
that is a real number.
A remark is made that < « | B > is different from | 8 >< «
| by applying greater than 1 dimension (reference is made to REF1 in
the next page).
We can say the case with the inner product being 0 as
orthogonal that is why we take up Hilbert space.

The illustrations are shown like these.
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F=F(F,(F))=<G,G>
=X XY YTz,

Cholin  \ AR i oo™ T T~
5-HT _
. Motion = ~

Dopamin .7 L - . s N

' \
’ ‘ _ - ~Cogriitiqn * \

Z, - A \
/ G1—(x1,y1,z1,w1) ) '

Hippoc
Amygd
Fi=F,(F,(F}))=<G,G>
=X3X1+y3}’1+zsz1+ W3W1
Cerebell

F=F,(Fy(F;))=<G,Gs> .
Brainstem

=X2X3+y2.y3+2223+ W2W3
<G,,G,>+<G,,G,>+<G,,G,>50

Cerebral

Suppl. Mot, corte

Neostriatum
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O <al| B> =ac+hbd

O | B><a |

Cerebrum

5

Basal "G
ganglia\@

Su

The later two illustrations that are made by Dr. Kawamura

shall be applied with mathematical models.

An analogy of the circular formula of reproduction in Marx’s “Das Capital” for the three circuit

model will conduct to Baillon’s Non-linear Ergodic theorem.

The Marx’s formula G — W — G would be of interest.

ca- cb

da db

Substitute W for F and we have in a round trip way such that

104



105

G1—F1—G2
G2—F2—G3
G3—F3—G1.
That 1s like Dr. Kawamura’s illustrations. That is amazing.
F1+F2+F3=0- - @
implies Marx’s turn over G—G with /JG=0 ( no profit ) .
F1+F2+F3#0 -« - ©@

implies Marx’s turn over G—G with /G +# 0 ( some profit ) .

In case with @O F1+ F2+ F3= 0, let the average ( mean )of
G1, G2 and G3, then the index number shall be recursive with each
three-time numbers. Thus, we have
M3=1/3 (G1+G2+G3) =1/3 (G1+F1G1+F2F1G1)
M6=1/6 (G1+G2+G3+G4+G5+G6)
=1/6 (G1+G2+G3+G1+G2+G3)
=1/3 (G1+G2+G3) =M3.

Therefore, we have M3 n =M3 where there is a fixed point
concerning 3n, however G n does not converge to G when n is infinity

owing to a round trip concerning Gn.

In case with @ F1+F2+F3# 0, suppose FF be F1=F
2=F3=T, then we have F2F 1="T2 that make the above case
applied by Baillon’s Non-linear Ergodic theorem with taking x for G

accordingto G1=G, G2=TG, G3=T>G, G4=T?G (thatisa
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turn-over of G1) .That is why we have
MnG=1/n (G+TG+T?*G+=+ « +) .

That is seems to us as MnX=1/n(x+Tx+T2x++ + - - Trlx) €C
that has weak convergence deducted by the theorem and that has
fixed point set of mapping T (namely F ). The mapping shall be a
non-expansive one of a non-empty closed convex subset C into itself of
Hilbert space.

The theorem is apparently shown in Wataru Takahashi’s
textbook, where we substitute M for S, such as

MnX=1/n(x+Tx+T2x+ + « « « Trlx) <C

n—oco, MnX=1/mXk=0~n— 1Tkx weakly convergent, + + « - -

when
T—F,
MnG=1/n (G1+G2+Gs++ + + - +Gn)  +++=x
=1/n (G1+F1G1+F3Ga+F3Gs+ + + « +Fn_  Gn_,) ,

S FoGo= F2 F1G1= F12 G1, F3Gs=Fs F2 F1 Gi1=F13Gy, = ¢ = ¢+ -
=G1/m (1+F1+F24F 3+« « « « - +Fn 1) eC.
MnG=1/nXGFkx, (k=0~n—1) or
=G XFkx, (k=0~n—1)

covergent weekly and have a fixed point.

conclusion

That may be to say that we have an equilibrium point in our
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brain.

ZDEE AWILZER (B L FERO 4k0E) TE AN, 4EOR
T D 2Dt EY H LT,

xEE vyl TUE, y=1 (x) EFET,

(e my|=n |x) ET4TvIETFNFEOTITIT FL L
ry b7 MATENE GRS LEZETTYL)

482 abcdeb, KMT—EYT5DT, a»b—ec—>d—a &G40 4 A

HYET,

1) X, BRIICF BNENE D A TH A0, =/va— RiEs
DD SEO X 9 2B (mapping) ZIRETHD L. FRNE
(inner product) THHMNE I NERET DT & & OREBERIL,
FEIZ 7200,

G1—F1—G2 ;G2—F2—G3 ;s G3—F3—G1

X . emotion/olfaction
y : cognition
Z . motion

w : active will

W Eh R (wave function ? ) ; ME[RVKSCZE /] (infinite space dimension)%
% 2 5, '+ J7% (quantum mechanics) . # B 4% (distribution and
hyperfunction). Heaviside B4k (Heaviside function)

Bra Vector <f| = eix =cosx — isinx

107



108

Ket Vector | f>= eix =cosx +1sinx
WNiEZE & 5 & <f| f>=<f, f>= cos2x—iZsin2x= cos2x +sin2x=1(F% R

LR D)

Incase =0 72&. [EA%(orthogonal) & 725, Hilbert space & LT

NFEME 2 D, EARTHEYE S, Banach sp. TIXNEENR 720,

KREEZDF o E—H < THLWER
LU EDBLINSH G 72 X908 RIMELERZ T, KRIHT B . R R, MR

— XU REDEEILRE NOENGE R T, A, EE) (RREIRYIEED) | BEAR BB REDTIE
FRERE | 2B 90 L THERMEZ D560 05T, Z2BREAHOHNIZE S8 T D,
R ERE DT E T R E ARG (A9) RO ERIERE AL & L CRERIEE B AR I BAGRL |
fitl 5 . REAER X P iM% R — "X (A10) R O 2R FERERAL & U TS PRk IR SHICH
IR FERE SN TIIIF R DA L TODE LIRSV TET,

2236 BRI AT TESRAERIIT D 22K &b RIM BB SR D7 NV ZIU TR AR (£ D
ZARRIINMDAS A7 T, BHRZEE IR A A DIRENZ D) DL DOERE H DR — 33

TEBIME (Z D AKIEDL, D2 2 —7"C, BRRZEERRI A A DRI H D) DL OB 5,
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INBD AN %% T TGABA AEEIWEDIHIME S = 2 — U PR =2 —r B LOKIK
FEIEAZ I DV A N AR S T O MR R (< %L B JEJEKEZ nucleus basalis of
Meynert, 7 @ — % O %t f 4 diagonal band of Broca, 4 B substantia
innominataZel’) MOV AEEE =2 — A HRE R Z 5 2 CD, LT, ZIHOH
K==y BRORMMEE =2 —r 4%, EHICIRSRMBEICHBE O )2 52T
B, 7 4—R WK A OB E 2L THD,

EBIZ—F T DL, PRI (Va7 awrrona R —) OER S REY
B OZHNR) LB BT T VB E T EMAE T O EOR R BRI T, ek
FRIELZ 33T D15 B ALER e B R — R 7 L & —HE BE R 2t (thalamic filter hypothesis)
—D =V U BIZE S TEIRB SV TA L [Carlsson and Carlsson , 1988] ., ZORGEIZIZL,
BAEDHRERL L OHEHR D _EITNL THBERISNDRE RS E VDN KINEE — KRIMELEEL
— HAIR — KR B &) TRFIR A it el () D72 TIF s B EES NS EL T
164HANIHE & FFTE R E A RAE 2 7o /i3 BTl T 2,

BI{EDVOIE, RIMELER 20 < SR B2~ — AT LT RE TR RE 203/
VIR DWW T OEEN TR [72E 21X, Parent and Hazrati, 1995a,b ; Graybiel, 1997; Mink,
1999; Hikosaka et al., 1999, 2000] |ZHiF 5L N TESD, AU 57 B 4 X il
DFAFLEUTIR, KW CHT) BOE DR ST 2017 2 R L skt (IR DR (AR Tl & 13
FEO THMRIRLIFITND) 3O AN 2T DA R GAEIENE L2 XS D) 2bid, H
IROEENEZ (VAIVL) ~$ 5 D38 DA BER NI REC BRI RRAZ (M8 LB T SRR 7 ¢
— R ZERIZEGT U CRAEE A AF > TOD) IZH IS 2SI TV D R TH AD, EIZZOR
PR 13 AT PEREAR ARHRTE 52 (ascending reticular activating system, Moruzzi and Magoun,
1949) DRI I3 1T D HHEEZITAR 2 L BRI KN BB ISR R BRI S i VD BRI
PR EL TG 5 b5 [Masson et al., 2002] .

RIMHEERE OB REZ JO AR 3 E, LT DI85 9, 37205 EEIRIC
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BNTH, HERICEBWN T, SHITITRF-FERITIBN TS, RSB LOENHOHITK
X DB ECTREE AR AN ELIEL, 2 ha— L U CHEIERREEREZ D, FTiE LI
REENMEMSRE DS CHHRTIAEZTE LS D LIl o T ERELICERS B 2 D1 TH),
AIGICBWTHEEAER THZLICREEET 20D B biLd, ZOMEMATNTKT 58
HlBRE RN L7 2 —HEREDNME E SN D L MEL IR AT U CIBIR 5 Z LN TER7R0,
WL TR A AP CE | ZOREREL CTREEIEREME T L., B ITELN T, Ard7e 8
ERAELDZLITH 2D, A A IFHIE O RBROMENT A B f5 3., B /e il a8 2 74

FEMNEFEND,

0000000000000000000000O000O00OO

7INigd

ZEGE 24 NKBEFESR

Kig - /D —7 BEE EEERE
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Organization of the cortical association areas and mutual correlations between the
cerebrum and the cerebellum

The cortical association areas develop as the animal becomes higher,
expanding in areas and relative proportional areas within the cortex
increase. From the entire cerebral cortex, including the sensory, motor and
association areas there are large projections , via the pontine nuclei and the

inferior olive among others, to the almost entire parts of the cerebellar cortex.
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by means of projections of mossy and climbing fibers. Topographic
correlations of the mossy (4,5, 17 as well as the climbing (3,9, 10,16) fibers have
been studied in fair details(Figs. 4&5). There are also topographic
relationships in the projection from the cerebellar cortex, via the thalamic
nuclei, to the cerebral cortex. As concerns the reciprocal (mutual
correlations) connections between the large and small brains, as they are
commonly called, it is elucidated by Sasaki (28) and his collaborators that 1)
the lateral region of the cerebellum is related to the prefrontal, the premotor
and the lateral part of the motor area, while 2) the intermediate region is
related to the entire parts (particularly in the intermediate area) of the

cerebral cortex (sasaki, ref. 28).
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i %

In Cerebellum new info and old info. Changes the route

Conversion of neural circuit from the cognitive to motor co-ordinate axis (stream of
impulses).

Routes of new/novel stimuli (shown in red) travel from the posterior lobe of the
cerebellum—thalamic lateral nucleus —posterior association area—prefrontal cortex—

anterior part of the striatum —thalamus

Routes of repetitive/used/accustomed stimuli (shown in blue) travel
from the anterior lobe of the cerebellum — thalamic medial nuclei —
supplementary motor area — middle part of the striatum — thalamus.

(Kawamura, 2009)
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The cerebellum as organs of movement and throught

HEBFOBRB L OKRK - /NEF O AEER B L OBEEEE

RGBS I, B S LI R - THET D, SEEBRICBIER L, BEREI SO 5EE
HEKRT D, RIMZEORKTEE, @kiERE, EEH L2 S AHMAOHEEN S, BB L OTA ) =78
ZARE LT, A x BB J O ERHEDS NN BB O IR WBEIRIC IR 23T e b T D, & DR BRHE
Bt 4,5,17) 36 LUV LHRMERSS 3,9,10,16) DRERR (K4, M5) HFNLATH D, HREZMT
T H/INEEEE D B RIME~DO G S RBEERBD HiLd, T O/NK - KRB L— 2B LTk, /b
Jibd 22 R SMAIRER 12 B O TEBY BFAMAIES . EEN TR 4 L OHIEHATE & ORI, M. /N RN B
BOEER (& <ICZOPHEE) & ORMICHEBENFET 5 Z L 23 Sasaki 28) 1L - THLMMZEh

72

The cerebellum has recently been paid much attention as functioning
recognition, language function including the thinking (or thought), in
addition to (long been throught) the regulation or modification of the motor
system. In a broad sense, the cerebellum is concerned with the inhibitory
function of the mental activities.

Although the various spheres of cerebellar control are to some extent the tasks of
different parts of the cerebellum, the machinery they employ appears to be essentially
identical. In recent years the idea of the cerebellum as a “learning machine” has been in

focus. If so, it might be imagined to be of importance for all kinds of learning.
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In the Behavioral Sciences in 1986,-Leiner and Dow from Oregon have
published an article entitled “Does the Cerebellum Contribute to Mental Skills?”
(Behavioral Neuro-Sciences, vol.100, 443-454, 1986) and discuss this problem.
Neurosurgeons have noted that stereotactic lesions of the most lateral parts of the
cerebellar hemisphere in man do not give rise to detectable motor disturbances, as one
might have expected. The authors point to the fact that in man the cerebellar
hemispheres and particularly the lateral part of the dentate nucleus are more developed
than even in anthropoid apes. This lateral part is histologically, embryologically and
histochemically different from the medial part. Several anatomical and physiological
studies in monkeys and apes indicate that fibers from the dentate nucleus supply
divisions of the thalamus that project to the frontal association cortex. Scanty evidence
from human studies seems to be in agreement. The authors studied a patient who had a
lesion of the lateral part of the dentate and found that there was a defect in his capacity
to respond to anticipatory clues, in addition to the defects in performing motor acts
correctly. As they phrase it: “the ideational manipulations that precede planned
behaviour were suffering.” The findings made concern only effects on the planning of
motor functions. To discover whether the cerebellum is of importance for the learning
and performance of purely mental skills, will be a difficult task, particularly since the
studies will have to be made on human beings. It is not inconceivable, however, that by
using appropriate psychological tests and tomographic procedures. [(MRI, PET, rBF)]
demonstrating areal differences in blood flow and metabolism some information could

be obtained.( 22)

NBITEB O FRE - FIEIZBIS T 2 ORI L Y R - BEEZELEHKE. OV TR D)
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FEREDHIEEENC b B » TWA Z EAER SN TW5S, [/ mental skill ICEHBRL TW50 2] &
BT A0 % 20 ERTICH 3 L7- Leiner © 21) 13, b M EREZSMART OB ERE AT 3B\ T fTEI A 31 L,

ITNEBEL L TETTDIEIDARTHENNELIIETLTND Z & 285 LT, &iTiX. MRI, PET, rBF
o IREER & IZHRZEDSMARTOHRIR

URFTHIMGR) 72 E2EH L TERERA A — V2 BB AERIC

RS LTS Z ENIFHEN TS,

The cerebellum revisited

Cerebro-cerebellar communication loop

Control-system modeling

Feedback control

Forward model
(MPC)

7 L PG Model Predictive Control
A & #lf  feed-forward reduction of motor variability GEHf)4) )

Feed-forward space-code associative learning of the cerebellum (Fujita)

bellow | aciEZ R SCHER

[See Eccles chap Ito in part |
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4.4, Modeling cerebellar circuitry

Network modeling, as initially undertaken by Marr (1969) and Albus (1971), is essential
for conceiving operational principles of complex neuronal networks in the cerebellar cortex. On
the other hand, control system modeling is essential for conceiving the operational principles of
neural systems involving the cerebellum and extracerebellar systems (for review, see Barlow,
2002). The control system modeling of the cerebellum that was inspired originally by
experimental findings has now far exceeded our present experimental approaches. The
hypothesis that the cerebellum provides forward and/or inverse models of controlled objects has
successfully been applied to produce a robot that acquires a motor skill by learning. Even though
engineering realization by itself is a kind of verification, we are still far from confirming the internal
model hypothesis in a real cerebellum. Thus, cerebellar researchers look forward to determining
how internal models, forward and inverse, are computed within a real cerebellum! Bottom-up,
realistic (experimentally based) modeling also has merit. It reproduces in a computer the
behavior of a single neuron or a small neuronal circuit on the basis of knowledge of the cable
properties of dendrites, activities of ion channels and synaptic receptors, and inter- and
intracellular signal transduction (De Schutter et al., 1999). Indeed, all the updated knowledge
presented in this article concerning cerebellar circuitry at the molecular and cellular levels can be
incorporated into realistic computer models. These three types of modeling approach mentioned
above are complementary to each other and conjointly they should lead in time to more complete

understanding of the operational principles of the cerebellar neuronal machine.

4.5. Cognitive functions of the cerebellum
Leiner et al. (1986) proposed involvement of the cerebellum in cognitive functions on the

basis of the evolutionary development of the cerebellar hemisphere associated with the
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expansion of the cerebral association cortex. This view has been receiving more and more
support from recent anatomical, brain imaging, clinical, and modeling studies (see Schmahmann,
1997). Recent virus mapping in monkeys has revealed the topology of function in the dentate
nucleus (Dum and Strick, 2003). Projections to the motor and premotor cortex originate from the
dorsal portions of the dentate nucleus, while projections to the prefrontal and posterior parietal
areas of the cortex originate from the ventral portions of the dentate nucleus. The anterior
intraparietal area of the posterior parietal cortex also receives projections from a broad area of
the dentate nucleus (Clower et al., 2005). Purkinje cells located primarily in Crus Il of the
ansiform lobule receive inputs from the prefrontal area 46 and project to the same area 46 (Kelly
and Strick, 2003). This implies that a closed cerebrocerebellar communication loop is also found
in the prefrontal cortex, thereby supporting the hypothesis that the cerebellum provides a forward
model for mental functions of the cerebral cortex. This is analogous to the interactions of the
cerebellum with the motor cortex for the elaboration of voluntary movement (recall Fig. 7). The
internal model hypothesis has been expanded conceptually to apply to cognitive functions such
as thought (Ito, 1993b, 2005). This capacity can be considered to be a manipulation of mental
models that are small-scale models of reality. These may be used by the mind to anticipate
events requiring reason and an explanation (Craik, 1943). One may suppose that in thought, a
mental model of an image, idea, or concept is formed in the temporoparietal association cortex.
In a later stage of thought, mental models already formed are manipulated as the controlled
object by the prefrontal cortex as the controller. The prefrontal cortex manipulates the mental
models, just as the motor cortex moves body parts during voluntary movements. In an even later
stage of thought, the cerebellum copies a mental model to form an internal model. Thus, thought
proceeds with the internal models of the mental models as the controlled object. Because the

processes occurring in the cerebellum do not reach the level of awareness, the internal model
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hypothesis explains how we become able to conduct movements and thoughts unconsciously
(automatically yet skillfully) after repeated exercises. For example, an idea pops out even without
an obvious conscious effort to think it out! This hypothesis also explains diverse psychological
and pathological mental experiences such as delusion, hallucination in schizophrenia, and lack
of sympathy to other persons as being caused by an impairment of a cerebellar internal model

(Frith et al., 2000; Blakemore and Sirigu, 2003; Ito, 2005). The cerebellum may thus
govern a large unconscious part of our mind. An interesting recent report on premature infants
showed that unilateral cerebral injury is associated with a significantly decreased volume of the
contralateral cerebellar himeisphere. Conversely, a unilateral primary cerebellar injury was
shown to be associated with a contralateral decreasae in cerebral volume (Limperopoulos et al.,
2005). This explains how an early-life cerebellar injury contributes to the high degree of cognitive
and behavioral, as well as motor, deficits in premature infants. It will be a great challenge for
future cerebellar research to decipher information of a cognitive nature encoded and processed
in the neuronal circuitry of the cerebellum.

5. Concluding comments

Four decades have passed since Sir John Eccles pioneered a modern neuroscientific
approach to the cerebellum. The neuronal machine concept of the cerebellum was developed
into a self-consistent form, and its further refinement is still underway. Currently, knowledge in
neuroscience is advancing rapidly at the molecular/cellular level on one hand and the
behavioral/cognitive level on the other. To understand mechanisms underlying the generation of
brain functions, however, it is essential to bridge these two levels with more detailed knowledge
about neuronal circuitry. Without such information, the eventual goal of neuroscience, which is to
understand the brain from the molecular to the behavioral level of analysis, will never be reached.

Cerebellar research should continue to play a key role in this synthesis on the basis of an
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integration of experimental and computational approaches. Its goal is to fully understand the
mechanisms and roles of the cerebellum as a universal learning machine involved broadly in the
neural control of bodily and mental functions.

[See Eccles chap Ito in part ] above

Ito (13,14,15) have made it clear that the cerebellum also has the “predictive control” ,
as the cerebrum having the feed-back control which convert to the feed-forward reduction of
motor variability. (using technology terms). And paid attention upon the similarities
between the motor and the throught.

In the case of the former (motor), people intend to move the body by using or
activating the brain regions in areas of premotor cortex, supplementary motor and primary
motor areas, whileas in the through processing,

working activities in the linguistic association areas of the cerebral cortex and
activate and move ideas and concepts and Ito assumed that

ability of thinking process automatically drive forward

Thinking model (use psychological terms)

Thinking or throught is to let the modeled concept move

“throught is the movement (let it activate ), it = modeled concept in the brain “

Try to apply (correspond) the motor control system proposed in the cerebellum for the

thinking (model ) control system in the cerebrum
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1t018,14,15) 1Z. KIMD 7 4 — KAy 7 OB E . Febb, Tl & &) (i T RH
) (TPHEEZEALC) OBE 2, IMMEZbo TS Z LZHLENI L, BB L HEEOHEIEICER L

oo EBOLEAITITEBATE, MEEHEZ L T REDY 2@ THEREZHNT A, L TEEDS

op

IR EHESH 2@ TBECBIE 2B . BEBRELHIMS ICEBLT 2@ H 5 LHEE LT,

it

=

I TRB NN H D ET MMES NI EZ T L& TH D] LW )5 BEHROLEEHAFEL AT A
FBETIV] LIFD, NI TR S IUEBNHIE R 2 KiKo € 7 /L BERIERICEN Ghd) 8T

R L,

In other words, to explain in other way,

As the results of repeating influential work(ing) of the anterior
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association cortex that contains Broca linguistic area upon the thinking
model in the posterior association area that contains Wernicke area that is
one element of memory reservoir supporting the cognitive thinking, one
can use the reciprocal connections of cerebrocerebellar pathways , and finally
becomes possible to the proceed the thought (or thinking pattern)
automatically (in various ways) without avtivities of the cerebrum , once the
internally simmulated model is formed in the cerebellum.

Thus the thinking model will proceed in such following ways shown

below.

1) The PFC influences (works) upon the thinking model in the posterior
association cortex.

2) Thinking model that simulates the dynamic characteristics is formed in
the cerebellum.

3) The PFC work upon or approaches to the thinking model in the
cerebellum.

After repeating (or repetition ) of the above procedures, and once the
thinking model is formed in the cerebellum, thought goes on semi-automatic

and develop the thinking process unconsciously (Fig.6).

Thbb, KIMEENTY v =25 rnE G52, BAEZOERDITHRE TCHL Y = /L=

T8 a GRREA T NICIFET 2 BB ET /T K LB E 2T kR E LT B PAKRIMEENIESE) &

LTHEE, 320b3FEIFICEXDLILEELVIET I BIT, /MK L RIMEE & O % T 7 PRI 8 B2

SRR 2,28) Zflio TMMNIZZDY I 2 L— bENTZBBETAREMREINTLE XX, MEH, BE

IR SN2 EBICEA L T, D TRIMEBENETZ 35 Z &< BRMICEB S Z L1 b & L,
TEZET V) IZUTOIERF CTEITT 2, $72b 5, OREERTE A %ESENOEEETNVIEE NT 5,

QIDEEETNVOEEMEEZ Y I 2 L — T2 ET AE/NNICIES, @RTEERTEIXZ O/NMENEEZET
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<, ZOWMBEBEVIELFET S Z LX), PIEEBHNCEEST S Z ERFRERICRY, BEET L

DT T LDV/IMNIC TE IR, EERRICEZBENEIT T X0 1c25 (X6),

Starting from the cerebellum, flow of novel (or new) and accustomed
(repeated) impulses and afterward, how the flow changes its stream and
transform its types,

Now, hear at the first time, the posterior cerebellar hemisphere,
transfer (move from the hemisphere, noecortex to the old vermal part)

0Old, accustomed tune, anterior lobe in this fig. 32 (2006), that I made
based upon the data from Sakai et al., (1999), from red to blue lines in fig.32,
when repeat again and again,

Not only the functional dynamic loop of the cortico-striate-thalamic ,
cerebellar inputs come to join this circuit . to the cerebellum, all kinds of
sensory and motor inputs enter the cerebellum. Constantly changing
situation, smooth, automatic, integrative mechanism of treating the
processing of all these signals,

Basis of music performance, when the activities or info/function of the
dynamics of the cerebellum. Not only motor system, but also the cognitive
and language, thinking, second signao processing system of I.P. Pavlov. Fig.

33 total picture !

WIS/ AL — | « KA v b & LTRIE L EDOHIHOBEREDRIL &AL - BENZ OV TGS
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BEBLET, ZREAED TV —T7(Sakaih | 1999) D EBRFE R A HIZ L CTRBMESTZK3 2 27 LET (I
K. 2006), FIOICHENRNEDO Y XA LEFEED & PIEEROBIEMNET L ETH, 20V XAITHE
NTLDE, HHNE THEIERTED XL LT D K 512725 LIGBOHLARIEICE Y | fE
BT L, ZORBTHON 2RO — SR EFRONL— MIBITLET, ORI, KIMERESK
JMIEIEERE DAL TE T CTidze < T, REEEEBRICET 2/MROIEEIEL H AN T, ZRICMN®, FHHNO
BB (R EE % b & 50 CRBABERE/E B) 0 JLBRAEB) O B B [ 1B 72 & O A BRI D R OEE O HE
EEZDZECHRD) MREKOR 7y FBRERNTHANOEREEO2MMEEX 3 3ITRIEL TAHAE

L7,

DINDEEEME T Vgl (R TEMERK) 11/5/2010

We are going to arrange the followings. (:00719)

1) A round trip model
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F=F\(F,(F))=<G,G>
=X XY YA L2 W W,

Cholin e oo ==~ ’ ~
5-HT . .
Dopamin

_ - ~Cognitiqn * \

\

’ N
G1=(X1iy1vz1xw1) ) '

Amygd
F=F,(F\(F))=<G,G>

=X3X1+y3y1+zaz1+wsw1
Cerebell
Brainstem

F,=F.(F,F,)=<G,G>
=X XYY 2,2t W, W,

<G,,G,>+<G,,G6,>+<G,,6,>=0

cerebral cortex(G1), basal ganglia(G2), thalamus(Gs) % [F]% neural

curcuit DX,

091211 i
We define F(x)=x as fixed point.

Let F be (F4F3F2F1) ,and then we can think of the following

equation F4(F3(F2(F1(x)))=x as F(x)=x .

Suppose the 4 dimensions in Hilbert space, and we will be
able to illustrate a 2 axis in order to draw x and y axis that makesy

=f (x) or, m (y | =n | x) that may make a sense of (y |
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x) = 0 used by Bra and Ket Vectors in Dirak’s Quantum

mechanics.

A remark will be made that we do not know if F shall constitute an
inner product, but an assumption such that the mappings satisfy
Baillon’s nonlinear ergodic theorem by which we shall try to apply
later on is one thing and the assumption such that the mappings

attribute with inner products is another.

There are 4 vectors; a,b,c and d such that responded 4

mappings :

2)

a—b—c—d—a come to composing a round trip

A three circuit model

We denote three circuits G1, G2 and G3 by cerebral cortex,
basal ganglia and thalamic nuclei, respectively, and x, y, z and w by

emotion/olfaction, cognition, motion, active will, respectively as well

such that

Gl=(&Xy, ¥y, Z, W) ... cerebral cortex,
G2 = Xz, Yo, Z2, W2) ... basal ganglia
G3=Xs, ys, Z3, Ws) ... thalamic nuclei.

Thus, we can show the fallowing image such that
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G1—F1—G2
G2—F2—G3
G3—F3—G1.

Presentation of Bra and Ket vector by Dirak’s quantum mechanics

We can show the following equations concerning the three

circuit model using the bra and ket vector such that

F1=F3 (F2 (F1)) = <G1, G2> =x1x2+yly2+z1z2+w1w2
F2 =F1 (F3 (F2)) = <G2, G3> =x2x3+y2y3+2z2z3+w2w3
F3 =F2 (F1 (F3)) = <G3, G1> =x3x1+y3yl+z3z1+w3wl

<G1l,G2>+<G2,G3>+<G3,G1>=0.

If you take Bra Vector for <f| = eix =cos x — 1i sin x and
Ket vector for | f>= eix =cos x + 1 sin x, you can easily get the inner
product such that <f|f>=<f, f>= cos?x—i2sin2x= cos?x +sin2x=1
that is a real number.

A remark is made that < « | B > is different from | B > < «

| by applying greater than 1 dimension (reference is made to REF1 in

the next page).

We can say the case with the inner product being 0 as
orthogonal that is why we take up Hilbert space.

The illustrations are shown like these.
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Cerebral

Suppl. Mot. corte

O <al| B> =ac+hbd

o et Lo L

ca
(a,b) =

d da db
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Motion Sensation

Cerebrum

Thalamus

Qanglia\@/

Substantia nigra

The later two illustrations that are made by Dr. Kawamura

shall be applied with mathematical models.

4) An analogy of the circular formula of reproduction in Marx’s “Das
Capital” for the three circuit model will conduct to Baillon’s
Non-linear Ergodic theorem.

The Marx’s formula G — W — G would be of interest.

Substitute W for F and we have in a round trip way such that

G1—F1—G2
G2—F2—G3
G3—F3—G1.

That is like Dr. Kawamura’s illustrations. That is amazing.
F1+F2+F3=0- - - @

implies Marx’s turn over G—G with //G=0 ( no profit ) .
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F1+F2+F3+#0 + + - (@

implies Marx’s turn over G—G with /G +# 0 ( some profit ) .

In case with @ F1+ F2+ F3=0, let the average ( mean )of
G1, G2 and G3, then the index number shall be recursive with each
three-time numbers. Thus, we have
M3=1/3 (G1+G2+G3) =1/3 (G1+F1G1+F2F1G1)
M6=1/6 (G1+G2+G3+G4+G5+G6)
=1/6 (G1+G2+G3+G1+G2+G3)
=1/3 (G1+G2+G3) =Ms3.

Therefore, we have M3 n =M3 where there is a fixed point
concerning 3n, however G n does not converge to G when n is infinity

owing to a round trip concerning Gn.

In case with @ F1+F2+F3+#0, suppose FF be F1=F
2=F3=T, then we have F2F 1="T2 that make the above case
applied by Baillon’s Non-linear Ergodic theorem with taking x for G
accordingto G1=G, G2=TG, G3=T*G, G4=T°G (thatisa
turn-over of G1) .That is why we have

MnG=1mn (G+TG+T?*G+- - +) .

That is seems to us as MnX=1/n(x+Tx+T2x++ = - - Trlx) &C
that has weak convergence deducted by the theorem and that has
fixed point set of mapping T (namely F ). The mapping shall be a

non-expansive one of a non-empty closed convex subset C into itself of
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Hilbert space.
The theorem is apparently shown in Wataru Takahashi’s
textbook, where we substitute M for S, such as
MnX=1/n(x+Tx+T2x+ - + - - Trlx) €C

n—oco, MnX=1/mXk=0~n— 1Tkx weakly convergent, + + « - -

when
T—F,
MnG=1/n (G1+Gz+Gs++ + + - +Gn) +++=x
=1/n (G1+F1G1+FGo+F3Gs+ « « « +Fn ,Gn_,) ,

" FoGo= F2 F1G1= F12 G, F3Gs=F3 Fo F1 Gi=Fi3Gy, = ¢« - -
=G1/m (1+F1+F24F 3+« « « « - +Fin 1) <C.
MnG=1nXGFkx, (k=0~n—1) or
=G/nXFrkx, (k=0~n—1)

covergent weekly and have a fixed point.

5) conclusion

That may be to say that we have an equilibrium point in our

brain.

D& EAWILZER (B ~L REMO 4WoE) TEZX, 4ED%
T D 2EOW LAY H LT,

xffie yEhETHIE, y=1 (x) ENTFET,

(2 m(y|l=n | x) ET4TvIBINFEOT IR hLE
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iy bR R TENE SRR LT TT)
AN abcdZ2b, MT—EYTHDT, a—b—ec—>d—a & EEMN41H
&)Djﬁ‘éﬁo

2) X, BARIICFEF 2NN E 9 AR THH N, =/ — REH
DD SEO X 9 7254 (mapping) ZIRETHD L. FHRNE
(inner product) TH DM E I WEIET 5 Z & & OREERIT,
FrlZ 720,

G1—F1—G2 ;G2—F2—G3 ; G3—F3—G1

X : emotion/olfaction

y : cognition

z * motion

w - active will

FEh B S (wave function ? ) ; MEFR Kt 22 [ (infinite space dimension) %
Z 2 b, ' F 71 % (Qquantum mechanics) . # B %% (distribution and
hyperfunction), Heaviside B%%(Heaviside function)

Bra Vector <f| = eix =cosx — isinx

Ket Vector | f>= eix =cosx +1sinx

NFEZ & D & <f| f>=<f f>= cos2x—iZsin2x= cos2x +sin2x=1(E# R

L %)

Incase =0 72&. [EA%&(orthogonal) & 725, Hilbert space & LT

WRENE 2D, EHAZTEES, Banach sp. TIZHNFED 20,
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ZDEBHGIIZ Neuroscience vs Psychiatry ##&
®95H HXERFHETEL

#3 Brain Science/Neuroscience

Emotion, Cognition, Motion, Active movements, Intention

fHEh, R8N - BEER. EBE), seEiE. B - 5

O0O0O0O0O0O0OO0O0OO0O0OO0OO0O0O

#9-1 RN D BRI KSR 2R — A

We summarize briefly the functional organization of the brain. Major
higher nervous functions on the cortical levels; one is cognitive/emotional
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and the other is motor/volitional functions as passive and active systems,
respectively. These higher levels of nervous functions, the total products
being called as mind/spirits, are represented and regulated by activities of
the posterior and anterior halves of the cerebral cortex which are supported
by underlying subcortical structures. They are the limbic and autonomic
regulatory systems, including the rhythms of 1) awake / sleep, 2) walking,
and 3) day-and-night. Behavior in everyday-life is supported on the ground of
healthy rhythms, deviation of which causes physical and mental
abnormalities.

Disturbances of the day-and-night rhythm lead to mood disorders or
depressive states involving predominantly the hypothalamus and amygdala.
Disturbances of the sleep and awake rhythm are accompanied by the fatigue
of the body, mental instability and frustration due to the exhaustion of
functional regulation in the brain stem covering from the medulla
oblongata to the thalamus.

In addition, there is the neurotransmitter system organized throughout
the brain, such as the serotonin system (5-HT) of the raphe nucleus origin,
noradrenalin or the norepinephrine system (NA or NE) of the locus ceruleus
origin, the dopaminergic system of the ventral tegmental area (VTA)/
substantia nigra (SN) origin. Besides, there are excitatory amino acids and
inhibitory GABA systems well as an acetylcholine (ACh) system which has
been related to intelligent activity.

While in the posterior association cortex, perceiving and recognizing
stimuli from the external world, their values (good or bad, profitable or
harmful, plus or minus, etc.) are judged in the amygdaloid complex with
emotional feelings. All of these inputs perceived and recognized first in the
posterior part of the cerebrum are then treated intentionally in the frontal
lobe, predominantly in the prefrontal cortex, results of which give outputs
through the motor and emotion-expressing systems. The former is the
motor cortex-striatal system, and the latter is the hypothalamus-pituitary

system. A variety of other humoral factors, e.g., amines, peptides and
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hormones participate in the brain development. Adolescence is the
developmentally crucial period when the “self” is established through
struggle of life, upon which a spot-light will be given below in connection
with psychological development in humans.

In human, there are many psychotic problems that occur in puberty or
adolescence (11- 15-18-22 years old, ages vary according to the wider or
narrower sense) including schizophrenia. Adolescence corresponds to a
certain period of human life when changes of bodily and mental growth are
tremendous. Physically, the secondary sexual characteristics (penis, larynx
cartilage, change of voices, pubic hairs etc. in male and mamma, pubic hairs,
menstration, fat-deposit etc. in female) appear prominent. Bodily changes
that happen at about 11-15 years old produce big influences consciously or
unconsciously upon mental aspects of self. In one word, the problem is how
the “mind”, mental activities, can cope with the increase of physical energy
accompanied by the inner mental tension. As materialistic bases are
concerned, organic changes are subjectively involved in the activities of the
emotional, autonomic and humoral systems covering peptide, hormones and
neurotransmitters. There is a sudden increase of the differential coefficient
of mental activities towards external stimuli, resulting in increased
sensitivity (abnormal irritability) to the inner and outer stimuli. As a
consequence, emotion becomes unstable. People living in mutual
relationship with others become aware of their immature selves for the first
time in adolescence, and try to be independent from their parents and
teachers. With excessive sensitivity of self-consciousness in mind, they
respond to the surroundings and want to make sure of their own existence.
What is occurring in the brain at that time? Cortical neurons in the
primary sensory and sensory association areas respond, and transmit
information to the frontal cortex. The mechanism in which the cerebral
association area adjusts and controls the activities of limbic structures and
diencechalic regions should “properly” be activated in adolescence. Namely,

the control system of the neocortex over the limbic and humoral systems,
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especially the frontal association area should properly be formed at the time
of the brain development, when the maturation (including myelination) of
the prefrontal area accomplishes, which is the leading role of governing the
whole function of the brain. If developmental disturbances occur at this
period, characteristic features of mental derangement would occur;
aggressive attack, resistance and self-conceit, characteristics in the youth.
Their standard of judgment is still on the way of admittance from the
grown-up society, which is not defined with firm consciousness.

Ambivalence can be observed in both cognitive and emotional aspects,
appearing more frequently in the latter. The evaluation of positive and
negative values, contradictory to each other, exists simultaneously in the
same Iindividual. For example, feelings of superiority vs inferiority,
confidence vs dependence, respect vs contempt, obedience vs resistance, and
love vs hatred.

Ambivalence is one of the most prominent symptoms in patients with
schizophrenia. In adolescence, man feels it hard to respond to sudden,
unstable changes from emotional aspects, the self being not established,
social identity (the term borrowed from psychoanalysis) not being formed
and remained immature. In the society, he or she becomes to be treated as
an adult, unfortunately.

Thus, adolescence is an important period in life, for the formation of
self-identity, self-consciousness and mind/spirits/morals. On the other hand,
views of life or philosophy that have been taught in the family and at school
are forced to confront with contradiction/inconsistency with those in
real/actual life, and through the contact with society man should compromise
and accept the necessary evils. "A good child" who has been obedient and
subordinate to parents and teachers, confronted with difficulties, 1is
requested for the first time to stand on his own feet. Since he will be asked
in his speech and behavior to have his own responsibility, he will be
confused and be amazed in the social, when its environment is not normal.

For the character formation, proper development of the prefrontal cortex in
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adolescence becomes a key, since its function includes ethics and morals.
Addiction to stimulant drugs and hypnotic poisoning (often provokes
psychosis) has recently become a serious social problem. These can be
regarded Dbiologically as disturbances of humoral, autonomic and
immunological systems; involving mainly neurotransmitters and receptors
in the brainstem level as well as in the forebrain. The problem of the drug
dependence causes the disorders of personality and character.
Disturbances or abnormality of appetite (anorexia and bulimia nervosa) or a
sexual desire is also deeply related with the dysfunctions of rhythms chiefly
of the hypothalamic centers, occurring very often in the adolescence. As
stated above, expression of libido in both mind and body in puberty is a
characteristic and troublesome matter which represents difficulties in
becoming assimilated into the development of self. It is controlled and
regulated in the modern society where the direct expression of libido is
legally taboo. What i1s regulating as a whole is the cerebral neocortex,

especially the prefrontal cortex, sending fibers to the limbic structures.

As mentioned above, functional processes of the prefrontal cortex that
regulate and control subcortical structures corresponds to the formation of
self-identity in developmental psychology. Adolescence is the period of
“Sturm und Drang”. The general concept of values on the relationships
between parents and children and between teachers and pupils loses its
basic background, and may break down, which ultimately requires the
organization of mind and body. Man recognizes himself as being the social
existence in the course of life from boyhood to adolescence, and has to obtain
"us" in "me" in the company. That is, through exchanges with people, and
the social rule and responsibility grow in the mind. Biologically, this
corresponds to the stages of neural development from the posterior

association cortex to the prefrontal cortex.

In their childhood and adolescence, the young people worry about
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their inharmonious way of relationship between themselves and others.
They have a tendency not to openly divulge their feelings. While they bully
and disregard others, they pretend to be good children. In adolescence,
their behaviors are often inconsistent and contradictory, being unable to
express desire and dissatisfaction. Mentally, they are insecure, impatient
and stressed, and likely to fall into insomnia, nausea, and autonomic nerve
breakdown.

Recently, serious distortion of social environments has produced
juvenile delinquencies; hijacks, killing innocent people etc. = The whole
society 1s responsible for these criminals and must pay every effort to
improve the environmental situations. Physical disturbances of hormonal
regulation in the central nervous system, and disturbances in the regulation
of the cerebral neocortex upon the limbic system and the hypothalamus need

to be investigated further.

#9-2 Brain science and psychiatry

The whole product of brain activities can be taken as “mind” of
animals. Animals communicate in their own societies, using gestures and
voices, and human beings are able to transfer the products of “mind” to the
next generation in the forms of creating arts, music and literature.
Accumulation of the inheritance is embodied as culture and civilization in
the human society, where people of normal as well as abnormal characters
are struggling to live. It is important, therefore, for psychiatrists to study
the abnormal aspects of mind, particularly on the basis of biological sciences.
It is one of our aims to combine the recent results of the brain science with

those of the human science.
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Recognition and emotion are closely related to each other in the expression
of “logos” and “pathos”. Sensory information reaching the cerebral cortex is
transmitted from the posterior association area to the anterior association
cortex, or the prefrontal cortex, in which information of the stimuli can be
converted and be bestowed the connotational significance reflecting the
situations occurring in the external world before being sent to the higher
cortical motor system.

Maturation in man, both bodily and mentally, is established in the course
of development, in particular during adolescence, and formation of human
features is closely related to the cerebral maturity which includes the
formation of “thought”, “emotion® and “volition” and self-consciousness, being
the total results of brain activities. In the working society, through
communication with others, humans use words as sophisticated signals,
connecting verbs with nouns, uses verbal tenses, and distinguishes active
and passive voices. Man also expresses and controls feelings of love, angry,
sorrow and joy in the community.

Schizophrenia usually starts in adolescence. Communication with other
people becomes inflexible and autistic. Although intentional activities
decline gradually, there are no signs of intellectual deficits. However, the
disturbance of cognition and the loosening of thinking ways are very often
recognizable from others, and sometimes hallucination occurs.
Schizophrenia literally means the “split mind” (shizos=separate;
phrenia=spirit or mind) or in German “intrapsychische Spaltung” as it has
been called. It differs from “split brain” or histological damage in the brain
used in neurology where pathologic signs or symptoms are constantly
obvious .

Thus the "split brain" can be defined as organic and its symptoms are
usually permanent, whereas the “split-mind" may be functionally
disconnected concept. Symptoms of the split brain include aphasia (speech

disturbance), apraxia (behavior disorder), and agnosia (cognitive disorder),
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which have been studied extensively since the last century. In 1960s,
Sperry and Gazzaniga studied symptoms in patients who had undergone
operations cutting cerebral commissural fibers (the corpus callosum and the
anterior commissure) as a therapy for epilepsy. Admitting that it is fairly
logical and even formal to describe, three types of “splitting” can be
discussed below; @ the rostro-caudal split between the forebrain
(telencephalon and diencephalon) and the midbrain, @the split between the
right and left cerebral hemispheres, and @the split between the anterior

and posterior association areas in the cerebral cortex.
Considerations will be given below in the order of D, @), and ®

In the @O split:

Stimuli in the outer world excite sensory cells in the sensory organs, but
the information does not reach the forebrain, with the exception of the
olfaction and visual whose pathways are not interrupted in the border of
the forebrain and the midbrain. Other sensations, such as the
somatosensory (except for the face region), auditory, gustatory and so forth,
may remain unconscious. Motor functions are based on spontaneous
reflexes. Activities of the brain may correspond to the level of the reptile
brain (cf. MacLean’s triune brain hypothesis of three-layered hierarchy).
Emotional expression generated in the subcortical limbic system as well as
in the endocrine and autonomic systems cannot be controlled by higher
activities of the cerebral cortex. As a consequence, animals may feel
unstable states of mind, and difficult to adapt to the environmental

changes.

In the @ split:
Commissural fibers connecting the thalamic nuclei of both sides, the
adhesio interthalamica, are absent in about 15% of the human brains.

Other commissural pathways are: in the optic tectum that connects the both
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sides of the dorsal part of the midbrain, and the posterior commissure which
connects both sides of the preoptic area, Darkschewich nucleus and Cajal’s
interstitial nucleus, the habenular commissure, the hippocampal

commissure and the anterior commissure.

Phylogenetically the newest commissural pathway is the corpus callosum,
the biggest in man. The operation of cutting the corpus callosum was
conducted for the purpose of medical treatment for neoplasm or epilepsy by
Gazzaniga, Sperry and others (1965, 1967, 1991). Examinations have
been performed in cases in which the corpus callosum (also the anterior
commissure in part) was cut. In the split-brain patients, disturbance of
naming objects in the left visual field, dyslexia in the left visual field,
agraphia in the left hand, and the constructive apraxia in the right hand
were observed. The important result of this study is the discovery that the
functional specialization is evident between the right and left hemispheres in

the human cerebrum.

Structural asymmetry has been reported on the habenular nucleus in the
mole and Drosophila and on the Mauthner cell in the fish spinal cord,
although the physiological significance is elusive. The functional difference
between the right and left cerebral hemispheres has been known in the
human brain. In higher subhuman primates, however, the difference has
not been successfully studied so far.

The remarkable development of the cerebral cortex in man as compared
with that in apes can be summarized as follows: a) linguistic areas highly
developed in both the posterior and anterior association areas, b) very large

frontal lobe, especially the frontal association area (= prefrontal cortex), and
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c) a large number of cortico-cortical fibers, connecting bi-directionally
between the anterior and posterior association areas.

It is said in human that the left cerebral hemisphere is predominant over
the right hemisphere in the comprehension and expression of the language,
whereas the right hemisphere is predominant over the left hemisphere in the
comprehensive recognition of compound forms and fragmentized figures to
build up the conscious-integration of Gestalt (Sperry), or in the function of
transforming special information into groups in images by manipulation or
using hands (Gazzaniga).

However, the information in both hemispheres is constantly communicated
through commissural fibers; so that the functional predominance of the
hemisphere is not absolute. With this concept in mind, it is said in general
that the right hemisphere is concerned with images of signs transmitted by
means of emotional experience, thus suited for solving problems using
imagination, while the left hemisphere is related with understanding
languages, searching for rules to connect different kinds of signs.
Understanding in the right hemisphere loses its individual colors after
transmission through the corpus callosum to the left hemisphere, thus

bearing its common concept.

In the @ split:

The discrepancy between the anterior (or frontal) and the posterior
(parietal, temporal and occipital) association areas will be considered below.
The study of regional cerebral blood flow (CBF) in the brain of chronic
schizophrenic patients was developed recently by Ingvar and others (1974).
They showed that decreased amounts of rCBF were noted in the frontal
association cortex of the patients than in the healthy controls, and also that
increased amounts in the parieto-temporal than the frontal areas in the
patient brains. The increase and decrease of the amount of regional blood
flows are considered as reflecting the level of the metabolism, correlated with

the functional activities of its brain region. Therefore, it can be considered
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that in schizophrenic patients the function of the frontal association area is

decreased, while that of the posterior association is conversely increased.

Based upon the above consideration, the split-mind symptoms of the
mental disease, especially schizophrenia (so to say temporally function
disorders), are now ready to be considered, although highly hypothetical.

Firstly, regulatory disturbances of the cortical functions in the cerebrum
upon subcortical structures may cause impulsive, disordered, and reflective
patterns or manners of emotional expression.

Secondly, the disturbance of bilateral hemispheric communication may
cause deterioration or even loss of normal thinking-flows, thus resulting in
the mal-formation of cognitive conceptualization which may lead to the
abnormal cognition ; hallucination and delusion. Disturbances of
establishment of self consciousness occur, as a result of self-disorientation in
the surrounding world together with bitter experience suffering from other
people in the community.

Thirdly, the antero-posterior separation of the association cortices is likely
to cause declining of activities, volitions and feelings, manifesting
sometimes symptoms of autism or depersonalization. It should be stressed
here that the deficits are in many cases functional and temporal, and that
the symptoms are not irreversible to be involved in the incurable organic
deficits. The disease can indeed be curable by means of medical drugs and

psychiatric therapies.

Generating an animal model which represents schizophrenia-like
symptoms has been carried out, by injecting amphetamine or
methamphetamine into rats (Utena, 19## ). The rats which received drugs
repeatedly became intoxicated, and displayed some stereotyped behaviors
such as biting, licking, and glooming; so called amphetamine stereotypia,
while other types of behaviors were suppressed. Furthermore, they became

afterwards inclined to display similar symptoms, when the drugs were
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administered repeatedly even at low doses. Likewise, when monkeys
received methamphetamine for a long period, they exhibited abnormal types
of social behavior resembling the symptom of autism together with
particular manners of peeping and body-scratching. It was thought
biologically that hypersensitivity of dopamine receptors was formed.
Pharmacologically, this is called as "reversed tolerance phenomenon" in the
sense that it is reversed to the drug tolerance . This terminology is deeply
related to the term “remembrance of the previous history” advocated by
Utena (1979) in the meaning that previous histories of schizophrenia and/or
drug-intoxication are likely to prepare the readiness of recurrence in
inducing the symptoms of the disease and the stimulant-intoxication.

Repetitive uptake of amphetamine, similar to the over-dose dopamine,
stimulates dopamine receptors (as an agonist), resulting in the
hypersensitive state to the drug. Medication of chlorpromazine acts as a
blocker or antagonist to the dopamine type 2 receptors and thus effective for
the mitigation of positive symptoms of schizophrenia as well as for the
abnormal psychic states of experimental animal models.

Recently, the relationships between the dependency to the drug and the
age of experimental animals have been examined by Nishikawa and his
coworkers. It was found that rats in puberty are most likely to show
schizophrenia-like symptoms after repetitive administration of the drugs.
The age of the rats used in the experiments were postnatal days of 25 and
afterward, the periods of puberty and young adolescence. At synaptic levels,
amphetamine activates dopamine (DA) receptors and produce positive
symptoms of schizophrenia, while phencyclidine (PCP) blocks the NMDA
type of glutamate receptors and exhibits negative symptoms. The former is
reactive and the latter is resistant to the anti-psychotic agents/medicines.

In experimental animals, behavioral and biological abnormalities induced
by drug injections showed apparent changes according to the developmental
stages. For example, unlike the period of maturity (after the postnatal day

25), the reversed tolerance phenomenon by methamphetamine does not
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occur in the juvenile (newborn) rats (at postnatal days 1-21).

Based upon these data, Nishikawa and colleagues searched for genes,
whose activation is dependent on the development by injection of
amphetamine and also are responsive to anti-psychotics. These genes can be
closely involved in the reverse tolerance phenomenon. Considering the
fact that schizophrenia in many cases develops after the age of a certain
degree of brain maturation; puberty, it can be thought that some kinds of
disturbances are occurring in the neural net-work system in the brain,
particularly in the forebrain. The neuro-circuitry develops in the course of
maturation from the infancy to the puberty and adulthood. The pattern of
expression of c-fos genes; immediate early genes, in the striatum and the
cerebral cortex was conspicuously different between mature and immature
brains (Nishikawa et al., ). The cloning of the genes and formation of
antibodies will further promote the study of the schizophrenic brain.

The human brain becomes mature as it develops from the baby/childhood
to the puberty/adult. Neuronal processes develop, and glial cells maturate to
form myelin in the brain. Various types of neuronal circuitries in the brain
are activated and strengthened by means of active and passive interactions
with environment through communication and co-working in the society.
Thus, in the process of constant activation of neural networks in the cerebral
cortex, based on the mechanical basis of the conditioned reflex, particularly
with the help of the second signal system, people can be educated
intellectually and emotionally. This is the fundamental basis of human

activities to create art, music and science.

When the brain is damaged, mental disorder can appear as a consequence.
How are cognitive abnormalities such as illusion and hallucination formed in
psychotic patients? It is evident that loci of the mental disease, for instance
in the schizophrenia, do not lie in the primary sensory areas nor in the
primary motor cortex, not in the least in the brainstem/spinal cord, but do lie

in the association cerebral cortex. Considering the symptomatology of
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cognitive disturbance, whether visual or auditory, it is the malfunction of
comprehending objects as a whole in a gestalt way, judging the value and
meaning of surrounding events or objects referring to the previous memory.
Patterning of the stimuli from environments, the conceptualization or
generalization of ideas, and the building up the stream of thought, these are the
products of recognition mechanism, the central role of which is the activities

of the linguistic center in the brain.
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