
The Computational Brain

Introduction

The  human  brain  is  the  most  complex  organ  in  the 

known universe. With an estimated 86 billion neurons 

and 100 trillion synapses,  it  is capable of performing 

trillions  of  calculations  per  second.  This  astonishing 

computational power allows us to perceive the world 

around  us,  learn  from  our  experiences,  and  make 

complex decisions.

Neuroscience  is  the  scientific  study  of  the  nervous 

system. It is a relatively young field, but it has already 

made  great  strides  in  understanding  how  the  brain 

works.  Neuroscientists  have  identified  the  different 

regions of the brain and their functions, and they have 

begun to understand how neurons communicate with 

each other. This knowledge has led to new treatments 
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for brain disorders and has also helped us to develop 

new technologies, such as brain-computer interfaces.

In this book, we will explore the fascinating world of 

neuroscience.  We will  learn  about  the  structure  and 

function  of  the  brain,  and  we  will  investigate  the 

different  ways  that  the  brain  allows  us  to  perceive, 

think, and feel. We will also explore the latest advances 

in  neuroscience  research  and  discuss  the  ethical 

implications of this research.

By  the  end  of  this  book,  you  will  have  a  deeper 

understanding of the human brain and its incredible 

power.  You will  also be aware of the challenges that 

neuroscientists face and the potential benefits of their 

work.

The  brain  is  the  most  complex  organ  in  the  human 

body, and we are only just beginning to understand its 

many  functions.  Neuroscience  is  a  rapidly  growing 

field, and new discoveries are being made all the time. 

This  book  will  provide  you  with  a  comprehensive 
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overview of the current state of  neuroscience,  and it 

will leave you excited about the future of this field.

Neuroscience  has  the  potential  to  revolutionize  our 

understanding of the human mind and our place in the 

universe. By unlocking the secrets of the brain, we may 

one  day  be  able  to  cure  diseases,  enhance  our 

intelligence, and even create artificial intelligence. The 

possibilities are endless.
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Book Description

In this  groundbreaking book,  we take a journey into 

the  fascinating  world  of  neuroscience  to  explore  the 

incredible  computational  power of  the human brain. 

From  the  structure  and  function  of  neurons  to  the 

latest advances in artificial intelligence, we will delve 

into  the  mysteries  of  the  mind  and  discover  the 

potential  of  the  brain  to  revolutionize  our 

understanding of ourselves and the world around us.

With its estimated 86 billion neurons and 100 trillion 

synapses,  the  human brain  is  capable  of  performing 

trillions  of  calculations  per  second.  This  astonishing 

computational power allows us to perceive the world 

around  us,  learn  from  our  experiences,  and  make 

complex  decisions.  In  this  book,  we will  explore  the 

different regions of the brain and their functions, and 

we will  investigate  the different  ways that  the brain 

allows us to perceive, think, and feel.
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We  will  also  explore  the  latest  advances  in 

neuroscience  research,  including  the  use  of  brain-

computer interfaces and the potential of gene therapy 

for  brain  disorders.  We  will  also  discuss  the  ethical 

implications  of  neuroscience  research,  such  as  the 

potential for mind control and the creation of artificial 

intelligence.

The  Computational  Brain is  a  comprehensive  and 

accessible guide to the human brain and its incredible 

power. By the end of this book, you will have a deeper 

understanding of the mind and its potential to shape 

our future.

Inside this book, you will discover:

 The structure and function of the brain

 The different  ways  that  the  brain  allows us  to 

perceive, think, and feel

 The latest advances in neuroscience research

 The  ethical  implications  of  neuroscience 

research
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 The potential  of  the brain to  revolutionize our 

understanding  of  ourselves  and  the  world 

around us

Whether  you  are  a  student,  a  researcher,  or  simply 

someone who is fascinated by the human brain,  The 

Computational Brain is the perfect book for you. Join 

us  on  this  journey  into  the  mind  and  beyond,  and 

discover the incredible power of the human brain. 
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Chapter 1: The Computational Power of 

Neurons

The Architecture of a Neuron

Neurons, the fundamental units of the nervous system, 

are incredibly complex cells with a highly specialized 

architecture that allows them to receive, process, and 

transmit information. Understanding their structure is 

essential to comprehending how the brain functions.

At the core of a neuron is the cell body, also known as 

the  soma.  It  contains  the  nucleus,  which  houses  the 

cell's genetic material. Extending from the cell body are 

numerous  dendrites,  which  are  branched  extensions 

that receive signals from other neurons. These signals 

are  transmitted  to  the  dendrites  in  the  form  of 

electrical or chemical impulses.

The  axon  is  a  long,  slender  projection  that  extends 

from  the  cell  body  and  transmits  signals  to  other 

neurons. Along its length, the axon may have branches 
7



called  axon  collaterals,  which  allow  the  neuron  to 

communicate  with  multiple  neurons  simultaneously. 

At the end of the axon are specialized structures called 

synaptic  terminals,  which  release  neurotransmitters, 

chemical  messengers  that  allow  neurons  to 

communicate with each other.

The junction between two neurons where signals are 

transmitted is called a synapse. Synapses can be either 

electrical  or  chemical.  Electrical  synapses  allow  for 

direct  electrical  communication  between  neurons, 

while  chemical  synapses  use  neurotransmitters  to 

transmit signals across the synaptic gap.

Neurons are incredibly diverse in their structure and 

function. They vary in size, shape, and the number of 

dendrites  and  axons  they  possess.  These  variations 

contribute to the immense computational power of the 

brain,  allowing  it  to  process  vast  amounts  of 

information in parallel.
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The  architecture  of  neurons  is  a  testament  to  the 

incredible  complexity  of  the  human  brain.  By 

understanding the structure and function of neurons, 

we  can  gain  insights  into  how  the  brain  processes 

information,  learns,  and  makes  decisions.  This 

knowledge is essential for developing new treatments 

for  brain  disorders  and  for  creating  artificial 

intelligence systems that can mimic the capabilities of 

the human brain.
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Chapter 1: The Computational Power of 

Neurons

The Resting Potential and Action Potential

The resting potential of a neuron is the difference in 

electrical potential between the inside and outside of 

the neuron when it  is not receiving any signals.  This 

difference  in  potential  is  maintained by the  unequal 

distribution of ions across the neuron's cell membrane. 

The inside of the neuron is negatively charged relative 

to the outside, due to the presence of more negatively 

charged ions inside the neuron than outside.

When  a  neuron  receives  a  signal,  such  as  a 

neurotransmitter  from  another  neuron,  the 

permeability of the neuron's cell membrane to sodium 

and  potassium  ions  changes.  This  change  in 

permeability  causes  sodium  ions  to  flow  into  the 

neuron and potassium ions to flow out of the neuron. 
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This flow of ions changes the electrical potential of the 

neuron, causing it to become more positive inside.

If the change in electrical potential is large enough, it 

will reach a threshold value. When the threshold value 

is  reached,  the  neuron  fires  an  action  potential.  An 

action  potential  is  a  brief  reversal  of  the  neuron's 

electrical  potential,  caused  by  the  rapid  influx  of 

sodium ions  into  the neuron and the rapid efflux of 

potassium ions out of the neuron.

Action potentials travel down the axon of the neuron, 

which is a long, thin projection that extends from the 

cell body of the neuron. As the action potential travels 

down  the  axon,  it  causes  the  release  of 

neurotransmitters from the axon terminals, which are 

located at the end of the axon. These neurotransmitters 

then bind to receptors on other neurons, causing them 

to fire action potentials as well.

The resting potential and action potential are essential 

for the proper functioning of the nervous system. The 
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resting  potential  allows  neurons  to  maintain  their 

excitability, while the action potential allows neurons 

to communicate with each other over long distances.
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Chapter 1: The Computational Power of 

Neurons

The  Synapse:  The  Junction  Where  Neurons 

Communicate

Neurons  are  the  basic  units  of  the  nervous  system. 

They  are  specialized  cells  that  transmit  information 

through  electrical  and  chemical  signals.  Neurons 

communicate with each other at specialized junctions 

called synapses.

Synapses  are  tiny  gaps  between  neurons.  When  an 

electrical signal reaches the end of a neuron, it causes 

the release of  neurotransmitters,  which are chemical 

messengers. These neurotransmitters diffuse across the 

synapse and bind to receptors on the dendrites of the 

next  neuron.  This  binding  of  neurotransmitters  to 

receptors  causes  the  next  neuron  to  either  fire  an 

electrical signal or not.
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The  strength  of  the  synapse,  or  how  likely  it  is  to 

transmit a signal, can change over time. This is called 

synaptic plasticity, and it is the basis of learning and 

memory.  When  a  synapse  is  frequently  used,  it 

becomes stronger.  When a  synapse  is  rarely  used,  it 

becomes weaker.  This  allows the brain to  constantly 

adapt and learn from its experiences.

Synapses are also involved in a variety of other brain 

functions,  including  attention,  decision-making,  and 

emotion.  By  understanding  how  synapses  work, 

scientists are gaining new insights into how the brain 

works and how to treat brain disorders.

The Structure of a Synapse

A synapse consists of three main parts:

 The presynaptic neuron: This is the neuron that 

sends the signal.

 The synaptic cleft: This is the gap between the 

two neurons.
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 The  postsynaptic  neuron: This  is  the  neuron 

that receives the signal.

The  presynaptic  neuron  has  a  specialized  structure 

called  the  synaptic  terminal.  This  is  where  the 

neurotransmitters  are  released.  The  postsynaptic 

neuron  has  specialized  structures  called  dendrites. 

These  are  branched  extensions  of  the  neuron  that 

receive  neurotransmitters  from  the  presynaptic 

neuron.

The Function of a Synapse

When an electrical signal reaches the synaptic terminal 

of  the  presynaptic  neuron,  it  causes  the  release  of 

neurotransmitters.  These  neurotransmitters  diffuse 

across the synaptic cleft and bind to receptors on the 

dendrites of the postsynaptic neuron. This binding of 

neurotransmitters to receptors causes the postsynaptic 

neuron to either fire an electrical signal or not.
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The strength of a synapse, or how likely it is to transmit 

a signal, can change over time. This is called synaptic 

plasticity, and it is the basis of learning and memory. 

When  a  synapse  is  frequently  used,  it  becomes 

stronger.  When a  synapse  is  rarely  used,  it  becomes 

weaker. This allows the brain to constantly adapt and 

learn from its experiences.

Synapses and Brain Function

Synapses are involved in a variety of brain functions, 

including:

 Learning  and  memory: Synapses  are  the 

physical basis of learning and memory. When a 

synapse is frequently used, it becomes stronger. 

When  a  synapse  is  rarely  used,  it  becomes 

weaker. This allows the brain to constantly adapt 

and learn from its experiences.

 Attention: Synapses  are  also  involved  in 

attention. When we pay attention to something, 

the synapses that are involved in processing that 
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information  become  stronger.  When  we  stop 

paying attention, the synapses that are involved 

in processing that information become weaker.

 Decision-making: Synapses are also involved in 

decision-making. When we make a decision, the 

synapses  that  are  involved  in  processing  the 

information  relevant  to  that  decision  become 

stronger.  When  we  change  our  minds,  the 

synapses  that  are  involved  in  processing  the 

information  relevant  to  the  previous  decision 

become weaker.

 Emotion: Synapses are also involved in emotion. 

When we experience an emotion,  the synapses 

that  are  involved  in  processing  that  emotion 

become  stronger.  When  we  stop  experiencing 

that emotion, the synapses that are involved in 

processing that emotion become weaker.

Synapses and Brain Disorders
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Synapses  are  also  involved  in  a  variety  of  brain 

disorders, including:

 Alzheimer's  disease: Alzheimer's  disease  is  a 

neurodegenerative disorder that is characterized 

by  the  loss  of  synapses.  This  loss  of  synapses 

leads to a decline in cognitive function, including 

memory, learning, and decision-making.

 Parkinson's  disease: Parkinson's  disease  is  a 

neurodegenerative disorder that is characterized 

by  the  loss  of  dopamine-producing  neurons. 

Dopamine is a neurotransmitter that is involved 

in movement, reward, and motivation. The loss 

of  dopamine-producing  neurons  in  Parkinson's 

disease leads to a variety of symptoms, including 

tremors, rigidity, and difficulty with movement.

 Schizophrenia: Schizophrenia is a mental illness 

that  is  characterized  by  hallucinations, 

delusions, and disorganized thinking. The exact 

cause  of  schizophrenia  is  unknown,  but  it  is 
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thought to involve a combination of genetic and 

environmental factors.  Synapses are thought to 

be  involved  in  the  development  of 

schizophrenia,  as  people  with  schizophrenia 

have been found to have changes in the structure 

and function of their synapses. 
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 This extract presents the opening 

three sections of the first chapter.

Discover the complete 10 chapters and 

50  sections  by  purchasing  the  book, 

now available in various formats.
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This extract presents the opening three 

sections of the first chapter.

Discover the complete 10 chapters and 

50  sections  by  purchasing  the  book, 

now available in various formats.
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