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CHAPTER 2

NEUROSCIENCE AND BEHAVIOR

AGENDA
1- Neural Communication
· Neurons
· Neural structure
· Neural functioning 
· How neurons communicate
2- The Nervous System 
· Subdivision
       3 –  The Brain
· Neuroimaging techniques
· Lower level brains
· Cerebral cortex
· Functions of the cortex
· Motor
· Sensory
· Association
· Language

Biological Psychology (Psych)
(also neuro- or physiological psych or behavioral neuroscience)
· Establish connections between biology and behavior

Neural Communications
Neurons
· Nerve cells
· Basic unit of nervous system (NS)
· Sensory neurons
· Carry incoming information from sensory receptors to the brain/spinal cord
· Sensory input
· Motor neurons
· Carrying outgoing information from brain/ spinal cord to muscles and glands
· Motor output
· Interneurons
· Neurons in brain/spinal cord that communicate internally and intervene between sensory input and motor output

Neuronal Structure
Cell body 
· Contains:
· Nucleus 
· Cell life support structures

Dendrites
· A number of short branches
· Project from cell body
· Message receivers
· Send to cell body

Axons
· Fibre extending from neurons
· Message transmitter
· Sends messages from cell body down axon to terminal branches
· Message passed to other neurons/muscles/glands
Myelin Sheath
· Layer of fatty tissue (insulates from axons)
· Increases speed of impulses
· Multiple sclerosis is caused by degeneration of the myelin sheath (eventual loss of muscle control)
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· Nerve impulses can travel from speeds of 2 mph to 200 mph

Neuronal Functioning
Action Potential 
· Neural impulse as result of receiving signal or chemical message
· Brief electrical charge travelling down axon
· Electrochemical process
· Electrically charged molecules
Resting Potential 
· A polarization
· Resting axon: interior excess of  (-) charged ions
· Outside axon: excess of (+) charged ions
· Axon has closed gates to (+) ions
· Depolarization
· When neuron fires: 
· Gates open and (+) ions flood in
· Membrane depolarizes along its length
· Refractory Period
· Resting period after depolarization
· Neuron pumps (+) ions out (ion pump) and then resting potential again
· Threshold
· Minimum level of excitation stimulation required to trigger firing (all-or-none principle)
· Signals to dendrites and cell body can be inhibitory or excitatory and they combine
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How Neurons Communicate
· Terminal branches of axon of sending neuron (SN) are close to receiving neurons (RN)

       Synapse 
· Junction between end of axon of a neuron and dendrite or cell body of the next

Synaptic Gap
· Tiny gap at junction
· Neural impulse reaches terminals at end of axon
· Impulse triggers release of chemical messengers
(from sacs at end of axon)
	Neurotransmitter (NT)
· Chemical messengers
· Cross synaptic gap 
· Bind to receptor sites on RN
· Excite or inhibit an action potential in RN
Synaptic Vesicles
· Knoblike sacs that discharge NT’s
Reuptake 
· Processes by which excess discharged NT reabsorbed by SN
· Drugs can block reuptake 
· EX: SSRI Inhibitors (Prozac)
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The Nervous System
· Subdivisions

How NT’s Influence Us
· Over 70 different NT’s
· Dopamine (DA)
· Movement
· Attention
· Emotion
Dopamine Hypothesis of Schizophrenia:
· Too much
· Antipsychotics block DA receptor sites

Parkinson’s Disease
· Too little

· Serotonin
· Mood
· Hunger
· Sleep
· Arousal
· Levels raised by SSRI’s (anti-depessants)
· LSD: mimics

· Acetylcholine (Ach)
· Learning
· Memory
· Triggers muscle contraction
· Role in Alzheimer’s disease
· Nerve gases:
· Cause paralysis by destroying degrading enzyme

· Endorphins
· Natural opiate-like NT’s
· Released when in pain and during vigorous exercise
· Opiate drugs (analgesics) resemble endorphins in molecular shape
· Norepinephrine (NE)

How Psychoactive Drugs Alter Neurotransmission
· Psychoactive drugs
· Influence mental functioning and mood

Molecular Psychology
· Studies mental processes and their aberrations in terms of molecular interplay between neurons
· Different drugs can act in various ways at the same synapse
1. Mimic effect
2. Cause or block release
3. Occupy receptor site and block out normal NT
4. Block or increase reuptake
5. Block or increase degradation 
6. Blocks storage in pre-synaptic membrane
· Agonist:
· Drug that excites neuronal firing
· By mimicking or by blocking reuptake
· Antagonist
· Drugs that inhibit
· By blocking release
· Two subdivisions
1. Central Nervous System
a. Brain and spinal cord
2. Peripheral Nervous System
a. Nerves connecting CNS to other parts of body (sense receptors, muscles, glands)
· Spinal cord connects PNS to brain
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· Nerves
· Sensory and motor axons bundled together in PNS that connect to CNS
· Sensory Neurons
· Send info from sense receptors (skin, muscles, joints) to CNS
· Motor Neurons (in CNS)
· Send instructions to muscles and glands
· Interneurons
· In CNS
· Internal communication 

The Brain
· Neuroimaging techniques
· Seeing inside the brain
EEG (electroencephalogram)
· Amplified recording of waves of electrical activity that sweep across the brain’s surface
· Measured by electrodes placed on the scalp
CAT (CT) SCAN (computerized axial topography)
· X-rays through the head and measure the amount of radiation getting through can:
· Construct cross sectional picture
· Reveal brain damage
PET SCAN (positron emission tomography)
· Radioactive glucose injected
· Most active neurons will use and be most radioactive
· Can:
· Draw cross sectional pictures
· Identify:
· Epilepsy, blood clots, brain tumors
MRI (magnetic resonance imaging)
· Use strong magnetic field, radio-frequency pulses and computers to produce images of brain soft tissue
· Can:
· Detect tumors and spinal abnormalities of spinal cord
· Reveal info about mental functions
· Shows brain anatomy
fMRI (functional MRI)
· Reveals bloodflow, therefore brain activity by comparing successive MRI scans

Brain Structures
· 3 concentric layers
1. BRAINSTEM (central core)
· Regulates primitive behavior and survival functions
· Oldest and most innermost
2. LIMBIC SYSTEM
· Controls emotions
3. CEREBRUM
· Regulates higher intellectual processes

Lower Level Brain Structures
· THE BRAINSTEM
· Extension of spinal cord
· Crossover point for most nerves
· Medulla:
· As spinal cord enters skull
· Controls heart beat and breathing
· Slight swelling area
· Controls heartbeat/breathing
· Reticular Formation
· Neuronal network from spinal cord to thalamus
· Relay center for sensory inputs
· A filter for sensory messages
· Control of arousal level (sleep/wakefulness)
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Other Low Level Brain Structures
· Thalamus
· Top of brainstem
· Relay station directing incoming sensory information to higher brain regions
· All senses except smell
· Cerebellum
· Convoluted and at rear
· Coordination movements

LIMBIC SYSTEM
· Doughnut shaped structure
· Role in basic motives
· FOUR F’S
· Fighting (ANGER)
· Feeling (FEAR)
· Feeding (EATING)
· Mating (Sex)
· Includes hippocampus, amygdyla, hypothalamus
· Hippocampus 
· Critical role: storing new memories
· Amygdyla
· Two clusters
· Role in rage and fear
· Can produce:
· Placidity with lessons
· Aggression with electrical stimulation
· Hypothalamus
· Just below thalamus
· Centers regulate:
· Eating
· Drinking
· Body temperatures
· Sexual behavior
· Regulates endocrine system by controlling pituitary gland
· Important role in stress response
· Has reward centers
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Cerebral Cortex
· Higher control center
· Outer thin surface layer of cerebrum
· GRAY MATTER
· Cell bodies & unmyelinated fibres 
· WHITE MATTER
· Beneath cortex
· Myelinated and appears white
· Cortical Tissue
· 1/8 inch thick
· 20 billion nerve cells
· convolutions increase surface area
· GLIAL CELLS
· Hold neurons in place
· Provide nutrients
· Remove waste, dead neurons, foreign substances
· Outnumber neurons by 9 to 1

· Two Cerebral Hemispheres
· Right (RH) & Left (LH)
· Joined by corpus callosum (large band of neural fibers)
· Each divided into 4 lobes
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· Life side of brain controls right side of body (vice versa)
· Motor Cortex
· Area at rear of frontal lobes that controls voluntary movement
· Sensory Cortex
· Area at front of parietal lobes that registers and processes body touch and movement

Brain Plasticity
· Brain’s ability to change, especially during childhood, by reorganizing after damage or by building new pathways based on experience
Neurogenesis 
· The formation of new neurons
Split Brains
· People with severed corpus callosum
· Basically have 2 brains
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Endocrine System 
· “slow” chemical  communication system; set of glands that secrete hormones
· [bookmark: _GoBack]hormones are chemical messengers that are manufactured by the endocrine glands, travel through bloodstream, affect other tissue
· chemically identical to neurotransmitters
· closely related to the CNS
· endocrine messages tend to outlast effects of neural messages
· EX: when we feel scared, adrenal gland releases adrenaline (raises, blood pressure, heart rate, etc), surge of energy may last after danger passes
· Adrenal gland is a pair of glands above kidneys which excrete (nor)epinephrine (aka (nor)adrenaline) that helps arouse body in times of stress
· Most influential gland is pituitary gland 
· Pea-sized
· Located in core of brain
· Controlled by hypothalamus
· Master gland – influences growth/secretion influences other glands to release hormones
· Brain  pituitary  other glands  hormones  brain
image6.emf



survival functions: breathing, resting, and feeding. In lower mammals, such as ro-
dents, a more complex brain enables emotion and greater memory. In advanced
mammals, such as humans, a brain that processes more information enables fore-
sight as well.



This increasing complexity arises from new brain systems built on top of the old,
much as the Earth’s landscape covers the old with the new. Digging down, one dis-
covers the fossil remnants of the past—brainstem components performing for us
much as they did for our distant ancestors. Let’s start with the brain’s basement and
work up to the newer systems.



The Brainstem
The brain’s oldest and innermost region is the brainstem. It begins where the spinal
cord swells slightly after entering the skull. This slight swelling is the medulla (FIG-



URE 2.15). Here lie the controls for your heartbeat and breathing. Just above the
medulla sits the pons, which helps coordinate movements. If a cat’s brainstem is sev-
ered from the rest of the brain above it, the animal will still breathe and live—and
even run, climb, and groom (Klemm, 1990). But cut off from the brain’s higher re-
gions, it won’t purposefully run or climb to get food. 



The brainstem is a crossover point, where most nerves to and from each side of the
brain connect with the body’s opposite side. This peculiar cross-wiring is but one of
the brain’s many surprises.



Inside the brainstem, between your ears, lies the reticular (“netlike”) formation,
a finger-shaped network of neurons that extends from the spinal cord right up to the
thalamus. As the spinal cord’s sensory input travels up to the thalamus, some of it
travels through the reticular formation, which filters incoming stimuli and relays im-
portant information to other areas of the brain.



In 1949, Giuseppe Moruzzi and Horace Magoun discovered that electrically
stimulating the reticular formation of a sleeping cat almost instantly produced an
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::PET (positron emission tomogra-
phy) scan a visual display of brain
activity that detects where a radioactive
form of glucose goes while the brain
performs a given task.



::MRI (magnetic resonance imaging)
a technique that uses magnetic fields
and radio waves to produce computer-
generated images of soft tissue. MRI
scans show brain anatomy.



::fMRI (functional MRI) a technique for
revealing bloodflow and, therefore, brain
activity by comparing successive MRI
scans. fMRI scans show brain function.



::brainstem the oldest part and central
core of the brain, beginning where the
spinal cord swells as it enters the skull;
the brainstem is responsible for auto-
matic survival functions.



::medulla [muh-DUL-uh] the base of
the brainstem; controls heartbeat and
breathing.



::reticular formation a nerve network
in the brainstem that plays an important
role in controlling arousal.



Thalamus



Reticular
formation



Pons



Medulla



Brainstem



! FIGURE 2.15
The brainstem and 
thalamus The brainstem,
including the pons and medulla,
is an extension of the spinal
cord. The thalamus is attached
to the top of the brainstem. The
reticular formation passes
through both structures.
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frenzy (Deutsch, 1972; Hooper & Teresi, 1986). Some researchers believe that addic-
tive disorders, such as alcohol dependence, drug abuse, and binge eating, may stem
from a reward deficiency syndrome—a genetically disposed deficiency in the natural
brain systems for pleasure and well-being that leads people to crave whatever provides
that missing pleasure or relieves negative feelings (Blum et al., 1996). 



FIGURE 2.22 locates the brain areas discussed in this chapter, including the cerebral
cortex, our next topic.
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! FIGURE 2.21
Ratbot on a pleasure cruise
When stimulated by remote control,
this rat could be guided to navigate
across a field and even up a tree.
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Left hemisphere
Right hemisphere



Corpus callosum:
axon fibers connecting the
two cerebral hemispheres



Thalamus:
relays messages between
lower brain centers
and cerebral cortex



Pituitary:
master endocrine gland



Cerebellum:
coordinates voluntary
movement and balance
and supports memories
of such



Cerebral cortex Limbic system Brainstem



Cerebral cortex:
ultimate control and
information-processing
center



Hypothalamus:
controls maintenance
functions such as eating;
helps govern endocrine
system; linked to emotion
and reward



Reticular formation:
helps control arousal



Medulla:
controls heartbeat and
breathing



Spinal cord:
pathway for neural fibers
traveling to and from brain;
controls simple reflexes



Amygdala:
linked to
emotion



Hippocampus:
linked to
memory



! FIGURE 2.22
Brain structures and their functions
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The Cerebral Cortex



8: What functions are served by the various cerebral cortex regions?



Older brain networks sustain basic life functions and enable memory, emotions, and
basic drives. Newer neural networks within the cerebrum—the two large hemispheres
that contribute 85 percent of the brain’s weight—form specialized work teams that
enable our perceiving, thinking, and speaking. Covering those hemispheres, like bark
on a tree, is the cerebral cortex, a thin surface layer of interconnected neural cells.
It is your brain’s thinking crown, your body’s ultimate control and information-
processing center. 



As we move up the ladder of animal life, the cerebral cortex expands, tight genetic
controls relax, and the organism’s adaptability increases. Frogs and other amphibians
with a small cortex operate extensively on preprogrammed genetic instructions. The
larger cortex of mammals offers increased capacities for learning and thinking, en-
abling them to be more adaptable. What makes us distinctively human mostly arises
from the complex functions of our cerebral cortex.



Structure of the Cortex
If you opened a human skull, exposing the brain, you would see a wrinkled organ,
shaped somewhat like the meat of an oversized walnut. Without these wrinkles, a
flattened cerebral cortex would require triple the area—roughly that of a very large
pizza. The brain’s ballooning left and right hemispheres are filled mainly with axons
connecting the cortex to the brain’s other regions. The cerebral cortex—that thin sur-
face layer—contains some 20 to 23 billion nerve cells and 300 trillion synaptic con-
nections (de Courten-Myers, 2005). Being human takes a lot of nerve.



Supporting these billions of nerve cells are nine times as many spidery glial cells
(“glue cells”). Neurons are like queen bees; on their own they cannot feed or sheathe
themselves. Glial cells are worker bees. They provide nutrients and insulating myelin,
guide neural connections, and mop up ions and neurotransmitters. Glia may also
play a role in learning and thinking. By “chatting” with neurons they may participate
in information transmission and memory (Miller, 2005). 



Moving up the ladder of animal life, the proportion of glia to neurons increases. A
recent postmortem analysis of Einstein’s brain did not find more or larger-than-usual



neurons, but it did reveal a much greater
concentration of glial cells than found in
an average Albert’s head (Fields, 2004).



Stepping back to consider the whole
cortex, each hemisphere is divided into
four lobes, geographic subdivisions sepa-
rated by prominent fissures, or folds
(FIGURE 2.23). Starting at the front of
your brain and moving over the top,
there are the frontal lobes (behind your
forehead), the parietal lobes (at the top
and to the rear), and the occipital lobes
(at the back of your head). Reversing di-
rection and moving forward, just above
your ears, you find the temporal lobes.
Each of the four lobes carries out many
functions, and many functions require
the interplay of several lobes.
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::cerebral [seh-REE-bruhl] cortex the
intricate fabric of interconnected neural
cells covering the cerebral hemispheres;
the body’s ultimate control and
information-processing center.



::glial cells (glia) cells in the nervous
system that support, nourish, and pro-
tect neurons.



::frontal lobes portion of the cerebral
cortex lying just behind the forehead; in-
volved in speaking and muscle move-
ments and in making plans and judg-
ments.



::parietal [puh-RYE-uh-tuhl] lobes por-
tion of the cerebral cortex lying at the
top of the head and toward the rear;
receives sensory input for touch and
body position.



::occipital [ahk-SIP-uh-tuhl] lobes por-
tion of the cerebral cortex lying at the
back of the head; includes areas that
receive information from the visual fields.



::temporal lobes portion of the cere-
bral cortex lying roughly above the ears;
includes the auditory areas, each receiv-
ing information primarily from the oppo-
site ear.



• The people who first dissected and
labeled the brain used the language
of scholars—Latin and Greek. Their
words are actually attempts at
graphic description: For example,
cortex means “bark,” cerebellum is
“little brain,” and thalamus is “inner
chamber.” •



Frontal lobe Parietal lobe



Occipital lobe



The brain has left and
right hemispheres



Temporal lobe



! FIGURE 2.23
The cortex and its basic subdivisions
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patient doesn’t say “I don’t know.” Instead, the interpretive left hemisphere improvises—
“I’m going into the house to get a Coke.” Thus, Michael Gazzaniga (1988), who con-
siders these patients “The most fascinating people on earth,” concludes that the
conscious left hemisphere is an “interpreter” or press agent that instantly constructs
theories to explain our behavior. 
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“Point with your left hand
to the word you saw.”



or



“Look at the dot.”



“What word did you see?”



Two words separated by a dot
are momentarily projected.



(b)



(c)



(a)



! FIGURE 2.32
Testing the divided brain When an experi-
menter flashes the word HEART across the
visual field, a woman with a split brain
reports seeing the portion of the word trans-
mitted to her left hemisphere. However, if
asked to indicate with her left hand what she
saw, she points to the portion of the word
transmitted to her right hemisphere. (From
Gazzaniga, 1983.)



! FIGURE 2.33
Try this! Joe, who has had split-
brain surgery, can simultaneously
draw two different shapes.
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Neurons



1: What are neurons, and how do they transmit information?



Our body’s neural information system is complexity built from simplicity. Its building
blocks are neurons, or nerve cells. Sensory neurons carry messages from the body’s
tissues and sensory organs inward to the brain and spinal cord, for processing. The
brain and spinal cord then send instructions out to the body’s tissues via the motor
neurons. Between the sensory input and motor output, information is processed in
the brain’s internal communication system via its interneurons. Our complexity re-
sides mostly in our interneuron systems. Our nervous system has a few million sen-
sory neurons, a few million motor neurons, and billions and billions of interneurons.
All are variations on the same theme (FIGURE 2.2). Each consists of a cell body and its
branching fibers. The bushy dendrite fibers receive information and conduct it to-
ward the cell body. From there, the cell’s axon passes the message along to other neu-
rons or to muscles or glands. Axons speak. Dendrites listen.



Unlike the short dendrites, axons are sometimes very long, projecting several feet
through the body. A motor neuron carrying orders to a leg muscle, for example, has a
cell body and axon roughly on the scale of a basketball attached to a rope 4 miles
long. Much as home electrical wire is insulated, so a layer of fatty tissue, called the
myelin sheath, insulates the axons of some neurons and helps speed their impulses.
As myelin is laid down up to about age 25, neural efficiency, judgment, and self-
control grows (Fields, 2008). If the myelin sheath degenerates, multiple sclerosis re-
sults: Communication to muscles slows, with eventual loss of muscle control. 



Depending on the type of fiber, a neural impulse travels at speeds ranging from a
sluggish 2 miles per hour to a breakneck 200 or more miles per hour. But even this
top speed is 3 million times slower than that of electricity through a wire. We mea-
sure brain activity in milliseconds (thousandths of a second) and computer activity
in nanoseconds (billionths of a second). Thus, unlike the nearly instantaneous reac-
tions of a high-speed computer, your reaction to a sudden event, such as a child dart-
ing in front of your car, may take a quarter-second or more. Your brain is vastly more
complex than a computer, but slower at executing simple responses.



Neurons transmit messages when stimulated by signals from our senses or when
triggered by chemical signals from neighboring neurons. At such times, a neuron fires
an impulse, called the action potential—a brief electrical charge that travels down
its axon.
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::neuron a nerve cell; the basic building
block of the nervous system.



::sensory neurons neurons that carry
incoming information from the sensory
receptors to the brain and spinal cord.



::motor neurons neurons that carry
outgoing information from the brain and
spinal cord to the muscles and glands.



:: interneurons neurons within the brain
and spinal cord that communicate inter-
nally and intervene between the sensory
inputs and motor outputs.



::dendrite the bushy, branching exten-
sions of a neuron that receive messages
and conduct impulses toward the cell
body.



::axon the extension of a neuron, end-
ing in branching terminal fibers, through
which messages pass to other neurons
or to muscles or glands.



::myelin [MY-uh-lin] sheath a layer of
fatty tissue segmentally encasing the
fibers of many neurons; enables vastly
greater transmission speed of neural
impulses as the impulse hops from one
node to the next.



::action potential a neural impulse; a
brief electrical charge that travels down
an axon.



Dendrites
(receive messages
from other cells)



Cell body
(the cell’s life-
support center)



Axon
(passes messages away



from the cell body to
other neurons,



muscles, or glands)



Myelin sheath
(covers the axon 
of some neurons 
and helps speed
neural impulses)



Neural impulse (action potential) 
(electrical signal traveling
down the axon)



Terminal branches of axon
(form junctions with other cells)



! FIGURE 2.2
A motor neuron
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Neurons, like batteries, generate electricity from chemical events. The chemistry-
to-electricity process involves the exchange of ions, electrically charged atoms. The
fluid interior of a resting axon has an excess of negatively charged ions, while the
fluid outside the axon membrane has more positively charged ions. This positive-
outside/negative-inside state is called the resting potential. Like a tightly guarded facil-
ity, the axon’s surface is very selective about what it allows in. We say the axon’s
surface is selectively permeable. For example, a resting axon has gates that block posi-
tive sodium ions.



When a neuron fires, however, the security parameters change: The first bit of the
axon opens its gates, rather like manhole covers flipping open, and the positively
charged sodium ions flood through the membrane (FIGURE 2.3). This depolarizes that
section of the axon, causing the axon’s next channel to open, and then the next, like
dominoes falling, each one tripping the next. During a resting pause (the refractory
period, rather like a camera flash pausing to recharge), the neuron pumps the posi-
tively charged sodium ions back outside. Then it can fire again. (In myelinated neu-
rons, as in Figure 2.2, the action potential speeds up by hopping from one myelin
“sausage” to the next.) The mind boggles when imagining this electrochemical
process repeating up to 100 or even 1000 times a second. But this is just the first of
many astonishments.



Each neuron is itself a miniature decision-making device performing complex
calculations as it receives signals from hundreds, even thousands, of other neurons.
Most of these signals are excitatory, somewhat like pushing a neuron’s accelerator.
Others are inhibitory, more like pushing its brake. If excitatory signals minus in-
hibitory signals exceed a minimum intensity, or threshold, the combined signals
trigger an action potential. (Think of it this way: If the excitatory party animals
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“I sing the body electric.”
Walt Whitman, “Children of Adam” (1855)



! FIGURE 2.3
Action potential



“What one neuron tells another
neuron is simply how much it is
excited.”



Francis Crick, The Astonishing
Hypothesis, 1994



1. Neuron stimulation causes a brief
change in electrical charge. If strong
enough, this produces depolarization
and an action potential. 



2. This depolarization produces another action
potential a little farther along the axon. Gates in
this neighboring area now open, and charged
sodium atoms rush in.  Meanwhile, a pump in the
cell membrane (the sodium/potassium pump)
transports the sodium ions back out of the cell.



3. As the action potential continues
speedily down the axon, the first
section has now completely recharged.



Cell body end of axon



Direction of neural impulse: toward axon terminals
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the brain may use only one or two neurotransmitters (FIGURE 2.5), and particular
neurotransmitters may have particular effects on behavior and emotions. (TABLE 2.1



offers examples.) Acetylcholine (ACh) is one of the best-understood neurotransmitters.
In addition to its role in learning and memory, ACh is the messenger at every junction
between a motor neuron and skeletal muscle. When ACh is released to our muscle cell
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Receiving neuron



Sending neuron



1. Electrical impulses (action potentials) travel
down a neuron’s axon until reaching a tiny junction
known as a synapse.



3. The sending neuron normally reabsorbs
excess neurotransmitter molecules,
a process called reuptake.



Sending
neuron



Action
potential



Axon terminal



NeurotransmitterReceptor sites on
receiving neuron



Synaptic gap



Action potential



Reuptake



2. When an action potential 
reaches an axon terminal, 
it stimulates the release of 
neurotransmitter molecules.
These molecules cross the 
synaptic gap and bind to 
receptor sites on the
receiving neuron. This 
allows electrically charged 
atoms to enter the receiving 
neuron and excite or inhibit 
a new action potential.



Synapse



! FIGURE 2.4
How neurons communicate



! FIGURE 2.5
Neurotransmitter pathways Each of the
brain’s differing chemical messengers has
designated pathways where it operates, as
shown here for serotonin and dopamine
(Carter, 1998).
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The Nervous System
4: What are the functions of the nervous system’s main divisions?



TO LIVE IS TO TAKE IN INFORMATION FROM the world and the body’s tissues, to
make decisions, and to send back information and orders to the body’s tissues. All
this happens thanks to our body’s speedy electrochemical communications network,
our nervous system (FIGURE 2.7). The brain and spinal cord form the central ner-
vous system (CNS), which communicates with the body’s sensory receptors, mus-
cles, and glands via the peripheral nervous system (PNS).



Neurons are the nervous system’s building blocks. PNS information travels
through axons that are bundled into the electrical cables we know as nerves. The
optic nerve, for example, bundles a million axon fibers into a single cable carrying the
messages each eye sends to the brain (Mason & Kandel, 1991). As noted earlier, in-
formation travels in the nervous system through sensory neurons, motor neurons,
and interneurons. 
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Autonomic (controls
self-regulated action 



of internal organs 
and glands)



Somatic 
(controls voluntary 



movements of 
skeletal muscles)



Sympathetic
(arousing)



Parasympathetic
(calming)



Peripheral
Central



(brain and
spinal cord)



Nervous
system



Peripheral nervous system Central nervous system
! FIGURE 2.7
The functional divisions of the human
nervous system



The Peripheral Nervous System



Our peripheral nervous system has two components—somatic and autonomic. Our
somatic nervous system enables voluntary control of our skeletal muscles. As you
reach the bottom of this page, your somatic nervous system will report to your brain
the current state of your skeletal muscles and carry instructions back, triggering your
hand to turn the page.



Our autonomic nervous system controls our glands and the muscles of our in-
ternal organs, influencing such functions as glandular activity, heartbeat, and diges-
tion. Like an automatic pilot, this system may be consciously overridden, but usually
it operates on its own (autonomously).



The autonomic nervous system serves two important, basic functions (FIGURE



2.8 on the next page). The sympathetic nervous system arouses and expends en-
ergy. If something alarms, enrages, or challenges you, your sympathetic system



::nervous system the body’s speedy,
electrochemical communication network,
consisting of all the nerve cells of the
peripheral and central nervous systems.



::central nervous system (CNS) the
brain and spinal cord.



::peripheral nervous system (PNS)
the sensory and motor neurons that
connect the central nervous system
(CNS) to the rest of the body.



::nerves bundled axons that form neural
“cables” connecting the central nervous
system with muscles, glands, and sense
organs.



::somatic nervous system the division
of the peripheral nervous system that
controls the body’s skeletal muscles.
Also called the skeletal nervous system.



::autonomic [aw-tuh-NAHM-ik] nervous
system the part of the peripheral 
nervous system that controls the glands
and the muscles of the internal organs
(such as the heart). Its sympathetic 
division arouses; its parasympathetic
division calms.



::sympathetic nervous system the 
division of the autonomic nervous system
that arouses the body, mobilizing its
energy in stressful situations.
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