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Autonomous Nervous System"

[from	  web]	  



Autonomous Nervous System"

h"p://www.becomehealthynowa.com/	  
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The Somatic Nervous System"
■  Consists of peripheral nerve fibers that send 

sensory information to the central nervous 
system & motor nerve fibers that project to 
skeletal muscle"



Knee Jerk Reflex"
■  What happened?"
■  Why?"

h"p://faculty.washington.edu/chudler/chreflex.html	  



Reacting to Changes"
■  You need to keep the conditions inside your 

body constant. Doing this is called 
homeostasis."
•   Small changes inside your body can cause its cells to 

be damaged or destroyed. Yet, there are big changes 
going on outside your body. "

■  You need to detect a change in the 
environment (a stimulus) and react to the 
change (a response) in a way that maintains 
homeostasis. "
•  When you do this without thinking, it is called a reflex. "



Knee Jerk Reflex"
■  What the stimulus?"

•  The hammer hitting the tendon which causes thigh 
muscles to stretch"

■  What is the response?"
•  The muscle contracts, "
    causing the foot to jerk "
    upward"



Another Example"
■  Here is a similar reflex in the arm, showing 

muscle length"
•  The weight dropping into the hand is the stimulus. 

Like the hammer tapping the knee, it stretches a 
muscle. "

•  The response is the muscle contracting, jerking the 
arm up."



Reflex Arc"
•  Basic	  func6onal	  unit	  of	  nervous	  system	  and	  simplest	  por6on	  

capable	  of	  receiving	  a	  s6mulus	  and	  producing	  a	  response	  
•  Automa6c	  response	  to	  a	  s6mulus	  that	  occurs	  without	  conscious	  

thought.	  Homeosta6c.	  

•  Components	  
–  Ac6on	  poten6als	  

produced	  in	  
sensory	  receptors	  
transmiGed	  to	  
spinal	  cord	  

–  Sensory	  neuron	  
To-‐Interneurons.	  
To-‐Motor	  neuron.	  
To-‐Effector	  

–  Effector	  organ	  
which	  responds	  
with	  a	  reflex	  



Stretch Reflex"



Sensory Neurons"
■  Vision, hearing, taste, smell, equilibrium, 

touch, pressure, warmth, cold, pain, 
proprioception (sense of position and 
movement), and visceral sensations."



Graded Potentials"
■  Hair cell of the inner ear, gustatory receptors and 

photoreceptors do not generate action potentials.  "

■  Their graded potentials=receptor potentials trigger release of 
neurotransmitter through exocytosis of synaptic vesicles and 
post synaptic potentials may trigger one or more nerve 
impulses which propagate along the axon into CNS."

hGp://www.cochlea.org/en/spe/cochlea-‐2.html	  

Hair	  cell	  

h6p://www.beyonddiscovery.org/
Includes/Dialogs/Closeup.asp?ID=1688	  



Graded Potentials"

Rod	  Photoreceptor	  	  



Action potentials"
■  When stimulated, free or encapsulated nerve 

endings of touch receptors, or olfactory 
receptors produce action potentials. "



Action potentials"



The Central Nervous System"

http://homepage.smc.edu/russell_richard/Psych2/Graphics/
1%20See-through%20brain.jpg 



Spinal Cord"
■  ~18 inches in length: from the base of the 

brain to about the waist."

■  31 segments "

■  The nerves that are situated within the spinal 
cord are called upper motor neurons (UMNs)"

•  Carry messages back and forth from the brain"

■  The spinal nerves that branch out from the 
spinal cord to the other parts of the body are 
called lower motor neurons (LMNs). "

•  Communicate with specific areas of the body"
•  sensory portions carry information about sensation from 

the skin such as pain and temperature to the brain"
•  motor portions send messages from the brain to the 

various body parts to initiate actions such as muscle 
movement  "

http://faculty.washington.edu/chudler/spinal.html 



Brain"
■  Weighs ~3lbs"
■  100 billion neurons"
■  60 trillion synapses"
■  77% cerebral cortex"



Hemispheres and Corpus Callosum"
■  Two hemispheres"

•  Left side of the brain 
controls the muscles on 
the right side and vice 
versa"

•  Also in general true of 
sensory system as well"

■  Corpus callosum"
•  A band of 200-250 

million nerves that allow 
both the hemispheres to 
communicate with each 
other"



Hemispheres and Corpus Callosum"



Directions and Planes of Section"



Directions and Planes of Section"

http://homepage.smc.edu/russell_richard/ 



Midsagittal Plane – Internal Structures"



Function: 
§  Coordination of muscle 

movement, balance, 
equilibrium, and posture 

Cerebellum"



Function: 
§  Control center for 

visceral activity like 
breathing, heart rate, 
digestion, coughing, 
swallowing and other 
involuntary activities 

§  Sub-regions: 
1.  Pons 
2.  Medulla oblongata 
 

 

1.	  

2.	  

Brain Stem"



§  Relay	  sta6on	  between	  
spinal	  cord	  and	  
cerebrum	  

§  Receives	  sensory	  
impulses	  from	  
receptors	  

§  Sorts	  and	  files	  
informa6on	  like	  a	  
secretary	  

Thalamus"



§  Key in homeostatic 
feedback 
mechanisms 

§  Links nervous and 
endocrine systems 

§  Body temperature, 
water balance, sleep/
wake cycles, hunger 

Hypothalamus"



§  Amygdala - 
Emotional center 

§  Hippocampus 
involved in long-term 
memory 

Limbic System"



Brain Cartography"

Sylvian or 
Lateral Fissure 

Gyri  - Ridge 
Sulci - Groove 
Fissure - Deep Grove 

Transverse 
Fissure 

Central sulcus Postcentral gyri 

Precentral gyri 



Brain Cartography"



Lobes of the Brain"



Brain lesions to infer function"
■  Broca area"

•  The patient could understand language but could not 
speak "

Broca Area 
Controls speech 



Brain lesions to infer function"
■  Wernicke area"

•  The patient could not understand language but could 
speak"

Wernicke Area 
Language processing 



Functional Organization of Cerebral Cortex"
Cortical Area" Function"

Prefrontal Cortex" Problem Solving, Emotion, 
Complex Thought"

Motor Association 
Cortex"

Coordination of complex 
movement"

Primary Motor Cortex" Initiation of voluntary 
movement"

Primary 
Somatosensory Cortex"

Receives tactile 
information from the body"

Sensory Association 
Area"

Processing of 
multisensory information"

Visual Association Area" Complex processing of 
visual information"

Visual Cortex" Detection of simple visual 
stimuli"

Wernicke's Area" Language comprehension"

Auditory Association 
Area"

Complex processing of 
auditory information"

Auditory Cortex" Detection of sound quality 
(loudness, tone)"

Broca's Area" Speech production and 
articulation"



Identify the brain structures"

B.  
A. 

C.  

D.  
E. 

F.  

G.  

hGp://williamcalvin.com/BrainForAllSeasons/img/bonoboLH-‐humanLH-‐viaTWD.gif	  



Identify the brain structures and lobes"

hGp://williamcalvin.com/BrainForAllSeasons/img/bonoboLH-‐humanLH-‐viaTWD.gif	  

Frontal Lobe Parietal Lobe 

Occipital Lobe 

Temporal Lobe 

Central Sulcus 

Transverse	  	  
Fissure	  

Sylvian/	  
	  	  	  	  	  	  Lateral	  Fissure	  

B.  
A. 

C.  

D.  
E. 

F.  

G.  



Cortical lobes"
A. 

B. 

C. 

D. 

E. 



Cortical lobes"
Primary Motor Cortex/ 

Precentral Gyrus 

Broca’s Area 

 Primary Somatosensory  
Cortex/ Postcentral Gyrus 

  Primary 
Visual 
Cortex 

Primary Auditory Cortex 

A. 

B. 

C. 

D. 

E. 



Broadmannʼs map"
■  Areas also differ based 

on microscopic 
structure and function"

1, 2, 3 = primary sensory cortex 
4 = motor cortex 
5, 7 = secondary sensory cortex 
6 = supplementary motor area (medial) and premotor 
cortex (lateral) 
8 = frontal eye fields 
9/46 = dorsolateral prefrontal cortex 
10 = frontopolar cortex 
11, 12 = orbitofrontal areas 
17 = primary visual cortex 
18, 19, 20, 21, 37 = secondary visual cortex 
24, 32 = anterior cingulate cortex 
41 = primary auditory cortex 
22, 42 = secondary auditory cortex 
39 = angular gyrus, part of Wernicke's area 
40 = supramarginal gyrus, part of Wernicke's area 
44/45 = Broca's Area 
47 Ventrolateral prefrontal cortex 



Brain lesions to infer function"
■  Gustavo Fritsch and Eduard Hitzig"

•  Electrical stimulation in dogs (1870)"





Motor Homunculus – Wilder Penfield"
14. Tingling from the knee down to the right foot. 
13. Numbness right leg, excluding the foot. 
12. Numbness in wrist, lower border, right side. 
11. Numbness in the right shoulder. 
3. Numb feeling in hand and forearm 
10. Tingling feeling in the fifth or little finger. 
9. Tingling in first three fingers. 
4. Felt like a shock and numbness in all 4 fingers 
7, 8. Felt sensation of movement in the thumb. 
5. Numbness in the right side of the tongue. 
6. Tingling feeling in the right side of the lip. 
 
18. Slight twitching of arm and hand like a 
shock, and felt as if he wanted to move them. 
2. Shrugged shoulders upwards;  
(H) Clonic movement of the right arm, shoulders, 
forearm, no movement in trunk. 
(A) Extreme flexion of wrist, elbow and hand. 
(D) Closure of hand and flexion of his wrist 
(E) . Slight closure of hand;  
(B) Patient states that he could not help closing 
his right eye but he actually closed both. 
(C) Made a little noise; vocalization. This was 
repeated twice. Patient says he could not help it.  

Penfield & Boldrey, 1937 

Central sulcus 



Motor Homunculus – Wilder Penfield"



Homunculus"



Units of Biological Computation : Neurons "



http://fau.pearlashes.com/anatomy/Chapter%2017/Chapter%2017.htm 

Classification of Neurons"



Soma or the Cell Body"
■  Main Components"

■  Nucleus"

■  Rough Endoplasmic 
Reticulum"

"
■  Smooth Endoplasmic 

Reticulum"

■  Mitochondrion"

■  Golgi apparatus"

■  Neural Membrane "

■  Cytoskeleton"
■  Microtubules"
■  Neurofilament"
■  Microfilament"



Axon	  terminal	  and	  the	  synapse	  
	  

Axon	  and	  axon	  collaterals	  

Neuroscience,	  Bear	  et	  al.	  3rd	  edi@on	  

Axon"



Astrocytes 

Oligidendroglial cell 

Glia"

Regulates chemical content of  
extracellular space 

Neuroscience,	  Bear	  et	  al.	  3rd	  edi@on	  



Resting Membrane Potential"
■  Three main players"

•  Salty fluids on either side of the membrane"
•  The membrane itself"
•  Proteins that span the membrane"



Cytosol and Extracellular Fluid"
■  Water is the main ingredient"

•  Main property: Uneven charge distribution"
■  Ions"

•  Cations: Na+, K+, Ca2+ "
•  Anions: Cl-"



Phospolipid Bilayer"





Proteins"



Movement of Ions - Diffusion"

No movement of ions 

Ion channels inserted to selectively  
allow molecules to cross-over 

Diffusion stops when the concentration 
On both sides match 

Impermeable membrane 

Neuroscience,	  Bear	  et	  al.	  3rd	  edi@on	  
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Movement of Ions - Diffusion"

No movement of ions 

Ion channels inserted to selectively  
allow molecules to cross-over 

Diffusion stops when the concentration 
on both sides match 

Impermeable membrane 

Neuroscience,	  Bear	  et	  al.	  3rd	  edi@on	  



Movement of Ions – Electrical Field"

No movement of ions 

Electrical current flows 
In the direction of cation 
movement 

Neuroscience,	  Bear	  et	  al.	  3rd	  edi@on	  



Establishing equilibrium"

A net accumulation of positive charge on the outside  
and negative charge on the inside retards movement of K+ 

An equilibrium is established such that there is no  
movement  of ions and there is a charge difference 

Neuroscience,	  Bear	  et	  al.	  3rd	  edi@on	  



Establishing equilibrium"

A net accumulation of positive charge on the outside  
and negative charge on the inside retards movement of K+ 

An equilibrium is established such that there is no  
movement  of ions and there is a charge difference 

Neuroscience,	  Bear	  et	  al.	  3rd	  edi@on	  



Typical Ionic Concentrations"



Sodium- Potassium pump"
■  Maintaining ionic concentration"



Reversal potential"
■   From Boltzmannʼs principle"

Pi , Po are proportion of molecules inside and proportion outside 
w is the work done to move molecule from the inside to outside when E=0 (Joules) 
e is the electronic charge (Coulomb)  
z is the valence of the ion (measure of # chemical bonds formed)  
E is potential difference between inside and outside (V) 
k is Boltzmann’s constant 
T is absolute temperature (Kelvins) 
 
 



Rule 1: log(exp(x)) = x; e.g. log(exp(10))=10 
 
 

Let ʻs calculate reversal potential for Na"
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Let ʻs calculate reversal potential for Na+"

e = 1.6 *10-19 C 
zNa =1 
k = 1.4*10-23 
T = 298 K (25oC) 
pi=50mM 
po=440mM 
 

 

At reversal potential no work is done so w = 0 

Lets substitute parameters for Na ions 
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Let ʻs calculate reversal potential for K+"

At reversal potential no work is done so w = 0 

Lets substitute parameters for k ions 
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Let ʻs calculate reversal potential for Cl-"

At reversal potential no work is done so w = 0 

Lets substitute parameters for k ions 
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Resting membrane potential"
■  Goldman Hodgkin and Katz equation"

! 

ENa,K,Cl =
RT
F
ln
PK [Kout ] + PNa[Naout ] + PCl[Clin ]
PK [Kin ] + PNa[Nain ] + PCl[Clout ]



Action Potential"



Action Potential"



Action Potential"



Refractory Period"


