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Orientation
Medial Lateral—middle of the body/side of body
Anterior-Posterior—brain(front of head/back of head)
Superior-Inferior—brain (upper portion of head/lower portion of head)

Slices
Horizontal (side to side)
Coronal (up and down)
Sagittal (front to back)

IMAGING TECHNIQUES
Anatomical techniques
Slicing the human brain
Viewing macrostructures with the human eye or under a microscope
Appropriate for cadavers
MRI (Magnetic Resonance Imaging)
Advantage: provides high resolution images of the human brain
Problems:
Provides only static view
Provides images of structures but does not indicate their functions
Resolution is limited
Very expensive
Does not provide an image of the active brain
In the clinical setting—observe functions lost because of brain injuries (trauma, stroke, tumours, etc.) 
Problem: human brain injuries are often widespread and not very specific
Experimental—lesion a specific part of the brain of animals to determine its function, stimulate a specific part of the brain to discover the function it controls
Optogenetics: giving certain nerve cells a gene that reacts to stimuli (a certain colour/intensity light) that makes the nerve cell fire 
Problems: Difficult to know what an animal is experiencing 
Human Stimulation
Transmagnetic Stimulation (TMS)
Deep Brain Stimulation
PET (Positron Emission Tomography)
Older technique 
Advantages:
Provides an image of the function of various structures of the brain
Indicated which areas are active (and require glucose) for a task to be completed
Disadvantages:
Invasive. Requires deoxyglucose to be injected into the blood
Very slow—blood circulates slowly whereas brain makes rapid decisions
PET show an image of the areas that were active within 1-2 minutes
Expensive 
Functional MRI (fMRI)
Uses MRO scan
Indicates which areas are active, and require oxygen, for a task to be completed
Visual processing
Disadvantages:
Slow. Can rake 200-500 miliseconds to obtain image
Imaging techniques
EEG/Evoked Potentials 
Electrodes attached to the scalp
View brain activity
Evoked potentials
Evoked potentials
When a stimulus is presented, the changes in electrical activity is very rapid
Poor spatial resolution
Advantages of both: Rapid—processing changes in 1 milisecond 

THE NERVOUS SYSTEM

The Peripheral Nervous System 
Sensory Receptors 
In the body and also specialized receptors in the head
Sensory “nerves”
“nerve” group of axons
Afferent input from the sensory to the CNS
In the body (somatic)
In the head (“senses”)
Motor Nerves
Efferent output from the CNS to the muscles motor action
Muscles
In the body and head/face
Heart, lungs, stomach, gut (autonomic nervous functions)

Autonomic Nervous System
Sympathetic (arousing; need for action and energy)
Parasympathetic (calming; return to normal functioning)

The Spinal Cord
Grey matter: central region, greyish colour due to densely-packed neurons in this region are not surrounded by a myelin sheath 
Neurons are very short 
Very elaborate inter-neuronal communication
Permits flexibility in behavior
The complexity of inter-neuronal communication that will lead in evolution to complex behaviour such as learning, memory, etc
Flexibility of behaviour is also called “plasticity” or soft-wiring
White Surround Region: surrounding the central grey region is the white “surround”
Axons that are myelinated 
Consists of ascending “sensory” pathways that ascend from the spinal cord to the brain, and the descending “motor” pathways that descend from the brain to the spinal cord
Ganglia
(note cranial nerve X)
Monosynaptic reflect: sensory input  motor output 

Divisions of the Brain

Hindbrain—medulla, pons

Midbrain—collectively, the medulla, pons, and the midbrain form what is called the brainstem

Forebrain—diencephalon; cerebrum 

THE BRAINSTEM
Medulla, pons, midbrain
Specialized senses of the head
Head muscles—eye and ear movement, facial muscles, tongue, lips, etc.
Life support systems—temperature, heart, respiration 
Sleep/wake cycle
Reticular activating system
All sensory pathways send messages through the system

THE CEREBELLUM
Sits over the brain stem
Inter-neuronal communication within the cerebellum is enormously complex
Most of our motor skills must be learned
Formation of these “motor memories”, motor, programmes, and circuits are stored in the cerebellum
Not conscious of the motor programmes 

THE DIENCEPHALON
Thalamus
Receives input from all sensory systems (exception olfaction)
Massive grey area with complex neuronal communication
Has specific sensory nuclei 
Also many “association” areas
Acts as a filter for the neurocortex 
Determines what is relevant and what messages to send to the neurocortex for processing
You wont become aware of things deemed irrelevant 
Hypothalamus
Located at the base of the brain
“Life control center”
Part of the autonomic nervous system 
The hypothalamus has many subdivisions each of which controls the basic needs and drives of the organism: eating, drinking, mating, temperature regulation
Connected to the endocrine system through the pituitary gland and ultimately controls it 
Monitors the level of hormones circulating in the blood 

Endocrine System
Hormones are released into the blood
Their action is general
Results in nonspecific “drives” and “urges”
Their action is slow and long-lasting
Neuron:
Direct contact with target
Communicates via neurotransmitters

THE CEREBRUM
6 layered
neocortext—6 layered grey matter
Complex interconnections
Sulci and Gyri
Longitudinal, central, and lateral fissures
Serve as landmarks for zones of the brain
Frontal, parietal, temporal, occipital lobes
Pre-central; post central gyrus
Corpus callosum  


SENSORY/MOTOR CORTiCES

Sensory
Vision (occipital lobe)
Audition (gyrus of Heschl—temporal lobe)
Somatosensory (post-central gyrus—parietal lobe)
Motor (pre-central gyrus—frontal lobe)
Cerebellum

Primary Sensory Cortices
Detect basic features of stimulus input
Location
Duration
Intensity
Pitch; colour 

Motor
Speech Areas 
One hemisphere is specialized for speech
Broca’s area—communication aspects
Sensory/Receptive area—Wernicke’s area 
Non-dominant hemisphere: “tonality”; emotional expression (usually right hemisphere)

Association Areas
 Massive areas of the frontal, parietal lobe, temporal lobe, and portions of the occipital lobe


Frontal Lobe
motor aspects
pre central gyrus
Broca’s area
Puts things in logical, sequential order
Selective attention, concentration, “will” or initiative
Initiator of appropriate action
What will I attend to?
Inhibitor of inappropriate actions (social norms)
Insight, logic, feedback
Consciousness, self-consciousness, personality
Time for frontal lobe to mature in humans: 18 years 

CONSCIOUSNESS & SELF CONSCIOUSNESS
Attention and consequences
Knowing/understanding consequences 
Sequencing/planning
Prediction of the future 
Theory of Mind
Understand and identify the thoughts, feelings, and intentions of others 

Parietal Lobe
Post Central gyrus
Wernicke’s area
Permanent memory systems
Unsure of how/where they are stored
Naming objects
The ability to switch attention if appropriate 

HEMI INNATTENTION; HEMI NEGLECT


Temporal Lobe
Auditory cortex
Archicortex: hippocampus, amygdala
Wernicke’s area
Short term memory systems
Emotional (aggressive) systems
Amygdala 

HIPPOCAMPUS/AMYGDALA
The hippocampus appears to be specialized for the storage of short-term memories
 If the [image: ]information is relevant enough, the hippocampus can allow for the transfer of short-term memories into permanent memory. 
If the hippocampi (the hippocampus is embedded in both the left and right hemispheres) is severed, the patient we will not be able to learn anything new. 
the patient will be unable to transfer information from the short-term to permanent, long-term memory. 

HEMISPHERE DIFFERENCES
Dominant Hemisphere
Language
Mathematical operations
Logic
Non-dominant hemisphere
Spatial construction/block design
Face recognition
Tonality/emotional expression/music
CORPUS CALLOSUM 
CommissureConnects the left hemisphere to the right and allows the dominant to communicate with the non-dominant and vice versa 

LIMBIC SYSTEM
Emotional system of the brain 
Olfactory nerve, amygdala, hippocampus, septum, hypothalamus 
Frontal lobe 
Survivial of the individual species (four F’s)
FOUR F’sFeeding, fighting, fleeing, mating
Sympathetic branch
Provide energy—increase heartbeat, respiration, dilate of skeletal muscles; constrict arteries of skin; inhibit digestive system
Parasympathetic branch
Conserve energy—slow heart beat 

AUTONOMIC NERVOUS SYSTEM
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