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The visual pathways
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Visual Pathways

3. At the optic chiasm, axons
from the temporal halves
of each retina continue into
the optic tract on the same
side. Axons from the nasal
halves cross to the optic
tracts on the opposite side.

2, The axons of retinal
ion cells form
e oplic nerves,

1. The retinal image is
mverted and reversed

right to left compared |
to the visual field.

4. Most axons in the optic 5. Some axons in the
tract terminate in the

lateral gericulate nucleus, ||

optic tract terminate in
the superior colliculus.

6. Axons are sent back and forth
between the lateral geniculate
and the striate cortex via the
optic radiations,

Central Visual Pathways - Kiper

7. Most of the primary
visual cortex is on
the medial surface
of the human brain.

8. An especially large
proportion of
primary visual
cortex represenis
the foveal region.

Right primary
visual cortex

Calcarine
sulcus

9. The left primary
visual cortex gets —
input from both
eyes, but only from
the right visual field.

Left primary o
visual cortex a5

Calcarine
sulcus




Anatomy of the eye

Optic
Blood vessels nerve



Basic retinal circuitry

Receptor terminals (RT)
Horizontal cells (H)

Bipolar cells (B)

Amacrine cells (A)

Ganglion cells (G)

Optic nerve

Dowling, 1987 (Fig 3.17)
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Photon Noise

Transduction Noise

Channel Noise

Synaptic Noise
(from Berntson & Taylor, 2003)

Channel Noise

Synaptic Noise

Dendritic Morphology

(from van Rossum ot al, 2003)

Spike Generator
(from Dhingra & Smith, 2004)
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Visual field »
(retinal image) s

(Da Vinci,
1506)

Retinotopic Nonretinotopic
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The striate cortex (V1)

Hubel and Wiesel, 1979
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CORTEX V1
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Extrastriate cortex

{#) Maocague brain, lateral view (c) Visual areas in the macague cortex, unfolkded view

(1) Macaque brain, medial view

Superior
colliculus




Human extrastriate cortex

Dorsal Stream

Secondary Visual
Cortex (=Association) Primary Visual
N\ Cortex (=Striate)

Lateral Geniculate

Striate Cortex

Thalamus

/ Secondary Visual
Cortex (=Association)
Eye Optic

nerve Ventral Stream



What and Where
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Object Discrimination Landmark Discrimination

Ungerleider and Mishkin, 1982



A very important concept: The receptive field (RF)

The RF of a cell 1s the region of visual space in which
light can affect (increase or decrease) the cell’s firing
frequency.



The Receptive Field

Receptive Feld Receptive field
center surround
._{\ I/,.
Photoreceptor \ /,/
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™ Bipolar cell

Ganglion cell

(¢) An on<enter / off surround cell
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Cortical receptive fields

(b) Orientation-sensitive
cortical cell. This cell
responds strongly
only when the stimulus
is a vertical stripe.




Voltage amplifier
and oscilloscope
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External reference
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Intracellular recordings
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Carandini & Ferster (1999)



Extracellular recordings

Selectivity for stimulus orientation and direction in area V1:
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