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The Receptive Field
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The Receptive Field ï Area of retina where light changes neuronís firing rate

ï Fields change in shape and stimulus specificity.
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Microscopic Anatomy of the Retina—(cont.)
• Retinal processing also influenced by 

lateral connections
– Horizontal cells

• Receive input from 
photoreceptors and project to 
other photoreceptors and bipolar 
cells

– Amacrine cells
• Receive input from bipolar cells 

and project to ganglion cells, 
bipolar cells, and other amacrine 
cells
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ìBipolar cells have 
concentric receptive fields.

When the receptors 
surrounding the center 
receptors of the on bipolar 
receptive field are 
illuminated ("Light On") 
and the center receptors 
kept in the dark, the 
On-Bipolar cell is 
hyperpolarized.î

https://nba.uth.tmc.edu/neuroscience/s2/chapter14.html
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Bipolar Cell Receptive Fields

ï Receptive field: ON and OFF 
bipolar cells

ñ Receptive field: Stimulation in 
a small part of the visual field 
changes a cellís membrane 
potential.

ñ Antagonistic center-surround 
receptive fields
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Bipolar Cell Receptive Fields—(cont.)

• ON-center bipolar cell

– Depolarized by 
light in receptive 
field center

– Hyperpolarized 
by light in 
receptive field 
surround











Receptors
(Rods & Cones)

Bipolars

Ganglions

The Retina - Five Layers of Neurons

Horizontals  

Amacrines

Visual Pathway

Inter-Neurons  
(Lateral Inhibitors)
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RECALL:
Whether a neurotransmitter  

(like Glutamate)
is “Excitatory” or “Inhibitory”
depends on what effect it has  

on Post-Synaptic Cell

At junction of  
Receptors & Bipolars,  

Glutamate has an  
Inhibitory Effect

(letting Cl- into next cell)

At junction of  
Bipolars & Ganglions,  

Glutamate has an  
Excitatory Effect

(letting Na+ into next cell)

The Retina

Slide from Dr. Christine Johnson



The Retina

Spontaneous,  
Graded,

& Inhibitory

Spontaneous,  
Graded,

& Excitatory

Action Potentials  
& Excitatory

Visual  
Pathway
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The Retina

Spontaneous,  
Graded,

& Inhibitory

Spontaneous,  
Graded,

& Excitatory

Action Potentials  
& Excitatory

Spontaneous,  
Graded,

& Inhibitory

Graded
& Inhibitory

Visual  
Pathway

Inter-
Neurons

MNEMONIC
Once you get to the Ganglion  

Firing is All-or-None
Slide from Dr. Christine Johnson



Strange But True – Receptors are turned OFF by light

If Receptor cells are turned OFF by light
(really, turned down – reducing their release of NT)  

(i.e. If Dark Current is reduced by incoming light)  

how do they signal that light is present..???

ANSWER:
What matters is NOT what one cell does,  

but how they are CONNECTED!

Slide from Dr. Christine Johnson



By convention, when we draw neural circuits . . .

Cell Body

Axon
Excitatory

Inhibitory

Slide from Dr. Christine Johnson



Strange But True – Receptors are turned OFF by light

Receptor Bipolar Ganglion

In
the
Dark

“Do Not
Fire!” (Silence)

Tothe  
Brain
(No

Light)
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Strange But True – Receptors are turned OFF by light

In
the
Light

Receptor Bipolar Ganglion

“Do Not
Fire!” (Silence)

In
To the the
Brain Receptor Bipolar Ganglion Dark
(No

Light)

(Silence)
“YEEHAH!”

“Light!”
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Strange But True – Receptors are turned OFF by light

In  
Dim  
LightReceptor Bipolar Ganglion

“Do Not
Fire!” (Silence)

In
To the the
Brain Receptor Bipolar Ganglion Dark
(No

Light)

“YEEHAH!”
(Silence)

In

“Light!” the

Receptor Bipolar Ganglion Light

“Shhh!” “Psst”

“Dim  
Light”
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Strange But True – Receptors are turned OFF by light
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Microscopic Anatomy of the Retina

• Direct (vertical) pathway
– Ganglion cells

↑
– Bipolar cells

↑
– Photoreceptors 
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Laminar Organization of the Retina
• Seemingly inside-out layers
• Light passes through ganglion cells and bipolar cells before 

reaching photoreceptors.



Connectivity Patterns

play a critical role in  information-
transmission functions

e.g. Acuity in Cones

e.g. Sensitivity in Rods
e.g. Receptive Fields

e.g. Simultaneous Contrast

Slide from Dr. Christine Johnson
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Regional Differences in Retinal Structure

• Structure varies from fovea to 
retinal periphery.

• Peripheral retina
– Higher ratio of rods to cones
– Higher ratio of photoreceptors 

to ganglion cells
– More sensitive to low light
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Regional Differences in Retinal Structure—(cont.)

• Cross section of fovea: pit in retina where outer layers are 
pushed aside

– Maximizes visual acuity
• Central fovea: all cones (no rods)

– Area of highest visual acuity



Convergence

Cones 1:1 or Few:1
(Cones per Ganglion,

on average across retina, 6:1)

Rods Many:1
(Rods per Ganglion,

on average across retina, 120:1)

Cones show LOW convergence Rods show HIGH convergence

Slide from Dr. Christine Johnson



A
B
C

CONES
1:1

Cone:Ganglion

High Acuity

Due to  
connectivity pattern,

details are  
preserved
A
B
C

Connectivity Matters

C
B
A
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Connectivity Matters

RODS
Many:1

Cone:Ganglion

A
B
C

Poor Acuity

Due to  
Connectivity pattern,

details are  
lost

?

C
B
A
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CONES
1:1

Cone:Ganglion

Low Sensitivity

Light not 
perceived

Dim light

Connectivity Matters

...but not enough activity from each Bipolar
to cross the threshold for  

Ganglion to fire

Each cone  
reacts slightly...

Slide from Dr. Christine Johnson



RODS
Many:1

Cone:Ganglion

High Sensitivity

Light  
pereceived

Dim light

Connectivity Matters

...and activity of Bipolars summates,  
sufficient to cross the threshold for

Ganglion to fire

Each rod  
reacts slightly...
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Although note...

• Yes, Rod connectivity accounts, to a large extent, for the  
SENSITIVITY of the Rod system . . .

• But, also, Rods are LARGER and have MORE PHOTO-PIGMENT  
than Cones do, & this also contributes to sensitivity

• That is, there is a better chance that a given photon of light  
will hit a Rod than a Cone, so in low light,

Rods are more likely to be the receptors to respond

MNEMONIC
More and bigger rods,  

Better the odds!

Slide from Dr. Christine Johnson



Receptive Field

Ganglion X has a  
Small Receptive field

= Set of Receptors whose activity influences  
the activity of a “Target” cell

Ganglion Y has a  
Large Receptive field

Slide from Dr. Christine Johnson
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