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What’s Where on Your Retina

I Resolving Power
The resolving power of any detecting device is its ability to distinguish two stimuli from one.  

In any sensory system in the nervous system of an animal, resolving power depends on the size of the receptive field that reports to a single neuron.  Sense organs are usually divided into overlapping receptive fields, so that stimulating a particular spot on the surface (of the skin, or retina, for example) actually sends signals to more than one neuron.  Comparing the responses of all the neurons gives information about the number, size, and location of stimuli.

The key to resolving two stimuli is to have an unstimulated receptive field between two stimulated ones.  Some pairs of stimuli are indistinguishable from a single stimulus.  As shown in Figure 1, a single stimulus, A, that falls in two receptive fields (as all stimuli do, since the fields overlap) will produce the same response as two stimuli, B and C, if these stimulate the same two receptive fields.  In other words, the two stimuli cannot be resolved.  Two stimuli (D and E) that affect two receptive fields separated by an unstimulated field, however, produce a different signal, and the organism can resolve the two.   The smallest distance between two stimuli that can be resolved gives us an indication of the size of the receptive fields.
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Figure 1.  Three different placements of stimuli in three receptive fields.

A On your skin.  To demonstrate the size of receptive fields for pressure detectors in your skin, we will try to determine the two-point discrimination threshold for two regions of your body.  We will choose the regions by consensus.

Take the dividers and set the points some arbitrary distance apart.  Gently poke your subject, taking care not to depress the skin, sometimes with only 1 point, sometimes with both points, varying your presentation so she does not learn the pattern.  After each poke, she should report whether she felt one or two points.

If she correctly distinguishes two points 10 times out of 10, make the points closer together and try again.  If she gets it right less than 8 times out of 10, spread them farther apart.  Stop when you find the separation that results in an 80% success rate.  Measure the distance between the points and write it down.

Repeat for another part of the body.

Switch roles and repeat.

Compare results with the rest of the class.

B On your retina.  The surface of your retina is divided into receptive fields, just as your skin is.  The individual photoreceptive cells report as part of a group to a bipolar cell in the next layer of the retina, and that bipolar cell reports to a ganglion cell.  Each photoreceptor belongs to more than one such receptive field, so the fields overlap, just as they do on your skin.  

A picture like that given in Figure 2 will be hung on one wall of the room.  Stand as far away from it as you can, then walk toward it.  Stop when you can tell which of the gray bars is actually two black lines with a 1 mm white space between them.  Measure your distance from the wall.

Use the observer’s triangle to calculate the smallest angle you can resolve.
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Figure 2.  Images used to measure the resolving power of the eye.

Organization of the Retina

C Blind spot.  To find your blind spot, cover your left eye and look at the diagram below with your right eye.  Hold the paper at arm’s length and stare at the dot on the left, but pay attention to the cat on the right.   Slowly bring the paper toward you, and note what happens to the cat.  (You may test your left eye, too, by turning the paper upside down.)  It is important to notice that there is no apparent “hole” in your vision.  Your brain fills in the gap and the paper seems uniformly white.
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D Pattern of blood vessels.  The retina is nourished via the circulatory system.  With some patience, you can see the network of blood vessels, all leading to the optic nerve, where they exit the eye.  Close your eyes, and hold a penlight just above your closed eyelid, on the temporal side, and wiggle the light back and forth slightly.  The vessels cast visible shadows in a branching pattern, leading to a point of origin just off center.  There are no vessels in your fovea.  

	Nasal side
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	Temporal side


Figure 3.  Photo of a normal fluorescein pattern on the retina of a left eye, as seen by looking into the eye through the pupil.  The network of blood vessels is white, and the fovea, which has no vessels blocking it, is dark.  
(from Ocular Times.com http://www.geocities.com/ocular_times/fa.html)  

E Periphery vs. fovea.  

1 Resolving power.  You have already calculated the resolving power of your fovea.  To compare that to the resolving power of your peripheral vision, hold the card with the varying size pairs of lines at arm’s length straight out to the side.  Fix your gaze on something dead ahead and don’t move your eyes.  Wiggle the card gently as you slowly bring it around toward the front, noticing whether or when you can distinguish the pairs of lines.  Try it again with the other size lines.  What does this tell you about the size of receptive fields?

2 Color vision.  Using the same technique you did to check resolving power, see how far around toward the front the card must be for you to detect the colors of the dots.

3 Rod vision (depends on ability to make it dark).  If you can get your eyes dark adapted, stare at the little glow-in-the-dark dot, then shift your gaze slightly and watch for changes in brightness.

F Color vision in fovea.  With a partner, find out where you have to stand to be unable to distinguish all the colored dots on the card.  When you get farther away, what happens to the blue dot, the red dot, or the yellow dot?   What does this suggest about the receptors in the fovea?  How far away do you have to stand to get the image of the 6mm dot entirely on your 1.5 mm fovea?

Explain the fovea

G Draw a schematic diagram of red light and blue light from the same source being refracted by a lens.  Remember that when the refractive index of the material the incident ray travels (ni) in is lower than that of the material the refracted ray travels in (nr), the ray is bent toward the normal; when ni is higher than nr, the ray bends away from the normal,
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and the greater the difference between the refractive indices, the more the ray bends.
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H Explain in terms of refraction how the peculiar color sensitivities of the fovea improve visual acuity.

Study Questions

I What is a receptive field?

J What does resolving power mean, and how does it pertain to receptive fields?

K Where are your visual receptive fields smallest and how can you tell?

L The fovea is where you have your sharpest vision.  What factors contribute to that sharpness?   What is missing from the fovea, and how can you tell?  (Hint one:  use color mixing theory.  Hint two:  dim stars.)

M Where is your dim light vision best, and how can you tell?

N How does your peripheral vision differ from your central vision, and how can you tell?

O Why are three colors enough to mix all the others?

P Why can’t you see color in dim light?

Q Why do astronomers use red light at night on their flashlights and gauges while they are looking through telescopes?
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