DEMONSTRATIONS OF THE HUMAN EYE
Here are some demonstrations to do when discussing the human eye with your class. The main thing that you need is a darkened room.

Demo 1: show that the fovea is where the best image is


[lighted room]

Background: fovea: the part of the retina where there is the best focus from the lens. It is directly back from the lens. It is a tiny dimple in the retina. It is the centre of the area called the macula lutea.

Method
(i) Hold out your right arm. “Class, look at my right hand.”

(ii) “Can you see my face?” Yes.

(iii) “Oh, so you’re looking at my face?” “No, we are looking at your hand.”

Now discuss the concept of looking at something:

(iv) How can you see my face if you are looking at my hand? How do you know when you are looking at something?

(v) Extension: have the students look at their finger, and at the same time try to read a sentence from their text book with their peripheral vision. 

Point to make: when you look at something you turn your eye so that the image of the object is projected right on the fovea – this is where the best focus is.

Demo 2: Show that there are no rods in the fovea (only cones) 

Background: there are 3 types of cones – so that colours can be identified. Cones require a lot of light – they don’t work in the dark. Only one type of rod cell – you can’t see colour in the dark, even though the colour is still there.

Method
(i) make the room really dark

(ii) make a smallish chalk circle on the board

(iii) when students look right at it, they won’t be able to see it, only when they look slightly to the side so that the image is not directly on the fovea.

This is the same way you have to look at faint stars at night. Look slightly to one side of them to see them.

Demo 3: show that rods are sensitive to blue light and not red

Method: 

(i) get two coloured objects: a rich darkish red one, and a darkish blue one (between royal and navy blue). The two objects should look about the same ‘brightness’ (colour saturation) in normal light.

(ii) Make the room very dark and wait for your eyes to adapt. Hold up each object.

(iii) The blue one will look gray and the red one will look black (or at least lighter and darker gray).

Your rods are the only light-sensitive cells that are working in the dark. They can detect blue light, but not red.

Implication: You can use a red flashlight to look at maps, etc. in the dark without destroying your night vision.

Try it with the class – get a dark red piece of plastic and put it over a flash light. Shine it in their eyes (in the darkened room) and see if they can still see the same amount of detail as before.

Demo 4: dark adaptation

Background: normal daylight is so intense that it bleaches the pigments in the rods and they are do not function at all. Your eyes have two mechanisms to adapt to darkened conditions: (i) through nerve circuits, you can partially adjust to darkness quickly (10 seconds), (ii) full dark adaptation occurs when the pigments in the rods have time to regenerate completely. This takes 5-10 minutes.

There are two phases to dark adaptation. The first is done be the neurons in the retina and is fairly quick. However, to see in really low light levels the rhodopsin in the rods must regenerate (it gets bleached by photopic (and mesopic?) levels of light). This takes around 15 minutes.  [This may be hard to demonstrate easily.] This is why tunnels have  bright lights at their entrances, but less light further in. Your eye  needs time to adjust to reduced light levels (you don't want to drive suddenly into a black hole).

You can also show that it takes a certain amount of time to bleach the visual pigments, by waiting until your eye is dark adapted and then flashing the lights on and off quickly. Your night vision is hardly  impaired at all.

??  I forget what this is called, but in lower light levels your retina joins more receptors together before feeding the signal to the optic nerve. This means that in reduced light your resolution decreases. I guess this is designed this way because there are fewer photons  ... no I have forgotten the reason ( and my notes are at school). You can see this by looking at a small object and a larger object both of the same brightness (in low light conditions). The smaller object may disappear completely from your vision.

Method

1. make a fairly large contrasting spot on the board, and a smaller one next to it (e.g. white on black or vice versa). 

2. turn off the lights and see how long it takes to see each one. [this could also be done with greater and lesser contrasting spots]


Demo 4b

3. bleaching doesn’t occur at once.
( flash the lights on and off. Night vision should still be the same

4. TRICK: to see in dark and light, cover one eye, then turn on the lights for whatever you need, then turn off the lights. The covered eye will still be able to see in the dark. 

Demo 5: show blind spot – this is a common demo. Get it from the web somewhere.

Demo 6: spherical aberration?? and pin-hole effect for myopia

For students who need glasses to see distances:

1. remove glasses

2. make a small hole (large pinprick) in a piece of paper, 

3. look through it at a distant object and it should be in focus.

You can also make tiny holes to look though with your fingers.

The tiny hole works as a pin-hole camera – everything is automatically in focus (with bright enough light)

Demo 7: security microprinting features on cheques

Demo 8: flicker

The periphery of the retina is much more sensitive to flicker. Just look  at a TV screen/ monitor/ fluorescent light out of the corner of your eye.  This may be due to the rods, but I don't know the significance of it.

