
Rochester Saturday Open Lab 
Summary – Vision Science Inquiries 

 
 
Timeline for the day: 
9:00 - 9:15   Welcome and introduction, food provided 
9:15 ~ 10:15   Inquiry Starters – teasers 
10:15 ~10:30   Break 
10:30 - 12:30  Inquiry 
12:30 - 1:30  FREE LUNCH!! 
1:30 - 2:30  Synthesis 
2:30 - 2:45  Break 
2:45 - 3:15  David Williams, Research Talk 
3:15 - 3:45  Tour of our labs 
3:45 - 4:15  CfAO internship presentation 
4:15 - 4:30  Wrap up and final remarks 
 
 
Physiology of the Eye Inquiries:   
 
Dan Gray, Julianna Lin and Jessica Wolfing 
 
CONTENT GOALS 
 
Accommodation 
 
• In order to focus on objects at different distances, the lens must change its shape. 
 
Axial Length Errors 
• Myopia (near-sightedness) is when the eye is too long; hyperopia (far-sightedness) is 

when the eye is too short. 
• Glasses correct for this by refocusing the object. 
• Positive lenses correct for far-sightedness and negative lenses correct for near-

sightedness. 
 
Image Inversion 
 
• The optics of the eye create an inverted image on the retina. 
• The brain flips the image so that the world looks upright. 



ACCOMMODATION INQUIRY 
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Question: 
How do people focus on objects at different distance while the distance from the lens to 
the retina is fixed? 
 
MATERIALS 
For teaser: 
• 1 optical rail  
• 14 cm lens, 10 cm lens 
• one lens holder 
• one diffuser 
• one “eYe” transparency  
• one screen 
• one fiber lamp with mount 
For inquiry 
• 2-3 rail setups like the teaser 
• more lenses of different focal lengths (lenses of the same size is important) 
• other transparencies 
 
TEASER 
• Have a print out of the letters “eYe” on the wall.  Ask participants to stand a good 

distance away: 20 ft.  Notice that it is in focus.  Then ask them to walk to within 2 ft 
of the wall.   Notice that the “eYe” is still in good focus.  

• Then take them over to the rail set up.   
• Show them that the ‘model’ eye focuses the light with the 14 cm lens. 
• Then move the object close to the eye and show that it is defocused 
• Then put in the 10 cm lens and show them that it is in focus 
• What is going on?  



 
NOTES 
• Want students to find out that the lens is flexible and provides a way to focus on 

objects at different distances. 
• Can use lens-maker’s equation to show that if the distance from the lens to retina is 

fixed, something else must be changing to accommodate for the different object 
distances. 

• May be helpful to hint that the distance from the lens to the retina is not variable in 
the eye.  

 
 

2 cases for accommodation teaser 
 
QUESTIONS GENERATED FROM SMALL GROUP INQUIRY STARTER 
• Why does the image get smaller? 
• Does the lens size change focus? 
• What affects focus? 
• Where does the light travel? 
• What flips it (image) upside down? 
• Is it just flipped or is it (image) reversed? 
• Why does text only show up when there is a lens? 
• Why is the fuzzy glass there? 
• Why does the image curve when there is no fuzzy glass? 
• Why is only the center in focus with no fuzzy glass? 
• Why is it (image) right-side up but revered as image in lens? 



• Why is it up-side down when lens is flipped? 
 
AXIAL LENGTH ERRORS 
 
Question: Why do glasses help people see better? 
 
MATERIALS 
 
For teaser 
• 3 rails 
• 3 13 cm lenses all of the same size 
• 3 lens holders 
• 3 diffusers 
• 3 “eYe” transparencies 
• 3 screens 
• 3 fiber lamps with mount 
• 1 negative and 1 positive trial lens, chosen for the most obvious demonstration of 

their effect.  
 
For inquiry 
• Can use three rails used for teaser 
• more lenses of different focal lengths (lenses of the same size is important) 
• other transparencies 
• many trial lenses 

 

Trial lens

 



 
 
Teaser:  Have three rail systems set up.  Two setups will have opposite axial errors, one 
will be perfect.  
• Show them that you get a perfect image with the first setup (they don’t know this, but 

the “retina” is in the correct location for perfect imaging) 
• Setup two will be myopic (length is too long) 

• Without a trial lens the image looks blurred (because of axial length error) 
• Adding a negative trial lens(pre-configured for the degree of myopia) the image 

looks clear 
• Setup three will be hyperopic (length is too short) 

• Again, without a trial lens the image looks blurred (because of axial length error) 
• Adding a positive trial lens (pre-configured for the degree of myopia) the image 

looks clear 
• The facilitator will show the participants that in each case, adding a specific trial lens 

makes the image clear, but switching the trial lenses makes the image blurry?  Why is 
this? 

 
NOTES 
• The aim of this inquiry is to have the participant understand what a positive and 

negative lens does. These are just like the lenses in your glasses. Once they know 
what the lenses are doing, they can deduce that the problem with near- and far-sighted 
people is that the length of their retinas are not optimal for their optics.   

• It may be important to tell the participants during the inquiry that the object to lens 
distance is fixed, but the retina to lens distance can be changed. This may be a helpful 
hint to add in during the investigation.  

 
QUESTIONS GENERATED FROM SMALL GROUP INQUIRY STARTER 
• Are the lenses the same? 
• Is this nearsighted and farsighted? 
• Does this represent the eye? 
• What are the differences in the set-ups? 
• Why does one pair of glasses keep the focused set-up (i.e. setup #1) focused but 

smaller? 
• What is the difference between the glasses? 
• What’s the difference between nearsighted and farsighted? 
• Why do nearsighted glasses work when focus is too far but not when too close? 
• What happens when we look through glasses? 
 
 
IMAGE INVERSION 
 
Question: When you look at the model eye or rail system, it appears that the image on 
the retina is upside down. However, in real life, we see the world right side up. What is 
going on? 



 
Teaser:  Doesn’t need its own teaser, this question may come about through observation 
of image inversion from the other two teasers 
 
• Use rail system/model eye to investigate why the image is inverted.   
• With the knowledge that our optical setups are equivalent to how our own eyes work, 

hopefully the students will realize that there is post processing in the brain that is re-
inverting the image. 

• Maybe the facilitator will challenge the students to invert the image using an 
additional lens.  They must keep in mind the human eye really only has one effective 
lens. 

 
Equipment 
• Same as other setups 
• Paper and other tools for creating other types of objects 
 
 
 
 
 



 

 
 
The working model eye can be used as a tool during the inquiry and also for the synthesis 
explanations.  Cost~$600 for the large version.   
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