
Physics 1CL                      ·OPTICAL INSTRUMENTS AND THE EYE                          SPRING 2009 

 
 

© 2005 UCSD-PERG Page 1  

Introduction 
 
Most of the subject material in this lab can be found in Chapter 25 of Serway and Faughn. In this 
lab, you will make your own telescope and measure its performance (Experiment A).  IT IS 
IMPERATIVE THAT YOU READ CHAPTER 25 BEFORE COMING TO LAB!  You will 
study your own eye as an optical instrument and measure the distance on your retina from the 
fovea to the “blind spot” (Experiment B).  You will also study a model of the eye, and examine 
the ability of the lens to bring an object into focus at different distances.  You will examine how 
an abnormal eyeball causes blurred vision and how to correct this (Experiment C).  There is only 
one station with the model of the human eye.  Whenever that station becomes available, take a 
few minutes at that station to perform Experiment C. 

The Human Eye 
The figure shows a cross section of a human eye.  Light is refracted at the surface of the cornea, 
and is refracted again as it passes through the 
“crystalline” lens. In a normal eye, light is 
perfectly focused on the receptors in the 
retina where signals are generated in nerve 
fibers and transmitted to the brain. An 
inverted image is formed on the retina, but the 
brain “expects” this as normal and is wired to 
recognize this as normal. Unless you are 
studying details of the function of the eye, we 
can consider it to be a single lens (where the 
focal length can be varied), and a fixed 
distance from the lens to the retina where we 
would prefer to make sharply focused images. 
The table shows the optical power (diopters) of the various surfaces in the eye for a human aged 
about 20 years.  
 

Refracting Structure Relaxed eye (diopters) Most converging eye (diopters) 
Air-cornea interface 45 45 

Lens 14 24 
Entire eye 59 69 

 
The relaxed eye focuses an object at infinity perfectly on the retina. These rays are shown in the 
figure.  “Relaxed” means that the muscles controlling the lens are relaxed and the lens has its 
lowest power and longest focal length. If we struggle to focus on objects very close to our eyes 
the muscles controlling the lens tense, the lens gets fatter in the center, its power increases and its 
focal length decreases. This is the ‘most converging eye”. A “normal eye” has a far point (the 
maximum distance at which it can focus) of infinity, and a near point (closest distance at which 
the eye can focus) of 20 cm or less. The eye “accommodates” to these changes by flexing the 
muscles controlling the lens, ie changing the focal length. The image distance (between the lens 
and the retina) is fixed.   
 
 



Physics 1CL                      ·OPTICAL INSTRUMENTS AND THE EYE                          SPRING 2009 

 
 

© 2005 UCSD-PERG Page 2  

Pre-Lab Questions: 
 

1. Measure your own “near point” and “far point.” (Hint:  read Serway 25.2)  If you wear 
corrective lenses, do this with them on.  

 
2. An optometrist measures the power of a lens in diopters (D). The formula defining 

diopters is: 

lens power (in diopters) = 1 / focal length (in meters) 
For example, if f = –50 cm, lens power = –2.0 D.  Assume that the distance from the lens of 
your eye to the retina is exactly 1 inch (in effect, the image distance).  Calculate the power of 
the lens in your eye (in diopters) for both your far point and near point.  The difference 
between these two lens powers is called the “power of accommodation”, and it decreases 
with age, as shown in the table below: 

Age (years)  10     15     20     25   30    35     40    45     50     55     60      65   
Accommodation (D) 14     12    10     8.5    7    5.5    4.5   3.5    2.5    1.7    1.0      0.5   

Does your power of accommodation agree with the table? 
3. When your eye is relaxed, does the lens have its largest or shortest focal length? In this 

state, can you see more clearly at a distance or up close?  Is the lens at its fattest or 
thinnest? 

4. Review section 25.5 of the text. If you want a magnification of “times 3” in a telescope, 
and you have a lens of focal length 37 mm to use as an eyepiece, what focal length do you 
need for an objective lens? Draw a ray diagram of the telescope based on fig 25.8 in the 
text. This figure is also shown in the next section of this lab.  

5. Compare the function of the objective lens of a telescope with the objective of a 
microscope. In each case, do you want a large focal length or small? Why? Where is your 
object? Where and what kind of image is formed?  Compare the function of the eyepiece 
in both instruments. Do you want a large focal length or small? Why? Where is your 
“object”? Where and what kind of image is formed? 

 

Group Activity 
In the schematic of the eye shown, the 
distance between the lens and the retina is 17 
mm.  

1. Calculate the focal length of the lens 
to focus an object at infinity on the 
retina. Compare this to the table on 
page 1.  

2. Calculate the focal length of the lens 
to focus an object at 20 cm on the 
retina. Compare this to the 
“converging eye” in the table on 
page 1.  Could the eye described in 
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the table focus on a point closer than 20 cm? If the object (at 20 cm) is a letter E on a 
page of writing where the E is 3 mm high, how large is the image? 

3. At the fovea, where there is the densest packing of cones responsible for sharp color 
vision, the spacing of cones is about 3 µm. How many cones sense the straight back line 
of the letter E?  

4. If the eye shown is nearsighted so that its far point is at 20 cm, what type and strength 
corrective lens should be prescibed?  

 
Experiment A:   Building a Telescope 
 
Review section 25.5 of your text for details of the optical configuration of a refracting telescope. 
Here is a brief summary: 
The objective lens forms a real inverted image of a distant object very close to its focal point. 
This is I1 in the figure. The eyepiece is placed so that the image I1 is very close to its focal point. 
In the figure, the object distance for I1 is a little less than the focal length of the eyepiece. So the 
eyepiece makes a virtual magnified image of I1 at I2. The magnification is given by 
        m = fo / fe 

 
Materials: 
The following materials are 
included in the telescope kit for 
each person: 

• Two cardboard tubes (a 
smaller one that slides 
inside the larger one) 

• A 4-cm-diameter positive 
lens 

• A 1.7-cm-diameter 
positive lens 

• Additional support 
materials (foam, red piece 
to hold the lens, 
cardboard spacer, etc.) 

 

Procedure and Questions: 
Determine which lens is the 
objective and which is the 
eyepiece. 
To measure focal lengths 
quickly, hold the lens in front of 
a white board or wall, and – by moving the lens – focus a distant light source on the wall.  The 
distance from the lens to the wall is the focal length. 
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A1. Measure and record the focal lengths of the objective lens and both orientations of the 
eyepiece lens  (flat side vs. curved side facing the light source).  (Note that the eyepiece has 
two different orientations, and so cannot be considered a thin lens.  Its focal length and the 
image quality it can create depend on how it is used.) 

A2. Based on the focal lengths of the lenses, calculate the magnification you expect your 
telescope to achieve. 

Now, attach the objective to the larger tube and the eyepiece to the smaller tube.  Slide one tube 
inside the other and look through the telescope towards a distant object.  Adjust the distance 
between the lenses by sliding the smaller tube inside the larger one until you can see a focused 
image.  Ask your TA for help if you cannot get an image into focus. 

A3. Once the image is in focus, measure the distance between the lenses.  How does that length 
compare to the sum, fO + fE? 

A4. Is the image you see erect or inverted? Can you think of applications where an inverted 
image would not matter? 

A5. Try using the telescope with both the flat and curved sides of the eyepiece facing your eye. 
If you can see a difference, describe which configuration makes the “better” images, and 
leave the telescope in this configuration. 

 
Experiment B:  Determining Your Blind Spot 
 
At least one person in each group must measure his/her blind spot.  Keep your eyeglasses or 
contacts on if you wear them. 

1. Stand about 2-3 meters from the white board. 
2. Have your lab partner make a 1-inch solid dot in the middle of the white board. 
3. Cover your left eye with your hand and stare at the spot on the board with your right eye. 

(This puts the image of this point on the fovea where vision is most acute.) 
4. Have another lab partner point the laser beam at the spot on the board.  (Do not point the 

laser beam at anyone’s eyes, ever!) 
5. While continually staring straight ahead at the dot on the board, have the other lab partner 

slowly move the laser beam horizontally to the right.  Do not move your eye to follow the 
laser beam.  (This is cheating and will not help you find your blind spot.) 

6. At a certain point, the laser beam will disappear from your field of vision. When this 
happens, have your lab partner mark this spot on the white board.  This is because the 
image of laser beam falls on the blind spot of your eye.  (The blind spot is where the optic 
nerve reaches the retina, and there are no receptor cells there.) 

7. Have your partner continue to move the laser to the right and, eventually, the laser beam 
will reappear in your field of vision.  Mark this spot on the white board as well. 

 
Questions: 
B1. Measure the distance from your eye to the board and the distance from the spot you were 

staring at to the beginning of your blind spot. 
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B2. Assume the focal length of your relaxed eye is 17 mm and that the distance from the lens to 
the fovea is also 17 mm.  Using this model of the eye and similar triangles, calculate the 
distance on the retina between the fovea and the optic nerve. 

 
Experiment C:  The Human Eye Model 
  
The eyeball model allows you to simulate and observe many of the functions of the eye on a 
large scale. The human eye varies the lens shape (and hence the focal length) to sharply focus the 
image on the fovea. The Human Eye Model consists of a sealed plastic tank shaped roughly like 
a horizontal cross section of an eyeball.  A permanently mounted, plano-convex, glass lens on 
the front of the eye model acts as the cornea.  The tank is filled with water, which models the 
aqueous and vitreous humors.  The crystalline lens of the eye is modeled by a changeable lens 
behind the cornea.  A movable screen at the back of the model represents the retina. The total 
length of the eye can be changed to simulate myopia and hyperopia.  
 
Procedure and Questions: 
The eyeball should be set up for a normal-shaped eye.  In this experiment you will study how 
images are formed on the retina of the eye.  Do not fill the eye model with water.  Put the retina 
in the middle slot, marked NORMAL.  Put the +400 mm lens in the slot labeled SEPTUM.  Use 
the crossed arrows as the light source.   
 
C1. Put the crossed arrow light source about 50 cm from the lens.  Can you see an image on the 

retina screen?  Is the image magnified or diminished compared to the original object? Is the 
image inverted or upright compared to the original object?  

 
A person affected by myopia has images of a far-away object formed in front of the retina.  Set 
the Human Eye Model to normal, near vision (put the +62 mm lens in the SEPTUM slot, remove 
other lenses, and put the retina screen in the NORMAL position).  Use the crossed arrows as the 
light source.  Adjust the distance between the eye and the source so that the image is in focus. 
 
C2. Move the retina screen to the back slot, labeled NEAR.  Describe what happens to the 

image. 
 
C3. You will now correct the myopia by putting eyeglasses on the model.  Find a lens that 

brings the image into focus when you place it in front of the eye in slot 1.  Record the focal 
length of this lens.  Calculate its power in diopters. 

 
C4. To correct myopia, is it necessary to move the image formed by the eye closer to or farther 

from the eye’s lens system?  Does this require a convergent or divergent lens? 
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Post Lab Questions: 
 
 

1. For the relaxed eye described in the first exercise of the group activity, an image of a very 
distant object is in focus on the retina. The table on the first page of this manual shows 
you that a lot of the bending of light actually occurs at the cornea. (45 diopters of a total 
of 59 diopters). The refractive index of the aqueous humor between the cornea and the 
lens is 1.38. If the eye were underwater would the amount of light bending at the cornea 
increase, decrease or stay the same? Explain.  

 
 

2. You are building a compound microscope with an objective lens of focal length 0.70 cm 
and an eyepiece lens of focal length 5.0 cm. You mount the lenses 18 cm apart. What is 
the maximum magnification (absolute value) of your microscope? 

 


