Q1. Is the focal length of a lens greater in water or in air? Explain.

Q2. Would a given lens have the same effective focal length when used as the crystalline
lens and the cornea? Explain.

Q3. What harm, if any, would be done by rotating the spectacle lenses of a nearsighted
person in their frames? What if the individual has astigmatism?



distance between the paper and your eye is changed, a position will be found where
the dot cannot be seen.

Place the illuminated object box about 35 c¢cm in front of the model and note the
blurred appearance of the image. “Focus” the eye by replacing the crystalline lens
with lens #2. This is equivalent to changing the shape of the crystalline lens using
muscles within the eye. 35 cm is the approximate distance for distinct vision in the
model eye.

. Farsightedness and Nearsightedness: Keeping the object distance the same, move
the retina to the forward position, illustrating hypermetropia. Adjust the position of
the object until the image is sharp. Select the proper spectacle lens, mount it in
front of the eye, and observe the effect on the image when the object is at the normal
viewing distance of 35 cm. Replace the retina in the normal position and note the
nature of the image. This illustrates what happens when a person with normal vision
uses the glasses of a farsighted person.

Repeat the above steps, moving the retina to the rear position, illustrating myopia.

. Pupil size: With a normal or corrected eye, insert the diaphragm immediately before
of behind the cornea and examine the image closely, noting the effect on the brightness
and sharpness of the image. Explain.

. Astigmatism: With the retina in the normal position, insert the cylindrical lens #5
at 1 immediately behind the cornea with its axis vertical. With the object at the
normal viewing distance, observe the character of the image. Place the cylindrical
spectacle lens #6 in front of the cornea and rotate it until the image is most sharply
defined. Note the direction of the axis of the spectacle lens. Repeat with the rear lens
at a different angle.

. Compound Defects: Using the cylindrical lens #5 at G1, combine astigmatism
with myopia of hypermetropia by moving the retina. Make the correction by using
the proper combination of spectacle lenses. Describe the shape of the single lens that
would make the same correction.

. Removal of the Crystalline Lens: The crystalline lens is only one part of the
lens system of the eye. Sometimes (for example, in the case of cataract) it has to be
removed. Take out the crystalline lens and show, by using lens #1 as a spectacle lens
in front of the eye, that vision is still possible. Note that the image is distinct only
for very near objects.

. Use of a Magnifier, or Reading Glass: With the retina in the normal position,
insert lens #2 as the crystalline lens. Determine approximately the diameter of the
image on the retina. Use lens #1 as a magnifier in front of the eye and adjust the
viewing distance until the image is distinct. Compare the ration of the image sizes to
the ratio of viewing distances.
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The set of lenses are referred to in this writeup are as follows:

#1: Spherical, convergent (+7.00 d)
#2: Spherical, convergent (+20.00 d)
#3: Spherical, convergent (+2.00 d)
#4: Spherical, divergent (-1.75 d)
#5: Cylindrical, divergent (-5.50 d)
#6: Cylindrical, convergent (+1.75 d)

In addition, the set of lenses includes a diaphragm.

1. Fill the tank with water to about 2 cm from the top. Put the retina in the middle
position and insert lens #1 into the septum.

2. Accommodation: Face the eye toward a window or other large, well-illuminated ob-
ject and note the characteristics of the image on the retina. Determine approximately
the relative size of the image as compared to the object. Representing the sensitive
surface of the retina by the white disk, determine the approximate total angle cov-
ered. If the fovea centralis is represented by a circle of 1 cm radius in the center of the
retina, what is the angle of distinct vision? Scan the subject by rotating the eye and
observe the effect of the blind spot on portions of the image. You can demonstrate
the existence of a blind spot in your own eye by making a black dot in the middle of
a sheet of paper and looking with one eye at the opposite edge of the paper. As the
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0. You’ll need the model of the eye apparatus, a set of lenses and a light source. The
model is simply a tank which can be filled with water (to simulate the vitreous and
aqueous humors) with a meniscus lens acting as the cornea. The retina of the model is
a movable metal sheet, painted white with the fovea centralis and blind spot indicated.
The retina can be moved to simulate myopia and hypermetropia. There are 5 slots
to hold lenses in the model eye. Starting on the inside they are: the septum which
holds the crystalline lens; Go and G'; which can hold lenses between the cornea and
the crystalline lens; S5 and S; which can hold lenses in front of the eye.

Procedure



direction; in the figure below, the cylindrical shape is horizontal, leading to different focal
lengths for vertical and horizontal objects.
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Astigmatism (&) uncorrected and (b) corrected

In the figure, L represents the lens of the eye with its cylindrical shape. The difference in
position of the two images is known as the astigmatic difference. This can be corrected
with the placement of an appropriately oriented cylindrical lens in front of the eye. In
order to test for astigmatism, look at the figure on page 4. If one particular set of parallel
lines appears sharper than the others, it indicates the presence of astigmatism. As you
rotate the figure, the sharpest set of lines changes!

All lenses are either convergent or divergent. The power of lenses is measured in diopters,
which is, in reality, the inverse of the focal length. Because of this, and the property of
lenses that are close together, the power of a combination of lenses is simply the sum of
the individual powers.



acute vision is rather small. However, the eye tends to scan the surroundings, bringing all
parts of the field of vision onto the fovea centralis for some period of time.

There are several things that can go wrong from an optics standpoint. First, the image
may focus behind the retina, leading to farsightedness or hypermetropia. Close objects are
out of focus but distant objects can still be focused. This is shown in the figure below.
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Farsightedness (a) corrected and (b) uncorrected

The focal length of the lens is too large; this can be corrected with the placement of a
converging lens of the appropriate focal length in front of the eye. Due to gradual increase
in rigidity of the lens with age, all eyes tend to require this sort of correction later in life.

Secondly, the image may focus in front of the retina, leading to nearsightedness or
myopia. Distant objects are out of focus but near objects can still be focused. This is
shown in the figure below.
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Nearsightedness (a) uncorrected and (b) corrected

The focal length of the lens is too small; this can be corrected with the placement of
a diverging lens of the appropriate focal length in front of the eye.

Thirdly, the lens itself may not be spherically shaped, leading to a condition known
as astigmatism. In this case, due to a slight cylindrical shape to the lens, the focal length
of the eye is different in different directions. The cylindrical shape can be oriented in any
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Experiment 18
The Optics of the Eye

Objective

To investigate the optical principles of the eye by means of a model.

Equipment

e Eye model.
o Lens set.
e Light source.

Theory
The human eye is a remarkable optical instrument. The picture below indicates the
various components of the human eye:

Ciliary
muscle

Cornea : :
, ’ G g . Retina

Aqueous
humor

The body of the eye is roughly spherical; it is filled with a transparent jelly-like
substance called the vitreous humor. The crystalline lens is a flexible, biconvex lens with
an index of refraction of about 1.45. The cornea is simply a transparent covering of the
eye which also affects focus to some extent. Between the lens and the cornea is the aqueous
humor, a watery, transparent liquid. The iris is an opaque covering of the lens with a hole
in the middle called the it pupil. The size of the opening is controlled by muscular reflex,
regulating the amount of light allowed into the eye.

At the rear of the eye is found the light sensitive tissue. The retina is the screen
on which images are formed. Specific, light sensitive nerve cells, rods and cones, line the
inner surface of the eye. The nerve fibers lead to the optic nerve which passes the sensory
information on to the brain. The point where the optic nerve enters the eye is insensitive
to light, and is called the blind spot. The most sensitive part of the eye is known as the
fovea centralis; it is quite small (only about 0.3 mm in diameter), so the region of most
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