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The following is a summary of a health class given at the 2016 Piano Technician's Guild convention in
Norfolk, Virginia. It explains the benefits and methods of using special-purpose eyeglasses for closeup work, especially as it relates to work in piano technology.

Close-up glasses are not everyday glasses
If you wear glasses for everyday use, those glasses have been optimized to give you clear focus at
objects far away. If your glasses are bifocals or progressives (no-line bifocals), they have a portion at
the bottom of the lens to give you clear focus at near objects, especially in reading. This may be fine
for reading things that are held down low, like a book. But if you are working on grand dampers from
inside the piano, the dampers cannot be placed low in your field of vision. There are many cases were
it is advantageous to be able to look in every direction and still maintain near-vision focus. This saves
on neck strain since you don't have to hold you head in unnatural positions to see your work. And it
saves on eye strain by not forcing your eyes to maintain near-vision focus for long periods of time.

How the Eye Focuses
The lens in your eye is flexible. It changes shape under the
involuntary control of muscles in your eyeball. When you are
looking at things far away, those muscles are relaxed. In the
relaxed state the lens bends the beams of light from far away
just enough so that they converge in focus on the retina at the
back of your eyeball. The image projected on the back of the
eyeball is detected by the retina and sent to your brain.
When you look at things that are close, the light arrives at the
lens diverging at a larger angle. The lens muscles tighten and
bend the light more. That's how it works without glasses. With glasses, the light beams are bent before
they reach the eye so that the eye muscles do not have to work so hard to maintain focus. This is
particularly important for older eyes, as we shall see later.

What is a Diopter ?
“The diopter is a unit of measurement of the optical power of a
lens or curved mirror, which is equal to the reciprocal of the
focal length measured in meters (that is, 1/meters).” [..from
Wikipedia..] When kids use a magnifying glass to burn ants on
the sidewalk, they discover that correct distance that gives the
sharpest image of the sun. That distance is the focal length of the
lens.
It is impossible to discuss prescriptions for eyeglasses without knowing a little about the term
“diopter”. It is the unit used in most of the numbers that appear in a prescription. For a convex lens as
shown here, the strength in diopters is simply 1 divided by the focal length in meters. Or, if you are
dealing with inches, it is approximately 39 divided by the focal length in inches.
When combining lenses, the strength in diopters is additive. For example, a 1.25 diopter lens put
together with a 0.50 diopter lens will have a combined focusing strength of 1.75 diopters. This is true
of lenses in glasses and lenses in your eyeball. When you wear glasses, the focusing strength of the
glasses is added to the focusing strength of the lens in your eye to give the total focusing strength.
If you are near-sighted, you may be wearing glasses with a concave
lens. In that case the focusing strength is given as a negative
number. The focal point is defined not as an actual focus, such as
you would use to burn ants on the sidewalk. But it is a virtual focal
point defined by projecting the beams of light backward straight
through the lens. Since close-up work generally involves more
focusing and not less, we will not be dealing much with negative
diopter lenses.

How much can your eyes do ?
As you get older the lenses in your eyeballs become less
flexible. The eye muscles are less able to adjust the focus.
The graph at the right shows this relationship. The vertical
axis is the amount of change in focusing strength between
far vision and near vision in diopters. The typical 10 year
old child has a reserve of more than 13 diopters. That
means he can focus on a bug just 3 inches from his eyeball!
That ability quickly declines through the teens and
twenties. By the time you reach 35, you have about 7
diopters of focusing change available. And when you reach
55, you are down to only about one diopter! No wonder
older folks need reading glasses.
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It is important to understand that the previous graph shows only the amount of change in focus
available as we switch between far vision and near vision. It does not say anything about the focus of
eye's natural relaxed state. To take that into account we have to discuss near-sightedness and farsightedness.
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These two images assume the lens muscles are
completely relaxed. That is, the person is not
trying to focus at all. It also assumes that the
beams of light are coming from far away. The
eyeball on the left is near-sighted. The parallel
beams of light from far away are converging
too soon – in front of the retina instead of right
at the retina. Therefore the view of things far
away will appear a little blurry to a nearsighted person without correction. The eyeball on the right is far-sighted. The parallel beams of light
from far away are not bent enough and are actually on track to converge somewhere beyond the retina.
Correction for near-sightedness involves glasses (or contacts) with a negative diopter lens. Correction
for far-sightedness involves a positive diopter corrective lens. With such correction, near-sighted and
far-sighted people can see perfectly at distance with their lens muscles relaxed. Then their own natural
accommodation (as shown in the graph on the previous page) to see things that are closer.
This also shows why when children need glasses, they are almost always for near-sightedness. A farsighted child can easily compensate for his far-sightedness by using just a small amount of his natural
accommodation in the eye muscles. It only becomes a problem when he gets older and loses that
ability. But a near-sighted person cannot do anything to correct for far vision without getting corrective
lenses.

Options for Close-up Glasses
Now that we have covered much of the theory of vision focusing, let's return to the practical problem of
getting glasses for close-up work. There are several options:
•

Prescription glasses from Perle Vision, Lenscrafters, etc. This is the most expensive option, but
it is quick an convenient. Be sure to explain precisely how you intend to use the glasses for
your work, and that they are just for work and not for daily wear.

•

Off-the-shelf reading glasses. This may be a cheap and effective choice, provided you do not
have special vision problems, like astigmatism. Off-the-shelf glasses do not correct for that.

•

Prescription glasses ordered on-line from Zenni Optical, 39dollarglasses.com, etc. This lowcost alternative gives you the ability to specify an actual prescription, including astigmatism
correction if necessary, or even bifocals. But they take more time and do not have the same
level of customer support that local brick-and-mortar stores do.

Single-vision vs. Bifocals and Progressives
The simplest glasses are called single-vision glasses. They are made of a lens that has the same
focusing power everywhere. Off-the-shelf reading glasses are an example of single-vision lenses. If
your work is going to be all at about the same distance from your eyes, single-vision glasses are just
right for you.
Bifocals are glasses where the bottom section of each lens has a higher focusing power than the rest of
the lens. Progressives (sometimes called no-line bifocals) achieve the same result by gradually
blending between to different focal distances. Such glasses are more expensive than single-vision
glasses, but they do give you the option of focusing close and very close.

Calculating Your Close-up Prescription
Regardless of which option you choose for getting close-up glasses, it is useful to calculate the desired
prescription for those close-up glasses. You might be able to avoid this calculation if you have your
optometrist do it for you, but it is really not that hard.
You start with your existing prescription for everyday glasses. (If you normally wear contacts instead
of glasses, or don't wear any corrective lenses at all, use zeroes for all the prescription numbers, as
described later.) If you don't have the numbers handy, your optometrist can make a copy of the latest
prescription for you. It is a good idea to have a regular eye exam anyway to avoid complications of
glaucoma, which can be very serious, and which can't be detected without a professional eye
exam.
The numbers we need to modify are the far vision correction numbers, sometimes called the
“spherical” correction (SPH in the figure below). As usual, these numbers are in diopters. Let's look at
a typical prescription to see what these numbers look like:

There is a line for “OD” and for “OS”. OD stands for “oculus dexter” or the “right eye”. OS stands for
“oculus sinister” or “left eye”. The SPH numbers are the distance vision correction, which is +1.25
diopters for the right eye and +1.00 diopters for the left eye. They often omit the decimal point in hand
written prescriptions. The numbers are given to the nearest 0.25 diopters, because that is as precisely
as they can be measured by the optometrist. The rest of the numbers on this prescription can be
ignored for now. But you may want to know that the “CYL” stands for “cylindrical” correction for
astigmatism, and the AXIS numbers is in degrees and also refers to astigmatism. The “ADD” amount
is for near vision (bifocals, etc.), but we will be calculating our own ADD if needed.
The distance vision correction numbers we have for this person are +1.25 and +1.00. That means with

this much focusing strength in a pair of glasses, this person can see things far away with his eyes
completely relaxed. Focusing on anything closer than about 15 feet takes additional focusing power,
either from the person's own accommodation, or from modifying the prescription.
Let us suppose that this person wants to spend all day repining action centers that he holds 12 inches
from his face. To change the prescription from daily wear glasses to special-purpose close-up glasses
focusing at distance of 12 inches, we need to increase the SPH diopters by the amount that corresponds
to a 12 inch focal distance. Recall the formula for diopers:
Diopters=

39
focal distance(inches)

So we need an additional 39/12 = 3.25 diopters. We can add that 3.25 diopters to the distance vision
(SPH) prescription to get:
Modified.OD.SPH =1.25+3.25=+4.50
Modified.OS.SPH =1.00+3.25=+4.25
If we replace the SPH numbers in the prescription with +4.50 and +4.25 diopters we will get a
prescription that gives perfect relaxed vision at 12 inches – perfect for a long day of repining action
centers. Since these are just single-vision glasses (not bifocals) there is no ADD. So just erase the
+2.25 that you see in the ADD column.
Glasses made to this modified prescription are special-purpose, so you could not get up and walk
around with them, and you certainly could not drive a car with them! But if you are willing to swap
glasses when you are done working, these glasses can be very useful.
Let's look further at this example and ask the question “How much closer can this person see, using his
eye muscles?” Let's suppose this person is 35 years old. Looking at the accommodation graph above
we see that the average 35 year old has about 7 diopters of accommodation. We added 3.25 diopters
above to get a relaxed focusing distance of 12 inches. If we added 7 more diopters due to the person
using his eye muscles to see closer, that would be a total of 10.25 diopters added on to the distance
vision. The formula for diopters then says:
Diopters=

39
focal distance(inches)

… or …

10.25=

39
X

Solving for X we get 39 / 10.25 = 3.8 inches. So such a person could see things clearly everywhere
between 12 inches away and 3.8 inches away. But if this person was 60 years old, then his eye muscles
could not effect and increase of 7 diopters with his eye muscles. He could only add about 1 diopter
onto the 3.25 that the glasses provide. Using the same formula above shows that the closest he could
focus would be 39/4.25 = 9.2 inches. So the 60 year old with these glasses could focus on anything
between 12 and 9.2 inches.

Getting the Glasses
Now that we know what prescription we want, how do we get our glasses? If you are using the local
eyeglasses store, they will take care of everything for you - for a price. You will need to get your
calculated prescription to be officially endorsed by a licensed optometrist though.
If you think that off-the-shelf reading glasses may be for you, then just look through the selection of
such glasses. They are usually marked with diopters ranging from 1.25 to 3.25. Unfortunately they
don't usually make them any stronger than this. You can try them on in the store a various close-up
distances. Bring a ruler or tape measure with you to check the range of distances over which you can
focus. Try to do this without too much bright light because bright light causes your iris to contract and
that brings everything into focus by the pinhole effect. Your optometrist will test your eyes under low
light levels for this very reason. It makes the focus test more critical.
If you need custom prescription glasses but don't want to pay the prices at the local eyeglasses store,
you can try one of the many on-line sources. This will require one more number – your pupillary
distance.
The pupillary distance is the distance between the centers of your pupils in millimeters. It is normally
measured by the eyeglasses vendor (not the optometrist). But to protect their market, they don't often
give out their measurements, even if you buy eyeglasses from them. So if you order on-line, you will
need to measure this for yourself.
You can do a rough measurement by holding a millimeter ruler between your eyes and having a friend
look at you from several feet away (to avoid parallax) and estimate the distance.
A better method is to hold the ruler just below your pupils and have a friend take a photo of you from at
least 6 feet away. Then analyze the photo on your computer. Zoom in to determine the location of
each pupil on the ruler and subtract the two locations to get the distance between them. It is a fairly
non-critical measurement for single-vision lenses, as you can guess from the fact that off-the-shelf
reading glasses do not conform to any specific pupillary distance, and they work fairly well anyway.
But if you are order bifocals on-line, this measurement becomes more important. Here we see a
pupillary distance of 63 mm.

What if I Wear Contacts
If you normally wear contact lenses then any close-up glasses you would wear would be in addition to
your contacts, not instead of them. Therefore the close-up glasses do not need to do the job of the
contacts because the contacts will still be there. In this case the calculations are much simpler. Just
ignore the prescription for your contacts and choose close-up glasses based only on what distance you
would like to be in focus. In the example above where we were looking for relaxed focus at 12 inches,
the close-up glasses prescription would be +3.25 for both OD and OS SPH. The CYL numbers would
all be zero.

Summary
Working for extended periods of time at jobs that require near vision can be stressful for anyone, and
especially for older people. Using close-up glasses can make work more comfortable and safe.

