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REFRACTIVE ERROR - EMMETROPIA

Light rays enter the eye, get focused by the cornea,
focused again by the lens, and land on the retina

Emmatrapic sy with nomal dal length. the
VP rays showen hers by the yelons bnes
convenge on e reinal surtace

REFRACTIVE ERROR - MYOPIA

o Minus lenses are used to move the focal point
back onto the retina

o This effectively weakens the overall refractive
power of the eye

Wihen the appropriste minus
W lens & placed in front of the myop eye.
A the focal point is moved backward to
] (5 i fall on the retina.
LAY

oOptics is 14% of the COT
written exam

REFRACTIVE ERROR - MYOPIA

o Nearsighted
o The eye focuses too well so the image focuses in
front of the retina
The cornea is too steep
The lens is too powerful
The eye is too long (
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REFRACTIVE ERROR - HYPEROPIA

o Farsighted
o The eye does not focus well enough, so the image
focuses behind the retina
The cornea is too flat
The lens power is too weak
The eye is too short
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REFRACTIVE ERROR - HYPEROPIA

Plus lenses are used to move the focal point
forward to fall on the retina

This effectively adds to the refractive power of
the eye

=

REFRACTIVE LENSES - PLUS

Plus lenses
Convex on both sides (thicker in the center and
thinner at the edges)
Made by putting 2 prisms base to base

REFRACTIVE LENSES - MINUS

Minus lenses
Concave on both sides (thinner in the center and
thicker at the edges)
Made by putting 2 prisms apex to apex
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REFRACTIVE LENSES
Lenses are used to adjust the focal point of an
image so that it lands on the retina
Spherical lenses
Equal power in all meridians

Plus lenses
Minus lenses

Cylindrical lenses
Different powers in different meridians

REFRACTIVE LENSES - PLUS

Converge light

g
Focus

light rays focus behind the lens at a
point sooner than they would have if the
light rays had not encountered the plus lens

REFRACTIVE LENSES - MINUS

Diverge light




3 PARTS OF A PRESCRIPTION

Example: +1.00 + 0.75 x 180
The first number is the sphere which indicates
Myopia
Hyperopia
Neither
The second number designates the amount of
cylinder power required (astigmatism), if any
The third number specifies the location of the
cylinder power. If there is no cylinder, there will
be no axis.

ASTIGMATISM i @

Round like Basketball Round like Football

Mspherical correction alone will not work for these

eyes

Aor astigmatism, we need to add a cylindrical
shaped lens to correct the refractive aberration
along one axis.

fonce we determine the amount of cylinder power,
we must also find the exact angle axis the cylinder

needs to be oriented in order for it to work.

TYPES OF ASTIGMATISM

With-the-rule astigmatism
Most astigmatic corneas have the most curvature,
and therefore the greatest power, in the 90 degree
(vertical) meridian.
The cylinder axis will be at 90 degrees
The power of the cylinder is 90 degrees away at 180
[the lens power (thickness) is 90 degrees from the
axis] n
Common in children ] 1

ASTIGMATISM

The cornea accounts for most of the

focusing power of the eye (about 43D)

The cornea candt change i
distances

Aspheric: Central cornea is more curved than
the peripheral cornea (edges are flatter than the
center)

Astigmatism: one axis of the cornea is steeper
than the other so the refractive power is not the
same across the entire cornea

CYLINDRICAL LENSES

2 different meridians

Cylindrical lens: The axis of this lens is at 90 degrees
shown by the green arrow. There is no power in this
direction- the surface of the lens is flat in the vertical

| - diraction The power of the lens is found in the meridian
90 degrees away from the axis-in this example the
power lies at 180 dearees shown by the black arrow/line
this is the meridian.
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The curve has the power of the lens while the flat

side 90 degrees away has no power (the axis)

The power of the lens is found 90 degrees
away from the axis

TYPES OF ASTIGMATISM

Against-the-rule astigmatism
These astigmatic corneas have the most curvature,
and therefore the greatest power, in the 180 degree
(horizontal) meridian.

The cylinder axis will be at 180 degrees

The power of the cylinder is 90 degrees away at 90
[the lens power (thickness) is 90 degrees from the
axis]

Common in elderly patients




TYPES OF ASTIGMATISM

With the Rule Astigmatism Against-the-rule

FOCAL LENGTH AND DIOPTER POWER

o A diopter (D) is the unit used to express the power of a lens

o The focal length (F) of a lens is the distance at which the len
brings light to a focus

o The stronger the lens, the shorter the focal lengtl

o If the power of the lens is known, the focal distance can be
found

oFormula: F (in meters) = 1/D

The focal length in meters = 1 divided by the Diopter power

FocAL LENGTH AND DIOPTER POWER

Example 2: What is the power of a lens that has a 33
centimeter focal point? F=1/D

In this case we know F and we are trying to solve for D. Our
first step is to convert 33 centimeters to meters. We can do
this by dividing by 100.

o 33/100= .33 meters; plug this into the formula to find D.

© .33 =1/D Solve for D by cross multiplying

0.33D=1
o D=1/.33
o D=3

o so a 3 diopter lens will have a focal point of .33 meters or 33
centimeters.
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MODULE 1

FOCAL LENGTH AND DIOPTER POWER
Example 1: What is the focal point of a 4 diopter lens?

F=1/D: in this case D=4 diopter and we are trying to find F.
F=1/4meters

F= Y%, or .25 meters (or we can covert this to centimeters by
multiplying by 100 since there are 100 centimetersin 1
meter) so the focal point is .25 meters or 25 centimeters.

FOCAL LENGTH AND DIOPTER POWER
Example 3: What is the diopter power of a lens

with a focal distance of 20 centimeters?
F=1/D or D=1/F

We first convert 20 centimeters to meters by moving the
decimal point two places to the left = .2. this is the focal
point, F. Solve for D

o D=1/.2 D =5 diopters




FocAL LENGTH AND DIOPTER POWER

Example 4: What is the focal length in millimeters
of an 8 diopter lens?

Fm)=1/D
F(m)=1/8m
F(m) =.125 meters

Convert .125 meters to 125 millimeters by moving the
decimal point 3 places to the right.

TRANSPOSING

Converts a minus cylinder prescription
to plus cylinder and vice versa.

To convert plus to minus cylinder and
vice versa:

o add sphere power to cylinder power =
new sphere power

o change sign of cylinder power
o change axis by 90

TRANSPOSING

Example 1:
RX: -3.00 + 1.50 X 135

Add cyl to sphere: (+1.50) + (-3.00) = -1.50,this is our
new sphere amount

Change the sign of the cylinder : + becomes &

Change the axis by 90 degrees: 135 -90 = 45

Our new transposed RX is: -1.50 8 1.50 X 045
Therefore these 2 prescriptions are equal:
-3.00 + 1.50 X 135 and -1.50 -1.50 X 045

MIiINUSs CYLINDER VS. PLUS
CYLINDER

Plus cylinder lenses exist only in phoropters
and trial lenses

Glasses lenses are made in minus cylinder
Plus cylinder phoropters are popular because
it is easier to teach retinoscopy in plus
cylinder

Ophthalmologists typically learn retinoscopy
and refraction in plus cylinder

Optometrists typically use minus cylinder

TRANSPOSING

Algebraically add the cylinder power to the
sphere power- this is your new sphere power
Change the sign of the cylinder (- becomes + and
vice versa), keeping cylinder power the same
Change the axis by 90 degrees (keep in mind that
the axis must be between 1 and 180, therefore
you may need to add 90 to the axis or subtract 90
from the axis depending on what the axis is.)

TRANSPOSING

Example 2:
RX: +1.25 6 2.00 X 055
Add the cyl to the sphere: (-2.00) + (+1.25) = -0.75,
this is our new sphere amount
Change the sign of the cylinder: - becomes +
Change the axis by 90 degrees: 055 + 090 = 145
Our new transposed RX is: -0.75 + 2.00 X 145
Therefore these 2 prescriptions are equal:
+1.25 0 2.00 X 055 and -0.75 + 2.00 X 145
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SPHERICAL EQUIVALENT

o Spherical equivalent represents the best
correction a patient with astigmatism can obtain
without the cylinder

o Calculated by adding half of the cylinder power
to the sphere power

o Sphere cylinder equivalents are used when
figuring out what power trial contact lens to use
for soft contact lenses

SPHERICAL EQUIVALENT

Example 2 RX plano + 0.50 x 90

o +0.50 divided by 2= +0.25

o +0.25 + 0.00= +0.25

o Our sphere/cyl equivalent is +0.25

TEST YOUR KNOWLEDGE FROM MODULE 1

1. What s the focal point of a 2D lens?
> What is the focal point of a 12D lens?
Whatdos the power of the
of 10cm?
4. Transpose:
1. Plano + 4.00 x 20
-2.00 8 1.00 x 100
-0.25 +0.25 x 90
5. Find the spherical equivalent:
1. Plano + 4.00 x 20
-2.00 8 1.00 x 100
-0.25 +0.25 x 90

e

SPHERICAL EQUIVALENT

Example 1: RX: -2.50 + 1.50 X 90

o Find the sphere cylinder equivalent:
o +1.50 divided by 2= +0.75

0 +0.75+-2.50 =-1.75

o Our sphere/cyl equivalent is -1.75

SPHERICAL EQUIVALENT

Example 3 RX -0.50 +1.00 x 12

o +1.00 divided by 2= +0.50

o +0.50 + -0.50 = 0.00

o Our sphere/cyl equivalent is plano

MODULE 2
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OPTICAL CROSS

The optical cross is a graphical representation
of the power orientation of any glasses
prescription

When we look at optical crosses
we draw them to show where
the power lies on a lens

The spherical power is spread out over the
entire lens and we could draw

the cross to reflect this

plano

OPTICAL CROSS
Write +3.00+1.00 x 180 using an optical cross
1st, draw 2 separate diagrams:
+‘3.00 +1‘.00
+3.00 ———+3.00 0 — —0 +1.00 x 180

|
+1.00

| 43.00 sphere

27 add the 2 diagrams together to get: +4.00
+3.00— ‘]’ — +3.00
4.00

If you are asked to write it in cylinder form only, separate this

diagram to get: Ta 00 f

o——F——0 +3.00 — —+3.00

f4 00 ‘O
+4.00 x 180 +3.00 x 90

OPTICAL CROSS

Example 2 Rx: +3.00 + 1.50 x 90

The 15t optical cross will represent the sphere power which is
+3.00

The 2nd optical cross represents the astigmatism which in this
case is +4.50 at 90

We add these 2 crosses together to get the final optical cross

O I

Sphere cross: Cylindrical cross: +1.50 x 90 is our This cross put s the sphere
+3.00 is our cylindrical correction . This cross and cylinder crosses

sphere so each shows this with the +1.50 power in together and represents the
i);l;;hﬂws the axis where it exists 180 degrees prescription

since the power is 90 degrees away
from the axis
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OPTICAL CROSS

For cylinder, we must keep in mind that the axis
of the cylindrical power lies 90 degrees away
from where the power is

Cylinder of +1.00 x 180: 100

+1.00
Cylinder of +1.00 x 90

OPTICAL CROSS

Example 1 Rx: plano +5.00 x 180
The 1st optical cross will represent the sphere power which is plano

The 2 optical cross represents the astigmatism which in this case
is +5.00 at 180

We add these 2 crosses together to get the final optical cross

]
| | |

Cylindrical cross: +5.00 x

Sphere cross: 180 is our cylindrical

This cross put s the sphere

Plano is our correction . This cross and cylinder crosses
sphere so each shows this with the +5.00 together and represents
axis shows power in the axis where it the prescription

plano exists 90 degrees since the

power is 90 degrees away
from the axis

OPTICAL CROSS
Example 3 Rx: -1.75 + 2.25 x 90

The 1%t optical cross will represent the sphere power which

is-1.75

The 2 optical cross represents the astigmatism which in

this case is +2.25 at 90

We add these 2 crosses together to get the final optical

cross
Sphere cross: -1.75 Cylindrical cross: +2.25 x 90 is This cross put s
iis our sphere so each our cylindrical correction . the sphere and
axis shows -1.75 This cross shows this with the cylinder crosses
+2.25 power in the axis where together and
it exists 180 degrees since the represents the
power is 90 degrees away from prescription
the axis
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OPTICAL CROSS
Example 4 : How do we get the prescription if given the final optical
cross?

OPTICAL CROSS

Since this is our final optical cross, we will need to work

backward The result is the final prescription

1. Find the lowest plus number (or more minus number) and this will be your
sphere. In this case, +0.50, so we can add it to a sphere cross: o pe

+ —

| I

Final RXC +0.50 + 125X 180

2. To figure out the cylinder power, find the difference between the 2 numbers in
the cross (+1.75 and +0.50). The difference is the cylinder power, in this case
+1.25.

3. To find the axis, look at the final cross and see where the higher plus power
lies. Remember that cylinder power is 90 degrees away from cylinder axis,_In
this example the higher plus power of +1.75 is found at 90 degrees so the @xis is
90 degrees away at 180

OPTICAL CROSS

OPTICAL CROSS
Example 5: Find the prescription from the given optical
Cross: To find the cylinder axis look at the final cross (the one given to
us) and see where the higher plus power (or less minus power)
lies. In this example, -1.00 is found at 180. Remember that the
100 cylinder axis lies 90 degrees away from the cylinder power, so it
is at 90 degrees in this example.
1. Find the lowest plus number (or more minus number)
and this is our sphere, in this case, -2.50.
The final Rx is -2.50 + 1.50 x 90

‘ T

2. To find the cylinder power find the difference between the 2 numbers,
in the final optical cross, in this case -2.50 and -1,00 which is +1.50
and our cylinder power.

TYPES OF ASTIGMATISM TYPES OF ASTIGMATISM
The eye is a compound lens system consisting of Simple hyperopic astigmatism: one meridian
the cornea and the lens is focused on the retina, and the other behind the
Astigmatism is classified according to where the retina: plano +2.00 x 90

light is focused for each primary meridian
Write the prescription in both plus and minus
cylinder forms to determine the type of
asigmatism present

Simple myopic R R o )
Compound myopic Sphere will be plano in one form, and positive in

Simple hyperopic the other. Transpose the Rx above and get:
Compound hyperopic +2.00 - 2.00 x 180
Mixed astigmatism



TYPES OF ASTIGMATISM
o Compound hyperopic astigmatism: both

meridians are focused behind the retina:
+2.00 + 2.00 x 90

+4.00

Sphere is positive in both plus and minus cylinder
forms. Transpose the Rx above and get:
+4.00 - 2.00 x 180

TYPES OF ASTIGMATISM

o Compound myopic astigmatism: both
meridians are focused in front of the retina:

-4.00 + 2.00 x 180 <~>

Sphere is negative in both plus and minus cylinder
forms. Transpose the Rx above and get:
-2.00 - 2.00 x 90 °

TEST YOUR KNOWLEDGE FROM MODULE 2

1. Write +3.00 sph in optical cross form
> Write +3.00 x 90 in optical cross form
Write +3.00 +3.00 x 90 in optical cross form

.. Find the prescription from the given optical
Cross:

Identify the type of astigmatism
1. +1.00 - 1.00 x 12
2. -10.00 + 5.00 x 90
-1.00 + 2.00 x 180

. +5.00 + 2.00 x 45 e

TYPES OF ASTIGMATISM

o Simple myopic astigmatism: one meridian is
focused on the retina, and the other in front of

the retina: -2.00 + 2.00 x 90

Sphere is minus in one form and plano in the
other. Transpose the Rx above and get:
plano - 2.00 x 180

TYPES OF ASTIGMATISM

o Mixed astigmatism: one meridian is focused in
front of the retina and the other behind the
retina:

-2.00 + 4.00 x 180

Sphere is positive in one form and negative in

the other. Transpose the Rx above and get:
+2.00 - 4.00 x 90

MODULE 3
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IMAGE PLACEMENT

For parallel light we use f (in meters) = 1/D to figure
out the focal length of a lens, but not all light that
enters a lens is parallel.

If the light bounces off an object, the light will diverge
as it enters the lens.

For example, if an image sits 50cm in front of a +4.00D
lens, where will the image be formed?

To determine the answer we must understand that all
lenses actually have 2 focal points: A 4 D lens has a
focal point at 25 cm from the center of the lens in front
of the lens and 25 cm from the center of the lens

behind the lens.
o [|»

IMAGE PLACEMENT

Example 1: An object sits 50 cm in front of a
+4.00 lens. Where will the image be formed?

U+P=V

u =50 cm, convert to meters: u=1/.5m:
U=1l/u: U=2

Because the image sits 50 cm in front of the
lens, U =-2

U=-2,P=+4: U+P=V: -2+4=V, V=
+2D, v=1/V

V =% m which is 50cm: the image sits 50
cm behind the lens since V is positive.

IMAGE PLACEMENT U+P=V

Example 3: An object sits 50 cm behind a lens and
its image is formed 33 cm in front of the lens.
What is the power of the lens?

We know u = +50 cm, u = +.5m, U = 1/u,

U=+1/50r U=+2D

P=? v=-33cm,v=-33m,V =1/, V=-1/33,
V=-3D

+2+P=-3 P=-5D

IMAGE PLACEMENT

U+P=V andu+p=v

U=1u P=1/p V=1

Capital letters measure Diopters

Small letters measure distance in meters

U = object vergence

V = image vergence

P = power of the lens

u = object distance

v = image distance

Remember that D = 1/F or in this case, P= 1/F

Eront of lens/real object/ Behind lens/real image/
virtual image virtual object

Minus Numbers Plus Numbers

IMAGE PLACEMENT

Example 2: A +14.00 lens produces an image
25c¢m behind it. Where is the object?

U+P=V:

We know that v =25 cm and P = +14
v =25cm: convert to meters: v=.25m, V =
1/v,V =1/.25, V =4D. The image is
found behind the lens, so V is positive
U+P=V: U+14=+4: U=-10D: u=
1/U, u = -1/10m or -10cm. Since the value
is negative, we know the object is 10 cm in
front of the lens

IMAGE PLACEMENT U+P=V

Example 4. What is the focal length of a plus
lens whose image is 20 cm behind the
lens for an object that is 50 cm in front
of the lens?

We know that u = -50cm which is .5m, so u=-.5
andU =1/u,soU =-1/.5, U=-2D

P=?

v = +20cm which is .2m,sov =+.2, and V = 1/v,
soV=+1/2,V=+5

U+P=V: -2+P=+5 P=+7D

Focal length (in meters) = 1/D, so F = 1/7m

1/13/2010
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IMAGE PLACEMENT U +P=V

Example 5: An object is imaged 20 cm behind a
-15D lens. Is the object real or virtual?
Where will the image be focused?

We know that the object is virtual because it is
located behind the lens.

u = +20cm, convert to meters u = +.2m,

U=1u,U=+1/2,U=+5

We know P =-15

U+P=V: +5+-15=V, -10D=V, v=1/V, v=
-1/10mor

v =-10cm. Since v (image) is negative, the image
is located in front of the lens and is a virtual
image

oMODULE 4

PRISMS

Example1l: A diopter prism deflects light
4 cm at a distance of 100 cm.
We need to find the power of the prism
PD = Displacement (in cm)/ distance (in meters)
We need to convert 100 cm into meters to use in our
equation, 100 cm = 1 meter
Letds set up our equation wi
X =4cm/1meter
Solve for X: X=4
So our prism would be a 4 diopter prism

TEST YOUR KNOWLEDGE FROM MODULE 3

A lens produces a real image 10 cm from the lens.
If the object is located 5 cm from the lens, what is
the lens power?

A +10.00 D lens produces a virtual image 50 cm
from the lens. Where is the object located?

A real object is located 0.5m away from a +3 lens.
Where is the image located? Is the image real or
virtual?

A real object is located 1 diopter from a -3.00 lens.
Where is the image? Is it real or virtual?

Where is the image of a real object located 1/5m
from a +5.00D lens?

apex

PRISMS

Used to change the angle of light rays po—
Light always bend toward the base of the prism
When looking through a prism the image will appear
to be displaced toward the apex

The power of the prism is measured in Diopters. The
higher the power, the more the light rays are bent

A 1D prism displaces an image by 1 cm at a distance
of Im

To find the power of a prism use

Prism Diopters (PD) = deviation (in

cm)/distance (in meters)

N
u

—— onemeter ——

PRISMS

Example 2: An 8 diopter prism deflects light

cm at 4 meters

We need to find the displacement

PD = Displacement (in cm)/ distance (in
meters)

Letds set up our equation
8=X/4m

Solve for X: 8 x4=X

X=32cm

So an 8 diopter prism deflects light by 32 cm at 4

meters.

1/13/2010
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PRISMS

Example 3: What is the power of a prism that
will deviate light 2 cm at a distance of 50
cm.

PD = Displacement (in cm)/ distance (in
meters)

We convert 50 cm to .5 meters by moving the
decimal point two places to the left.

PD =2/.50 =4 prism diopters, 4 &

PRISMS

Example 5: At what distance will a 10 D
prism deviate light 4 cm?

PD = Displacement (in cm)/ distance (in
meters)
PD =10D
Displacement = 4cm
10 = 4/distance
Distance = .4 meters

PRISMS

If a prism is placed base down before the
eye, the image appears to move up
(toward the apex)

A5 p.d. BD prism moves the image
upward 5 "units"

a 3 p.d. Bl prism would move the image

out 3 "unitsé
if the 5 p.d. BD and 3 p.d. Bl prisms were
superimposed, the image would move up
and out, 5 "units” up and 3 "units" out.
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PRISMS

Example 4: How far will a 6 D prism deviate
light at a distance of one meter?

PD = Displacement (in cm)/ distance (in

meters)

PD =6, distance =1m
6=displacement/lm
Displacement = 6cm

PRISMS

The orientation of a prism in ophthalmic work is
usually given by the following abbreviations:

BU base up V
BD base down A

Bl base in (to the right for the right eye, left for
the left eye)

BO base out (to the left for the right eye, right for

the left eye) D q

PRISMS

Prism blurs vision if it's in excess of 3p.d., so only rarely, if

ever, should more than that be prescribed. To keep prism

down, it is usually divided between the eyes.

Instead of prescribing O.D. 4BI, 2BU O.S. no prism give

0.D.2BI, 1BU O.S. 2BI, 1BD

Horizontal prism power is additive if the bases are in the

same direction (22BO OD and 4&BO
correct 6e& ET, or to induce a 6e&
Vertical prism power is additive when the bases are

opposite over either eye (2z=BU OD
OD or 5&BD OS to correct a 5e& LHT
Even small amounts of vertical prism, 1 to 2 prism

diopters, can produce dissociation and severe symptoms.

Generally prism is prescribed in opposite directions for the

two eyes.
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PRENTICE RULE

Optical centers- Each spectacle lens has an optical
center. This is the area the patient should be looking
through when the lens is sitting in the glasses frames on
her face.

To get the best crisp vision from the lens the optician

should make sure the frames and lenses are sitting such

that the patientds visual axis |
center of the lenses.

If the patient is not looking through the optical center of
the lenses then you can end up with induced prism which
can cause diplopia (double vision).

The higher the lens power and the more decentered the
lens is from the visual axis, the more prism that is induced.

The Prentice rule gives us the mathematical equation to
figure out how much prism is induced when a lens is
decentered.

Prentice Rule: Induced prism (in D) = lens power
(in D) x displacement (in cm)

PRENTICE RULE

Example 1: A +2.50 D lens is decentered 5mm
inferiorly. How much prism is induced?

Prentice Rule: Induced prism (in D) =lens
power (in D) x displacement (in cm)

We know that the lens power is +2.50

We know that the displacement is 5 mm
which must be converted to cm by moving
the decimal point one place to the left. So,
5mm =.5cm

Induced prism =+2.5x.5=1.25 D

PRENTICE RULE

In Example 1, we determined that A +2.50 D lens
decentered 5mm inferiorly induced 1.25D of prism.
What type of prism was induced?

If the lens is decentered inferiorly it
means that the optical center is too
low and the patient is looking above
the optical center.

In this example, the patient is
looking through a base down prism.
The induced prism is 1.25D BD

+2.50 lens
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PRENTICE RULE

Prentice Rule: Induced prism (in D) =lens
power (in D) x displacement (in cm)

The tricky part of this equation is that
displacement is in cm in the equation but is
always read in mm

PRENTICE RULE

Remember that a plus lens can be thought of as 2
prisms base to base and a minus lens can be thought of
as 2 prism apex to apex

ol X

If the patient looks through the optical center (where
the 2 prisms meet), there will be no induced prism

PRENTICE RULE

Example 2: A -3.25D Right lens is
decentered 5mm temporally. How much
prism is induced?
Prentice Rule: Induced prism (in D) = lens
power (in D) x displacement (in cm)
We know that

the lens power is -3.25

the displacement is 5 mm which must be
converted to cm by moving the decimal point one
place to the left. So, 5mm =.5cm

Induced prism = 3.25 x.5=1.6 D Bl .

13



PRENTICE RULE

Example 3: The optical center is 4 mm
below the pupil on a +7.75 D lens. What
prism is the wearer experiencing?

Prentice Rule: Induced prism (in D) =
lens power (in D) x displacement (in
cm)

lens power = +7.75

displacement = 4 mm = .4cm

P=2?

Prism =7.75 x .4=3.1D BD

PRENTICE RULE

Example 5: Induced prism (in D) = lens power (in D) x
displacement (in cm)

PD =5cm

OC=7cm

Power of lens OD = +3

Power of lens OS = -3

How much prism is induced in each eye?

The OC is wider than the PD, so the lenses are

drawn with the OC temporally ou (red arrows)

Displacement = OC-PD = 7cm-5cm = 2cm OU, @ @

So 1cm per eye

Induced Prism OD = +3 x 1cm = 3D BO . ’ ’ g

Induced Prism OS = -3 x 1 = 3D Bl )

WHAT ELSE?

Amplitude of Accommodation: useful in
prescribing bifocals, calculates how much

focusing power (or accommodation) a patient will

have in a certain situation.

Conoid of Sturm: instead of a focal point, a
spherocylindrical lens creates 2 focal lines
perpendicular to one another and at different

focal distances. Half way in between the 2 lines a

bl ur circle is formed call
confusiondé and is represen
equivalent of the spherocylindrical lens.

et
Tl ¢
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PRENTICE RULE

Example 4: A patient is wearing +10 lenses. The
interpupillary distance (PD) is 70mm, but the distance
between the optical center (OC) is 60 mm. What is the total
amount of induced prism?

Prentice Rule: Induced prism (in D) = lens power (in D) x
displacement (in cm)

lens power = +10

displacement = The orange dots represent the PD, the
red dots the OC where the patient is looking. 70-
60mm = 10mm displacement OU = 5mm per eye.
5mm = .5cm

P=2

Prism OD = +10 x .5cm = 5D BO

Prism OS = +10 x .5cm = 5D BO

Total Induced Prism ou =

10D BO

TEST YOUR KNOWLEDGE FROM MODULE 4

+10 sphere lens both eyes, amount of displacement is %
cm temp in each eye. What is the amount of induced
prism in each eye and what is the total amount of induced
prism?

+10 lens both eyes. PD = 60mm. Distance between
optical centers = 70mm. What is the amount of induced
prism per eye and what is the total amount of induced
prism?

+1.00 lens OD, +2.00 lens OS. PD = 7, distance between
optical centers = 6cm. What is the amount of induced
prism per eye and what is the total amount of induced
prism?

PD = 5cm, distance between optical centers = 7cm. Power
of lens OD +3.00, OS -3.00. What is the amount of
induced prism per eye?

A patient views 5mm in from the optical cecnter of a -
3.00D lens placed before OD, and 5mm in from the optical
center of a-2.00D lens OS. What is the total induced
prism effect?

WHAT ELSE?

Vertex Distance: the distance from the back
surface of the glasses lens to the front surface of
the eye can affect the effective power of the lens,
especially in higher powered prescriptions
Convert K readings to cylinder correction:
Corneal cylinder power equals the distance
between the diopter power of the steepest corneal
meridian and the diopter power of the flattest
corneal meridian. Use the axis of the higher
number
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WHAT ELSE?

Low Vision Aids
Start early when the VA in the better eye
drops to 20/50
Divided into 3 groups
oMagnifiers
the reciprocal of the visual acuity indicates
the minimum number of D needed to read J5.
If VA is 20/100, pt will need 5D of
magnification. Double it for J1.
1X magnifier is equal to 4D. 5X = 20D
oLighting/Contrast
oNon-optical aids: writing guides, visual rehab

TEST YOURSELF AT HOME

What is the focal length of:

-6D lens

+8D lens

+9D lens

+10D lens

+12D lens

+20D lens?
What is the dioptric power of a lens with the following focal
length:

2m

1/4m

3m

12m

10cm

im

20cm

TEST YOURSELF AT HOME

OPTICAL CROSS
Write +2.00 x 90
+10.00 x 180
+4.00 sphere
+20.00 sphere
+3.00 x 90
+1.00+2.00 x 90
+2.00+1.00 180
-10.00+5.00 x 90
-1.00+4.00 x 180
-7.00+1.25 x 90
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MEMORIZE

F (in meters) = 1/D
How to transpose
o add sphere power to cylinder power = new sphere power
o change sign of cylinder power
o change axis by 90
Spherical equivalent: add % the cylinder to the sphere
Prentice Rule: Induced Prism = P x distance in cm from
center of lens
U + P =V AIl CAPITALS measured by Diopters
U+ P =V small letters measure distance in meters
U=1/u V=1N
U = vergence of OBJECT V = vergence of IMAGE

FRONT of lens/real object/ BEHIND lens/real
virtual imaﬁe imaée/virtual object

Minus Numbers Plus Numbers

TEST YOURSELF AT HOME

Transpose AND find the spherical equivalent of the
following:
+1.00+2.00 x 90
+2.00+3.00 x 180
-1.00+1.00 x 10
+1.00+1.00 X 20
-7.50+2.50 x 30
+1.00+5.00 X 40
+3.25+3.00 X 50
Plano+0.50x 60
+0.50+2.00x 70
-0.75+1.50 x 80
-4.00+2.00 x 90
+10.00+0.50 100
-10.00+0.50 100
Plano+3.00x 110
Plano-0.50 x 120
-0.25-1.00 x 130
-2.00-2.00 x 140
Plano-4.00 x 150
+3.00-1.00 X 160
+6.00-3.00x 170

TEST YOURSELF AT HOME

TYPES OF ASTIGMATISM
+7.00+3.00 x 10
-1.00+2.00 x 20
-10.00-5.00 x 30
+1.00+1.00 x 40
+0.50+0.50 x 50
+3.00-2.00 x 60
-2.00-2.00 x 70
+5.00+5.00 x 80
+0.25+0.25 x 90
Plano+1.00 x 100
-1.50+1.50 x 110
+2.25+0.25x120
+4.00-0.50 x 130
-6.50+5.50 x 140
-3.50+3.00 x 150
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TEST YOURSELF AT HOME

A real object is located .5m from a +4 lens. Where is the image? Is it real or

virtual?

A virtual object located 25cm from a -3 lens. Where is the image? Is it real
orvirtual?

A real image formed 25cm from a -4D lens. Where is the object? Is it real or
virtual?

What is the focal length of a lens that forms a virtual image 25cm from the
lens of a real object located 50cm from the lens?

A real object is located 1m from a -2 lens. Where is the image? Is it real or
virtual?

A real object is located 50cm from a -2 lens. Where is the image? Is it real or
virtual?

Avirtual object is located 6D from a -3 lens. Where is the image? Is it real
orvirtual?

A real object is located 0.5m from a lens. The real image appears at 1m.
‘What is the power of the lens?

The real image from a +2D lens appears at 50cm. Where is the object?

A real object is located 4D from a -4 lens. What is the image vergence? Is
the image real or virtual?
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TEST YOURSELF AT HOME

If the PD = 57mm, the distance between the optical centers = 47mm,
and the power of the lens OD is -4, and OS is -8, what is the total
amount of induced prism per eye, and what is the total amount of
induced prism?

If PD = 10cm, distance between the optical centers = 8cm, and power
of lenses OU = +2.00, what is the total amount of induced prism?
With +10.00 lenses OU, and the amount of displacement is % cm
temp in each eye, what is the total amount of induced prism?

+1 lens OD, +2.00 lens OS, PD = 7cm, distance between optical
centers = 6¢cm, what is the total amount of induced prism?

+12 OD, +10 OS, if the optical centers are both displaced 5mm
temporally. what is the total induced prism?

What is the total induced prism when a patient looks 5mm above the
optical center when wearing +4 OD and +2 OS?

A patient is wearing +6 OD and -3 OS. His glasses keep slipping
down his nose so that he looks 3mm above both optical centers. How
much induced prism does he have in each eye?

If a spectacle prescription is +4 OD and OS, and the optical centers
are displaced 2.5mm temporally, what is the total amount of induced
prism?
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