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To calculate how much prism power is exerted by the lens on
these 2 rays, assume that point 2 is 2 ¢m from the lens axis and

THE PRISMATIC EFFECT OF LENSES

It's been some time since we studied something about prisms and
their ma__.:< to change the direction of light beams. It should come as : " is deviated from the straight-ahead direction by such an angle that it
no surprise to learn that lenses also exhibit prism power because i
they aiso change the direction of light rays, but their ability to do is
not constant. Any light ray that falls on the surface of a lens is subject
to a constant vergence effect by that lens; however, the prismatic
effect by that lens on any incoming ray varies, depending on specifi- i
cally where on that surface the ray strikes. ] 1 .ﬂ

Let's take a concrete example: The light coming from an axial
point at infinity falls onto a lens of + 2 D power. The rays will be
brought to a focus 50 cm behind the lens at its secondary focal

point F'.

2
The tangent of the angle of deviation ¢ must be 5o & .04. Back

M
when we described how to measure angles, we notad that 100 times
—— the tangent of an angle is equivalent to that angle expressed in prism
— b D i diopters. So, angle § must be 4 prism diopters.
5 The next diagram analyzes what happens at point 1. Here, & is
F _equal to ) or .02, and this is equivalent to 2 prism diopters:
v

Since all parallel incident rays will focus at F’, each ray must have
been bent a different amount by the lens; those rays striking the lens
close to its axis will be deviated only slightly while those hitting the
lens nearer to its periphery will, of necessity, be bent a greater
amount if they are to cross the axis at F'. The degree of bending (or
deviation) exerted by the lens at the point that an incident ray touches
the lens is its ~'prism power’". So, the prism power of the lens at point
2 affecting ray (a} must be greater than that affecting ray {b} which

strikes the lens at point 1.

So, the prism power exerted by the lens at position 2 is 4# while
that at position 1 is 23, This was a specific example; let’s generalize:
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_.mﬂ.u — the distance from the lens axis of the point we wish to ex-
m_.ﬁ:._m. and § — the focal length of the lens in question. Both these
nm_mnmsomm were expressed in centimeters in our example, so let’s con-
::.:m with the same units. We have seen that the prism power (in
prism diopters} of the point in question was 100 tan 6. Tan § =

lw.l so, 100 tan § = 100 .ﬂ If the lens power is expressed in diopters
of vergence, .W = f, when { is given in meters; if instead, f is in cm,
then f = almw“
100 tan @ = ._oo.m.ﬂ dooﬂmﬁw =d-P

P

. Thus, the angle 8 in prism diopters = d {cm) x P {Diopters). This
is w:as.: as Prentice’s rule and is a most useful one for the clinician.
This _.:._o is very valuable in arriving at the prism power induced by
any point in any corrective lens. Just remember that d is measured in
cm to the optical center {at the lens axis).

PROBLEM:
<<_...3 is the amount of prism induced 7 mm from the axial point
of a minus spherical lens with a focal length of 8.5 cm?

ANSWER:
1 1
P=—: P=—7gg=—12D
) ) .085
The prismatic power = d X P = {7cm} (— 12D} =

diopters.

8.4 prism
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~ must we know the 2

_of the prism is always at that lens p

To determine the optical effect of this prism induction, not only
mount of prism, we must also know which way
is oriented, as this tells us the direction of
y that particular lens point. The base
osition that is “'thickest,” so the
peripheral in a minus lens;

‘the prism base or apex
deviation of the rays caused b

base tends to be central in a plus lens and
but not always, such as in the following extreme exampie:

_—— LARGE PLUS LENS BLANK"

~~ OPTICAL CENTER OF BLANK"

A 3 cm diameter circular lens is cut out from a much targer + 3D

“lens blank’’ . The diagram shows how the smaller 3 cm plus lens can
be fashioned with its optical center at an edge and not at its geometric
center; thus the base here is not central as it usually is in a plus lens.

For the measurement of the induced prism, you have to know the
location of the optical center {which is concomitantly the prism base
with plus lenses). To determine the prism power at the geometrical
center (1.5 cm from any edge of the small lens above}, we refer to
d % P. The distance d in cm must be from the optical center which
is 1.5 cm away at its right edge [as shown}.
The lens power P is 4- 3 Diopters. So. the prism power is
15 % {+ 3) = 4.5 Base to the right (as you face it). If this is a
“eorrective’’ spectacle lens and is worn so the nose is on the left of
our drawing, this 4.5* is directed Base Out; if the nose is on the right.
this same prism is directed Base In. If this lens is rotated appropri-
ately in front of the patient’s pupil, the prism base can also be straight
up or straight down. However, if there is vertical prism induced, you
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must also name the eye to designate the direction; Base Up OD is
exactly equivalent (as far as the eye muscles are concerned} to an
equal amount of Base Down OS.

Moreover, a point on the lens can exhibit both vertical and hori-
mo_:m_ base effect simultaneously, if its direction from the lens axis
is off at some angle which is not a straight vertical or horizontal one.

OPTICAL CENTER
Q@ am
P ! BASE
2 ) DOWN
OS5. BASE OPTICAL CENTER
]

ouT

if the above lens is a plus lens and if the nose is on the left, Point Q
introduces vectors of Base Out and Base Down prism effect.

If the visual axis of an eye looks through the optical center of any
spectacle lens, there will be no prismatic effect induced. But if the
eye rotates to look up, down. of through any positions other than
the optical center, prism is induced, and any object viewed through
that portion of the lens will appear to be displaced {toward the apex of
the induced prism). For example, study the figure below which shows
an eye peering through the lower periphery of a minus lens:

CENTER OF
Y7 ROTATION

APPARENT OBJECT - ~
POSITION _ .-~

A
REAL OBJECT POSITION
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In this figure Point P in this minus lens introduces Base Down prism
and makes the object at A appear to be at B. So, the object will appear
to be displaced upward. Therefore, to align the macula with the dis-
placed image. the eye has to rotate down a lesser amount than it
would if the lens were not there.

Let's now look at a clinical example:

PROBLEM:
What is the prism induced when the two visual axes intersect a

paic of spectacle lenses at points 1 cm directly below their optical
centers? (0S: —12D; oD: — 10 + 2 x 180°).

ANSWER:

0S.: -12o 0.0.; -0 +2x 180

Prism induced is d X P.

Prism induced is d x P.
d is 1 cm but what is P?

{1em} X (12 D) =123

Since this is a minus lens. the The power of this lens in the
base of the prism (thickest part  vertical meridian is gained from
of the lens) is down. the sphere and the cylinder
components: the spherica!
component is — 10 D: the
cylindrical is + 2 D. {A
4+ 2 x 180° has no power along
its axis at 180° but +2 D
along the verticat meridian.)
So the total P in the vertical
meridian is —8 D and the prism
induced is 82 Base Down.
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If there were 82 of B.D. prism induced by both lenses, there
would be no real problem for the patient since the prismatic effect
would be symmetrical for the two eyes. The object would be dis-
placed upward (toward the apex) from its normal position, but this
causes no great tragedy. Though such a symmetrical “prism displace-
ment” of the object js usually noticeable by patients with high
powered plus or minus spectacie lenses, they tend to adjust rapidly
to its presence and do not tend to be bothered by it.

Trouble can arise, however, in patients who have a difference of
induced prism between the two eyes, as in our clinical example
above; there is 44 more Base Down 0S than OD. If a patient tries to
read through the point 1 cm below the optical center of each lens, he
encounters a vertical misalignment of the two retinal images of 44,
which may be too great for him 1o compensate for by using his verti-
cal motor fusion. The non-presbyope will usually have no problem.
He avoids this area of the carrective lens like the plague by rotating
his head to read so that he looks directly through the optical centers
of both lenses where there is no prismatic effect; this neatly solves
the problem for him. The presbyope, however, is the one who has
difficulty. He will not be able to read through the optical centers of
the distance correction since there is not enough plus power there to
replace his lost accommodation. He requires a reading add which is
usually built in as a bifocal segment positioned below the optical
centers of the distance glass. This forces him to read there, through
an area of the lens that has prism power induced. We will be looking
at this “"differential prism’* problem and how to soive it when we ook
more closely at bifocals in a few moments.

Clinically, the alignment between the optical centers of the two
corrective lenses and the corresponding visual axes is very important.
Each of these variables must be measured, and is routinely by the
optician as part of his job. The true separation of the visual axes is
m_oﬁ easy to determine, so he uses its approximate equivalent, the
interpupiliary distance, which is simple to measure. If the spectacle
corrective lenses are aligned so that each optical center is directly in
front of the corresponding pupil, no prismatic deviation is induced. If
both lenses are of equal corrective power, and the eyes rotate behind
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induced prism will affect the rotatio

" petween the optical centers of the lenses is great

xes pierce them in cemparable positions, the
ns of each eye similarly, and again
owever, if the separation
er or less than the

them so that the visual a
tivere will ba no differential prism induced. H

jilary distance (P.D.}, or if these corrective lenses are of un-
wifl be a different amount of prism induced at
sitions of the lenses {upper right, lower

.interpup
equal powers, there
comparable geometric po
left, etc.).

A typical problem is as follows (the fig

patient’s side):

ure is drawn from the

0S.
oo |
W_AA..!T-QO.!’
: Smm
N wvisuaL Axis _ L7
CROSSING

The distance baetween optical centers is 60 mm. The patient’s P.D. is
70 mm. M the spectacle lenses are both — & D, at each point P {where
the visual axis penetrates the lens) there will be (0.5 em} X {— & D}
or 3° Base Out prism induced — a total of 6 Base Out action for the
two eyes combined. Base-out prism will deviate the images inward
for each eye and, therefore, for sensory fusion of the two images to
occur, the eyes must over-converge by 62 for objects at infinity. This
convergence demand may or may not be desirable, that is, it may be
aither helpful or troublesome for this patient. In any case, you should
be able to determine quickly the amount of prism induced at various
points in any lens and to understand the effect it produces as far as

the patient is concerned.
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M“.m“ _m_mo Jm:‘_m the eye to designate the direction; Base Up OD is
ctly equivalent {as far as the eye muscles are concerned) t
equal amount of Base Down OS. °g
Moreover, a point on the lens can exhibit both vertical and hori-
.Noznmq base effect simuftaneously, if its direction from the lens axis
is off at some angle which is not a straight vertical or horizontal one.

OPTICAL CENTER
Q
_b.- o
o} i BASE
g i DOWN
0.. PASE OPTICAL CENTER
I

ouT

_* the above lens is a plus lens and if the nose is on the left, Point Q
introduces vectors of Base Out and Base Down prism effect.

If the visual axis of an eye looks through the optical center of any
spectacle lens, there will be no prismatic effect induced. But if the
eye rotates to look up, down, or through any positions other than
the optical center, prism is induced, and any object viewed through
that portion of the lens will appear to be dispiaced (toward the apex of
the induced prism}. For example, study the figure below which shows
an eye peering through the lower periphery of a minus lens:

CENTER OF
A4 ROTATION

APPARENT OBJECT _ - ~
pOSITION _ - -~

P

Be~

A
REAL OBJECT POSITION
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In this figure Point P in this minus lens introduces Base Down prism
and makes the object at A appear to be at B. So. the object will appear
to be displaced upward. Therefore, to align the macula with the dis-
placed image. the eye has to rotate down a lesser amount than it

 would if the lens were not there.

Let's now look at a clinical example:

" PROBLEM:

What is the prism induced when the two visual axes intersect a

pair of spectacle lenses at points 1 cm directly below their optical

centers? (0S: —12D; oD: — 10 + 2 x 180°).

ANSWER:

0S.: -eo O.D.: -10+2x 180

Prism induced is d X P.

Prism induced is d X P.
4 is 1 cm but what is P?

(1cm) X (12D} =12*

The power of this lens in the
vertical meridian is gained from
the sphere and the cylinder
components: the spherical
component is — 10 D: the
cylindrical is + 2 D. {A

+ 2 % 180° has no power along
jts axis at 180° but + 2 D
along the verticat meridian.}

So the total P in the vertical
meridian is — 8 D and the prism
induced is 82 Base Down.

Since this is a minus lens, the
lbase of the prism {thickest part
of the iens) is down.
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If there were 84 of B.D. prism induced by both lenses, there
would be no real problem for the patient since the prismatic effect
would be symmetrical for the two eyes. The object would be dis-
placed upward (toward the apex} from its normal position, but this
causes no great tragedy. Though such a symmetrical “prism displace-
ment” of the object /s usually noticeable by patients with high
powered plus or minus spectacie lenses, they tend to adjust rapidly
to its presence and do not tend to be bothered by it.

Trouble can arise, however, in patients who have a difference of
induced prism between the two eyes, as in our clinical example
above; there is 44 more Base Down OS than OD. If a patient tries to
read through the point 1 cm beiow the optical center of each lens, he
encounters a vertical misalignment of the two retinal images of 44,
which may be too great for him to compensate for by using his verti-
cal motor fusion. The non-presbyope will usually have no problem.
He avoids this area of the corrective lens like the plague by rotating
his head to read so that he looks directly through the optical centers
of both lenses where there is no prismatic effect; this neatly solves
the problem for him. The presbyope, however, is the one who has
difficulty. He will not be able to read through the optical centers of
the distance correction since there is not enough plus power there to
replace his lost accommodation. He requires a reading add which is
usually built in as a bifocal segment positioned below the optical
centers of the distance glass. This forces him to read there, through
an area of the lens that has prism power induced. We will be looking
at this “"differential prism’* problem and how to solve it when we look
more closely at bifocals in a few moments.

Clinically, the alignment between the optical centers of the two
corrective lenses and the corresponding visual axes is very important.
Each of these variables must be measured, and is routinely by the
optician as part of his job. The true separation of the visual axes is
not easy to determine. so he uses its approximate equivalent, the
interpupillary distance, which is simple to measure. If the spectacle
corrective lenses are aligned so that each optical center is directly in
front of the corresponding pupil. no prismatic deviation is induced. If
both lenses are of equal corrective power, and the eyes rotate behind
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them so that the visual axes pierce them in comparable positions, the
induced prism will affect the rotations of each eye similarly, and again
there will be no differential prism induced. However, if the separation
between the optical centers of the lenses is greater or less than the
interpupillary distance (P.D.), or if these corrective lenses are of un-
equal powers, there wili be a different amount of prism induced at
comparable geometric positions of the lenses {upper right, lower

left, etc.}.
A typical problem is as follows (the figure is drawn from the

atient’s side):
P

0S.

N VISUAL AXIS _ _ _ "/
GROSSING

The distance between optical centers is 60 mm. The patient’s P.D. is
70 mm. If the spectacle lenses are both — 6 D, at each point P (where
the visual axis penetrates the lens) there will be {0.5 cm) x {— 6 D)
or 3% Base Out prism induced — a total of & Base Out action for the
two eyes combined. Base-out prism will deviate the images inward
for each eye and, therefore, for sensory fusion of the two images to
occur, the eyes must over-converge by 62 for objects at infinity. This
convergence demand may or may not be desirable, that is, it may be
either helpful or troublesome for this patient. In any case, you should
be able to determine quickly the amount of prism induced at various
points in any lens and to understand the eftect it produces as far as
the patient is concerned.
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So much for prism displacement in the minus lens. What about
that induced by a plus lens? As you might expect. looking through the
comparable position of a plus corrective lens demands a greater
rotation by the eye to see an off-axis object.

In the diagrams below, # is the angular position of the object as

subtended at the nodal point of the eye without any lens being;

present; &' is its angular position {again subtended at the eve's nodal
point) as the same object is viewed through the lens.

As you can see, the high plus corrective lens for aphakia is par-
ticularly adept at causing “object displacement”. {The object shown:
above is displaced away frem the lens axis.) This can discombobu-
late the hand-eye coordination for any aphakic patient; for example,
when he eats (looking through the lower part of his specs) he will
notice that objects not only appear magnified and closer {as you
should by now recall), they will also be displaced downward. The
combination of these three effects {plus other optical image distor-
tions) make it particularly difficult to "“get used to” aphakic specta-
cles. So be tolerant of your aphakic patients; they’re not confabulating.
their symptoms.

246

Rotational Magnification

Let us see how much ocular rotation is required to look up at an
off-axis object through a spectacle lens and compare this rotation to
that necessary without the lens while looking at the same object.
This comparison, since it is in percentage terms, can also be locked
at as a magnification — so, in addition to linear, angular, and axiai,
we have a rotational magnification. This type is unrelated to the
others, and it is not an unimportant consideration; in fact it may be
as or more significant for a patient {symptomogenically speaking)
‘than is the angular magnification of a spectacle lens.

Look at the diagram given below:

~@ P

V

b 25mam —+

The eye is typically situated behind a corrective lens so that the
cornea is about 15 mm away. The center of rotation CR of the eye is
.approximately at the eye’s “'‘center’’, perhaps 12 mm behind the
cornea. The center of rotation then is approximately 25 mm behind
the lens. {Don't quibble about 2 mm difference:; the arithmetic be-

comes easier neglecting it!)
Ray 1 from an object at infinity strikes the lens (here, a plus

axis at the center of rotation of the eye. The angle it makes with the
axis is 8. ._.36 is n:m m__._m_o Em m<m s__o:_.u rm<m to rotate through to

E:socﬂ the _m:m. this eve would only have to rotate through an angle
& 10 see that same object. (Here 8 is shown by ray 2 through the lens

nodal point.}
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Ray 1 is parallel to ray 2; so, if we continue ray 1 (past the lens
but without refraction by it}, it would also intersect the axis at an
angle §. This straight continuation of ray 1 will cross the axis at point

0.

The Ring Scotoma

Another problem presented by aphakic {or high plus) lenses and
caused by their prismatic effect is the “'ring scotoma’". The peripheral
edge of the lens usually possesses the maximal prismatic power for

For the moment, let's neglect the fact that both rays 1 and 2
that lens and will create the greatest deviation of rays.

stem from a single object point at infinity, and look at ray 1: it and
the axis can represent two rays of light, both aiming toward O. To-
gether then, they fix the location of point O as a virtua! cbject point
for the lens; you should then see that C.R. becomes the correspond-
ing image point. Thus, axial points O and C.R. are conjugate, and the
distance from the lens to O becomes distance u; that from the lens to

C.R. {256 mm here} is v.

B OBJECT POINT

U P = Vi and V = g = + 400 B s
Therefore. U=40-—-P
1 1
:Hhofb“m:n_\uﬂd N\
For small angles, and with dimension x in the lens plane as shown, i i
§' = e — = 40x X
v 1
< LN
X X
m".m.ﬂ 1 = {40—P) x
40—°FP - . .
o' ~ When the eye is directed straight ahead, some object says from P,
The rotational magnification = ) t “will hit the lens periphery and will be refracted so that they enter the
8 40 x 40 eye through the pupi! and will appear to arise from a more peripheral

g.i..::!_ = % e aholvv X = glﬁ
This relationship holds true for any corrective lens (plus or minus)
located in the spectacie lens plane.. For an aphakic lens of + 12 D;

the rotational magnification is

40 0. 1.43 or 143%

30—12 28

direction (at 1). Another ray, drawn from P,-—a point located just
beyond | — does not go through the lens; (if it did, it would not be
‘able to enter the eye — it would be refracted by the lens in too great
a downward direction}. This ray from P: is the most peripheral one
hat just misses the lens and is thus not affected by it, but that ray
Thus an aphakic eye through its corrective lens must axert | does get through the pupil. Rays from object point P can be seen by
43% greater than a non-aphakic eye viewing that same object. ' the eye from “‘around” the lens. They will not be in sharp focus but
stated. this stress on a patient's extraocular muscles may present : : ﬂ..,,w..a__ can be seen by the eye. Since P: is the most peripheral object that
more of a problem 1o him than the 25% angular size magnification of e | can be seen by this eye through the lens and P: denotes the next direc-
his retinal Image! tion that is visible 1o this eye around the lens, the entire angular space

between Py and P is invisible. |1f some object is located within this

249

a rotation.
As
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blind area, the farther away that object is from this eye, the larger it
can be and still remain completely hidden. The eye is as completely
blind for this region as it is for the area subtended by the optic nerve
head. It is a blind ring of space roughly 15° in angular extent, de-
pending on the actual power and size of the corrective lens and its
vertex distance.

You can demonstrate this field defect easily with a perimeter. The
scotoma’s overall shape will depend on the exact shape of the cir-
cumference of the lens; a square lens would give a square blind area.

The patient will not see a blank area; he will see space as con-
tinuous — filled in — but as if a strip of visual information has been

snipped out.

quare window and a car might look like the sketch
 gseems missing; the clearer parts of ﬁ_..m..
through the lens — these will be

For example, a s
above, where ‘something
image are those that are seen

magnified.
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A word now about “limiting rays’* — | have drawn the limiting
ray as that one just marnaging to spill through the lower pupiilary
edge; this is not quite conventional. In standard optics texts it is
usually shown as the particular ray that passes through the center
of the pupil. Actually it makes no practical difference which one is
used, but the ray | chose makes for an "easier-to-visualize’' explana-
tion of the next phenomenon.

The exact extent of the ring scotoma depends on those particular
limiting rays that can just skim by the corrective lens and still get
thraugh the pupil to fall onto the retina. The position of the pupil
then, is key. The foregoing description of the “‘ring scotoma’ was
made with the eye directed straight ahead and motionless; so the
pupil’s position (and, in turn, the position of the ring scotoma) was
stationary. However, we know that the eye does not normally stay
rigidly in position behind the corrective lens but continually moves
about, so the pupil will move. This will cause new rays to become
the “limiting ones” and the scotoma will in turn be shifted.

This shifting scotoma accompanying eye movement creates a
peculiar problem called the ‘‘roving ring’’ scotoma. This scotoma
movement is always fowards the lens axis as the eye rotates away
from the axis to take up fixation of a peripheral off-axis object.

| would like to explain this in more detail so look at the accom-
panying figure A:

{See next figure.}
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OLR*OUTER LIMITING RAY
ILR=INNER LIMITING RAY

GOMMON LIMITING RAY JUST QJETS THROUGH
\.O_l” LOWEA EDSE OF PUPIL

CR

~ LIMITING RAY PIVOTS ON P AND ROTATES
DOWN A9 EVE ROTATES UP.

ROVING SCOTOMA aV\

AS EYE ROTATES UPWARD /
THE RING SCOTOMA MOVES enr e

DOWNWARD MOVESD yp

- When the eye is in the straight ahead position, ray (a} is the lim-
iting one since it just barely gets through the lower edge of the pupil.
Ray (b} is refracted by the lens but also just barely gets through the
pupil.

Any object in Area 1 (the ring scotoma) is invisible, but an object
located at position 2 near the border of ray (b} can be seen {but not
m_mm_._f since its image is not on the macula). To obtain a clearer
image of 2, the eye will rotate around its center of rotation CR to look
towards it, and this rotation moves the pupil upward.

252

Look now to the accompanying figure B:

As the lower edge of the pupil moves upward, a new limiting ray is
created. This new ray makes fess of an angle with the axis than did
the limiting ray with the eye in the straight-ahead position. {Imagine
a piece of string connected between the upper edge of the corrective
lens and the lower edge of the pupil. When the globe rotates upward,
the angle that string makes with the axis decreases. That angle is
maximal when the eye points straight ahead.) The fact that the limit-
ing ray position has lessened its angle with the axis as the eye rotates
upward {shown in the figure) indicates that the entire ring scotoma
has shifted downward in this diagram, towards the lens axis!

Let's take it once more for clarity: (In figure A) the final limiting
ray (a) between the lens and the eye is the final common path of the
outer limiting ray {OLR, the one which just passes beyond the edge of
the lens) and the inner limiting ray ILR (that one that is just barely
refracted by the lens}). {In Figure B} when ray {(a) rotates upward
{"*pivoting’* on the top edge of the lens), the entire ring scotoma must
rotate toward the axis (downward here}. Thus, with the lens fixed in
position and the eye rotating upward, the ring scotoma rotates oppo-
sitely and swings into position downward.

Now look specifically at positions 1 and 2 in the figure: As this
downward rotation of the “ring scotoma’’ occurs, the “‘blind area”
will encompass the previously visible position 2 and gobble it up —
it will disappear as the eye tries to see it! Also, objects previously in
position 1 (invisible with the eye straight ahead) “pop’’ suddenly into
view. This is the “Jack-in-the-box” phenomenon often spoken of in
the literature.

These phenomena can occur with the lens perfectly still, with only
the eye doing the moving; this yields the "‘roving ring” scotoma. How-
ever, this same effect is even more pronounced when the lens is mov-
ing too; with motion of the patient’'s head the ring scotoma will shift
about in space, making objects disappear and then suddenly appear
out of nowhere! This is extremely disconcerting to many patients but
thankfully it can be gotten “used to’’ readily by most.

This effect is most noticeable in the mid-distances, say. between
3 and 12 feet. Up close, for reading. one's attention is on the reading
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material itself and most surrounding objects are visually large enough
not to be compiletely hidden within the ring scotoma. At distances
over 20 feet. as in driving, the central field of view is large enough
to encompass most of the objects which might interfere with driving.
So neither the near or far distances are usually too troublesome for
the aphake. It is within the confines of a single room. however, that
most of the difficulty is evident and the patient becomes most
symptomatic.

Since the ""Jack-in-the-box”’ has an optical basis. the only way to
remove it completely is by not wearing spectacle corrective lenses
which necessarily produce this prismatic effect. Contact lenses are

free from this taint.

Hand Neutralization of Lenses

This spot seems appropriate to introduce a practical application
for the prismatic effect induced by spherical lenses. Since 1| have
already written a short article on this subject.” 1 will reproduce it

here.

The Broken Lens Puzzle
(or, Hand Neutralization Without Tears)

It is 4:50 p.m. E.D.T. You have just completed a day filled with
the usual tribulations — demanding patients and complicated exami-
nations, topped off with a disastrous glaucoma problem — a typical
afternoon at the office. You eagerly anticipate some sun and fun with
your foursome, which is scheduled to tee off at 5:15 at the Club. At
this moment, into your suburban office dashes the bejeweled wife of
the local bank president. it is obvious that you are not bursting forth
with enthusiasm to see Mrs. W.0.B.P. {Wife of Bank President).

* Aubin, M. L.: “The Broken Lens Puzzle"
Survey of Ophthalmology, 15:105-108, 1970.
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In her matronly hand she clutches some cracked lenses which
were once a pair of vogue-ish spectacles. Naturally, she insists these
be replaced (as with all other such demands) “yesterday.” Well, no
matter. Although the optician is over 40 miles away, a simple phone
call of the prescription should do nicely to yield a newly-ground pair
of spectacies in short order.

First to the files and the patient's previous record, Ugh; the W's
are out being microfilmed this week. Aha. the lensometer in the cor-
ner. Horrors, a burnt-out bulb! Luckily, your next lane has anather
instrument. Double horrors and gnatsl! You buib-snatched that light
last month!

Now what? The Geneva lens gauge at the back of your bottom
desk drawer? No good. Mrs. W.0.B.P. has a high minus correction
which has previously been ground in Thin-iite lenses {American Opti-
cal Company, Buffalo, New York) (index 1.70}; the Geneva clock is
calibrated for an index of refraction closer to 1.52. (Using this instru-
ment would cause a great error in readings; so, it is certainly not ap-
propriate for Mrs. W.O.B.P.}} Curses.

Wait . . . Could you possibly consider hand neutralization of the
lens and do it effectively? It's been at least 10 years since you even
held a loose lens in your hand!

Qut comes a dusty box of trial lenses. In less than 1 minute you
have the proper prescription. You race to the phone, call the optician
and catch him at 5:00 p.m. just as he is closing. Joy. The lenses will
be delivered tomorrow to a grateful patient, and punctually you meet
your foursome, soundly trouncing each member in your state of
euphoria.

In order to enable each reader to emulate our skillful ophthalmolo-
gist and to refresh his own memory as to the details of the useful
maneuver of hand neutralization, let us now review the simple optics
and rules involved.

DETECTION OF MOTION

If you hold any minus lens in front of your eye (say. about 1 foot
away) and view a distant object through the lens while moving it
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cui.m&. the object will appear to move upward also. This apparent
motion of the object in the same direction as the movement of the
lens is called with motion (Fig. A).

EXTERNAL
I* REFERENCE
LINE

A B
"WITH" MOTION “"AGAINST" MOTION

[ = =]
sz_Z._Hosz mnnmz._...WHo

ALIGNMENT

E F
“AGAINST ROCK" YWITH ROCK"
WHEN ALIGNED, INDICATES WHEN ALIGNED, INDICATES
PLUS CYLINDER AXIS MINUS CYLINDER AXIS
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A plus lens similarly moved will provide an against motion (Fig. B}.
The detection of even minimal amounts of motion, either “with’" or
“*against’”’, is actually extremely simple — certainly one-quarter of a
diopter should be patently obvious, and as little as one-eighth of a
diopter is detectable with a bit of practice.

~Against” motion always serves as an indication that an unknown
lens has plus power, and “‘with™ motion usually labels a lens as minus.
However, "“with'" motion can also be simulated by a pius lens, if it
is held so that the eye-to-lens distance is greater than the focal length
of the lens; in the latter instance, the image seen is inverted and real.
in any case, there is rarely any difficuity in telting plus from minus.

NEUTRALIZATION

Using the “with™ or “against’” motion as a cue, both the spheri-
cal and the cylindrica! powers of any unknown lens can be determined
with ease. The technique called hand neutralization involves the plac-
ing of lenses of known power by trial-and-error in juxtaposition to the
unknown lens, in an attempt to efiminate (neutralize) any image
motion.

As a practical point, it is easier to detect the minimal image mo-
tion produced by a weaker-powered lens {or any lens that is aimost,
but not quite, neutralized) if it is held further (a few feet} away from
your viewing eye.

After some practice using a randomly selected spherical lens from
your trial set, you shouid be able to detect the induced motion and
neutralize it with facility, using sufficient plus-lens power to counter-
act “with’* motion and minus for ‘‘against™. Spheres present no par-
ticular problem.

PRINCIPLES

Why do we see “against” motien with a plus lens?

It is somewhat surprising to find that Duke-Elder (Practice of Re-
fraction {7th ed.), C. V. Mosby Company, St. Louis, 1963, p. 36)
states that ~“The reversed motion {seen with a pius lens} is due to
the fact that the image formed by such a lens is inverted.”” Perhaps |
misunderstand his reasoning, but this explanation for the “against’
motion does not seem to be correct. When your viewing eye is closer
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-~ cylindrical power? Detection of cylinder is your first obstacle, which
. canbe surmounted more readily if you first partiatly neutralize some
~ of the sphere, leaving no more than a diopter or so of spherical re-
- siduzl. {An unknown lens of high pius or minus spherical power tends
- o mask any coexistent cylinder.) To aid in this cylinder detection
vou will need some straight reference lines. Luckily, ubiquitous lines
are usually available — a doorpost edge for the vertical, and a table-
“top edge for the horizontal.
View your straight reference line through the “unknown™ lens
‘and carefully align the image line with the externally visible straight
3 :zm {That line will pass through the optical center of the lens. }* Rock
! d:m lens slowly about its optical axis with a wheel-like motion while
_:o_n__:u the lens at arm’s length — at this distance, it is easier to
dmnmﬂ the minimal motion caused by low-powered cylinders as well
as spheres; look for any rotating motion of the straight line in the

to the lens than its focal length, the image you see is virtual and
upright, and not inverted: yet. “against’” motion is visible. No, it
seems to me that the motion itself results simply from "“variable n:....m-.
matic displacement’” by the lens; the direction of that motion is de-
pendent on the position of the “'prism’ apex {central in minus lenses..
peripheral in plus).

A standard straight prism induces constant prismatic displace:
ment. If such a prism is inserted into your line of sight, there wiil be.
an immediate displacement of the image toward the apex of the
prism. However, moving the prism slightly back and forth, in the
same manner described above for the lenses, will yield no movement:
of the image. A plus lens, on the other hand, is not a simple straight-
sided prism. lt can be considered to be composed of a number of
different prisms of gradually increasing powers as one moves from’
the optical center toward the lens periphery. Therefore, viewing an
image through progressively more distal portions of the lens forces. : . I this rocking yields no rotating movement of straight lines
you to utilize a varlable, increasing prism power; this increases the Bm.mo . 9y h J lind To be ab: .
apparent displacement of that object (toward the “prism’ apex) 3 | one can be fairly sure that there is no cylinder present. {To be abso-
through each “‘prismatic”” segment. Motion is thus imparted to the - . e litely sure, fully neutralize any Bl e
image. As a plus lens is moved to the right, the image seen through z _”....w%:mHM.ma 3“02\_._«_.““”_ m_” m_:MM m_“mﬂ””..u, Mh”m q”ﬂ“_ﬂmﬂow_hﬂmw o*
it will mov i i e — .

e e Mo s ol nis o dtsmine. (The mrlan of mavima gl powst i e
cal center, so lens motion to the right will impart motion of the r_._mma _._.__:w_m UM__”JMM“_MJM:MJMM_“ H%ﬁ”“ﬂwmaﬂmﬁﬂmm M“.M,\ﬂ_,n.,_.p_.w_miﬁmw_”
to the righi. Again here, as with the plus lens, the amount of pris i T . . '
matic displacement is variable and increases toward the lens vmqu. ,, ..m..m.xmom LB uom:_w: E:_oﬂm:mﬂm n.:m_rmm ..‘.Mﬂ_dﬁ.::__.o_z..v :...m.mx:.::m_:‘
ery. The exact amount of prism displacement is given by Prentices viewed line and its image through the om:m is line uom:__o: is one
rule — the prism displacement induced by any point in a lens is sim- g 2<o n<__:amq axes; the other s 30° 10 It. If the image line sesms
ply the dioptric power of the lens at that point times its distance: (in S rock “against” the direction of the actual lens rock (Fig. £). the

.m igned meridian is the plus cylinder axis. lt is the minus cylinder

xis if the rock is “'with’”” the lens rotation (Fig. F). Obviously, any

:a_.momu_mzm_..mm_cos..émns..m:u:mmmh:m.ﬁ:Snxm.ﬁco~q<_~<o:..-
mm_ﬁ Smmms}mﬁ_mamm:ﬂ:

om_._zamﬁm..m:._.oaﬂ:mo_u:nm_om:ﬁm_..

._.—.:.m<m:mc_mUlmq:mzn%m_u_mom:..m:rSm?mmﬁ_._mﬁ_aa:méﬁ"
be the explanation for the motion seen through a lens. (Is it really

After locating these axes you will now neutralize each, using only

~ spheres. This procedure is much easier than one which uses loose

,.“n<_.mzamnm.mm:nm<o=om: Eonmmn:o%m:m::mzumzo:&m_.:m_.m&m:

possible that Sir Stewart has erred?}

NEUTRALIZING CYLINDRICAL CORRECTIONS

initially, when you pick up an unknown lens for neutralization,
you are faced with an immediate question. Does that lens have any

¥

i e lens (Figs. C and D), there may be

At least, keep this possibility _: mind.

' |f the line seams somewhat eccentric in th
SAMe prescription-prism ground into the lens.
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without stopping to think whether you are dealing with a plus or
minus cylinder axis. In other words, when you use loose spheres you
can disregard the sign of a cylinder axis as a prerequisite for
neutralization.

Align either axis with the externally visible line and, without rock-
ing the lens, move it side to side, exactly perpendicular to the visible
line. Note any “with”’ or “‘against”’ motion; neutralize whatever you
find, using spheres and this side-to-side motion until no movement
whatsoever is visible. This yields the spherical power of the meridian
at right angles to the externally visible line.

After you complete full neutralization of this meridian, turn the
lens 80° and again align the image line with the external line. Proceed
to neutralize any additional motion present {in the side-to-side direc-
tion) with appropriate sphere. Then recheck the first meridian. {Using
this technique with spheres, you obviously cannot neutralize all lens
meridians simultaneousty; however, that is not necessary.}

The maneuvers described isolate the spherical powers of the two
principat meridians, and ali that is left for you to do is to write the
prescription from this information. {The determination of the axis will,
of necessity, be through an educated guess via study of the lens frag-
ment. Keep in mind that, for any lens prescription placed on the pa-
tient’s face, the reference point-— 0° axis — starts at the left ear
lobe and proceeds counterclockwise — when viewed by the refrac-
tionist — for both the right and left eyes.}

For those individuals who might have difficulty in writing the final
spherocylindrical prescription from the spherical data obtained above,
one can learn to neutralize with spheres and loose cylinders. How-
ever, you should be able to transcribe the appropriate prescription.

Moral: Wise men are prepared for every exigency. Plan on enlist-
ing in this elite corps by practicing hand neutralization for the day
when your lensometer goes ‘‘on the blink". {By the way, have you
checked yours lately?) (Article finis)

Back when we were discussing prisms, | promised to mention the
Fresnel surface. So now, while we are elaborating on the many pris-
matic effects of lenses, | think it's time to pay up.
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Fresnel Surface Principle

Any prism introduces virtually the same amount of prismatic devi-
ation over its entire surface — no matter what portion of the prism
you may look through — the apex, mid-section, or base. So, any seg-
ment or strip of the prism, including the tiny wedge of prism at the
apex, is just as effective as any other {e.g.. the thicker base) in devi-
ating the light.

What if you were to trim off the apex (say, a strip ¥ mm wide)
from each of a large number of prisms of identical powers and assem-
ble the strips contiguously, laying them side by side as shown in the
diagram below?

THE FRESNEL PRINCIPLE

You would then produce a ridged surface which would be able to
introduce a fixed amount of prism power into any light path — just
as did each large single prism from which each apical wedge was cut.
What is gained by such a peculiar construction is a tremendous re-
duction in weight and bulk; what is lost is some optical clarity because
of the number of ridges introduced by the strips — the amount of
clarity reduction, though, depends on how carefully the strips are
constructed.
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Fresnel discovered this *'stripping’’ principie back in the 19th cen-
tury. It enabled him to duplicate the optical power of a large diameter
and, therefore, heavy lighthouse lens with a much thinner and more
manageable one.

For his fens construction, the strips were circular and of a grad-
vally increasing prism power in each concentric ‘‘ring’’ as one moved
away from the center. This gradual change of prism power across the
surface, of course, optically mimics a plus tens whenever the prism
apices of all the ring strips point away from the center -— vice versa
for a minus lens.

Now. Fresnal’'s principie joins hands with modern scientific tech-
nology to allow improvements in the method of production of the
surfaces. So much so, that feasible and practical ophthalmic Fresnel
prisms {and lenses too} of almost any desirable power can be manu-
factured. Various thin, flexible sheeis of plastic incorporating a Fres-
nel surface of lightweight and of very good optical properties are
presently commercially available.” These sheets can be cut to spec-
tacle size and can be “'pressed on’’ to the surface of any ardinary
spectacle lens. They can create appropriate optical effects with very
little of the distortion introduced by standard ophthalmic prisms and
thick lenses, since much of that distortion is due to the thickness of
the glass. Though not yet completely replacing these latter appliances,
the “press-ons’’ are readily accepted by patients, especially aphakes
and those reguiring ophthalmic prisms. We are quite likely to hear
more about other exciting applications of the Fresnel “'press-ons” in
the near future.

CORRECTION OF PRESBYOPIA

We have already touched on accommodation and its progressive
loss with age leading to presbyopia. The correction of presbyopia is
done simply by the supplementation of the patient’s waning accommo-
dative power with plus lenses. We shall assume that any co-existing
ametropia has been fully corrected.

* QOptical Sciences Group, San Francisco, California
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tn order to prescribe the correct amount of reading add, you must
determine the patient’'s near point of accommodation. This should be
done with a good accommodative stimulus, one which will tax the
patient’s full power of accommaodation, such as the smallest letters
on a near acuity chart (that is. those corresponding in angular size to
the maximally corrected distance acuity). These smail letters will
demand a continuous, conscious accommodative effort to be kept
clear. A card with a graded series of print sizes {by Lebenschn, Sloan,
eic.) is used to test each eye separately. Such a card should be sup-
plemented with constant verbal exhortation by the examiner 1o “keep
it clear”” in order to help the patient reach his closest 'Nearpoint”.
This tells us how much accommodation a given patient can muster up
if he had 1o and will expose his full accommodative reserve.

The eye is a biological system with all the associated vagaries, so
it has always been surprising to me that the accommodation reserve
is so remarkably equal in the two eyes. Since we have always con-
sidered that the loss of accommodative power with age is a local one
for each eye and probably not centrally controlled, why shouldn’t one
eye lose accommodation more rapidly than the other? {Cataracts and
other bilateral eye problems are rarely so symmetrical.) in any case,
the accommodative loss is typically symmetrical, and oniy rarely is it
not. So in your refraction lane with a patient, if you happen to find a
closer “Nearpoint’” for one eye than the other, suspect the adequacy
of your distance correction and recheck that before proceeding. You
may have "under-plused’’ one of the eyes.

Once the near point is determined, you have an inkling of how
your patient compares with others of the same age {Duane’s accom-
modation table was given previously}, but that is not of crucial im-
port. What is definitely of major significance is how your patient’s
accommodative ability fits in with his own needs — what level of
ability he requires for his own vocation and avocations. This varies
tremendously and gives weight to my plea that you don’t just read
from a table the “‘proper’ prescription for a reading add for a given
age. The visual requirements of a machinist, a concert pianist, a stock-
broker, and a shoe salesman are all so different that the management
of their visual needs must be individualized.
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It is sald that the patient should be using about one-haif his avail-
able accommodation to perform the task for which he requires glasses.
As is true with rules, there are exceptions, but generally, this seems
to work out in practice. Mave the patient sit with his eyes closed and
use his kinesthetic sense to place his reading matter or close work
at a comfortable working distance for himself. Or, you can have him
show you where he has to hold his head in relation to his work de-
mand, as a dentist looking at a molar. You can then measure this
distance, convert it to the dioptric equivalent and prescribe a glass
which leaves one-half his available accommodation in reserve for that
distance {after trying it first in a trial frame. of coursel).

PROBLEM:
A nearpoint of accommodation {NPA} is found to be 33 cm, s0

the accommodative ability is 3 D. The patient would like to read at
40 cm. What add should | prescribe?

ANSWER:

Since we wish the patient to use Y of his 3 D amplitude for a
task which stimulates an accommodative demand (at 40 cm} of 2.5 D,
we arrive at the following: The demand is 2.5 D: the patient is to use
1.5 D of his own accommodation and this leaves 1.0 D 1o be supple-
mented. Thus, the appropriate lens to try is a + 1.00 D add over his
distance correction. With this in place, he will have a good range of
clear vision surrounding his reading “'position’” at 40 cm.

For this patient, the full extent of his near ''range of accommaoda-
tion’’ is 3 D; this is his amplitude of accommadation. With his read-
ing glasses on, the maximal near position of clear vision is 4D (as
determined by his amplitude of 3 D plus the + 1.00 add}. His clear
vision range will extend to his furthest position of clarity, where no
accommodation will be required: this is to a distance equivalent to
1 D, the amount of his add alone. (See figure A betow).

264

CORRECTIVE LENS

A (+100 aoD [ PLUS A +100400
FAR READING NEAR
POSITION POINT ™ ( PosioN

3D RANGE OF ACCOMMOODATI

M\Nuna
4Qcm
100 cm

ADING NEAR

RE.

POINT ANDP\ POSITION

B. (+250 a0D) FAR J
[ACCOMRANGE]

l._ tBem

40cm
WITH AN INCREASE IN THE ADD, THE ACCOMMODATION RANGE SHRINKS

0

GORRECTIVE LENS
{ PLUS A +250A0D

®

Always check the range of accommodation with the add you plan on
prescribing so you can determine if it will be useful to your patient.
It is usually an advantage to give as little plus add as possible.
Sure, you can bring the maximal near point closer by giving more
add, but, if you do so, you will lose accommodation range on the far
side of the reading position. If this same patient were given a + 2.50
add for his reading (see figure B above), he would not have to exert
any of his own accommodation to read at 40 cm. However, he wili be
mighty unhappy since everything beyond 40 cm would appear blurry
to him: he will not like this add even though his “new’ near point is
brought in to a {3 D + 2.5 D}, that is, 5.5D or 18 cm. So, while a
2.50 add might be of value to an embroidery seamstress, it will prob-

ably not be to a journalist.
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Notice that with the 2.50 add, the range of accommodation
{though still 3 D} has shrunk from 75 em (100 —25) to 22 cm
{40 — 18). This shrinkage of zone is one of the main reasons not to
prescribe the higher power adds to young presbyopes, that is, unless
it is absolutely necessary. Personally, | rarely find it necessary to
prescribe a patient’s first bifocal add until he needs at least + 1.00D
or s0. The frequent prescription of low power adds makes those who
dispense glasses wealthy. {Take that as a hint or 2 warning, depend-
ing on your point of viewl}

CLINICAL POINT:

It is amazing how often a 40 year old who has never worn glasses
comes into your office with presbyopic symptoms. Do not be tempted
to start right in with the near vision tests. You may find that he has
some hyperopia which hitherto has been uncorrected.” It is very likely
that if you simply correct the distance ametropia alone, he will re-
quire no near add whatsoever. You'd be surprised at how often this
simple point is missed by refractionists.

Say you find that 4+ 1.00 D distance spectacles are necessary for
a patient; you prescribe them while telling him that he does not have
to use them for distance viewing unless he wants to, but should use
them wheanever he reads and wants to see what he is reading. This is
not a reading glass even if he uses it only for reading; itis a distance
correction. However, it probably will not be too long before he uses
it all the time. As he gradually loses more of his accommodative
reserve, he’ll find it more comfortable not to exert any accommoda-
tive effort at all for distance vision —a iuxury bestowed by your
prescription. - - *

Of course, as patients get older and lose more of their accom-
modation, you wiil have to prescribe more add. However, in doing
so, only very rarely will you have to exceed 2.5 D" ", and when the
patient has lost enough accommodation to require that much add,
you will probably aiso have to add some sort of “in-between power'’
to take care of the patient's visual needs in the intermediate range

- Even in an adul {including the prepresbyopell, a cycloglegic refraction may well be
requited to fully expose the hyperopia — a fact not often appreciated.
*+ For an exception to this. read “The Case of the Mpyopic Capitalisi”’, which is reprinted

in Appendix &.
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{about 50 — 100 cm). In the standard trifocal lens, where the dis-
tance, intermediate power, and near lens are all put together in one
spectacle lens, this “in-between’’ lens power is automatically about
one-half the near add.

PROBLEM:
A 62 year old patient has an accommodative amplitude of 1D

and wears a 4 2.50 D near add with a + 1.25 D intermediate add.
Draw a sketch of his zones of clear vision.

ANSWER:

RANGE THROUGH| IRANGE THROUGH
+25wromeowre| | +25080D0 L, 00 anp

tween zones of clear vision are easily com-
{Don‘t cheat yourself. Go
o find out if you under-
[ didn‘t draw this out to demonstrate

The small ‘gaps’’ be
pensated for by shifts in head position.

back and make sure you check the ranges t

stand how they were obtained.
my prowess.)

CLINICAL POINT:

The last few diagrams have shown a
ed at the cornea for schematic simplicity. However, in real life,
the lenses are worn in the spectacie lens plane so the vertex distance
becomes a factor. Remember, with high minus ametropic spectacle
corrections, the accommodation demanded at a given distance is Jess
than for an emmetrope; but moreover, the existence of a vertex sep-
aration between the lens and the cornea gives the moderate to high
pe a bonus. By slipping his spectacles slightly {a few mm} down
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must exert 11.62 — 8.7 or only 2.92 D of accommodation to see it
clearly.

We have thus shown that if the — 10 D spectacle lens slips 5 mm
further down the patient's nose, his accommodation requirement to
see material located 20 c¢m away has decreased from 365D to
2.92 D, saving him 0.63 D of accommodation — a substantial quan-
tity for a prepresbyope. But. please do not assume that this benefit
is limited to prepresbyopic myopes. This same principle aids even
the presbyopic myope who is wearing some bifocal add in his spec-
tacles, as long as his overall lens power {minus correction plus bifocal
add} is still minus. So, the presbyopic myope also gains “additional
plus” help by letting his glasses slip down his nose; the higher the
myopia, the more the “help”.

The exact reverse is true for the high hyperope who has to keep
pushing his glasses back up on his nose to keep the accommodative
demand at a minimum*. {See also Appendix E.)

Bifocals

The types, styles, shapes and forms of bifocal lenses commer-
cially available are manifold. Each manufacturer is constantly plug-
ging his awn. | want only to introduce a few principies and not present

a full treatise on this subject.
The precise methods of producing a bifocal are not germain here

though you should have some idea about some of them.

his nose while he is reading, he further lessens the demand on his
own accommodation. This is a little trick all of us pre-presbyopic
myopes have learned!

To explain this, let us use the same clinical data we did with the
example given previously. This patient was an 8.7 D myope who re-
quired 3.55 D accommodation te see reading material held 20 cm
from the spectacle lens, which was — 10 D {see figure A below).

If the lens now is allowed to slip down the patient's nose by
5 mm, the optical situation is as diagrammed in figure B below:

PROBLEM:
Calculate the accommodation required.

EYE REQUIRES 3.55D TO SEE X!
-10D

ACCOMMODATIVE
TARGET

A 87

P MYOPE

Gl

EYE REQUIRES _?0 TO SEE X!
-100

FP

 FUSED TYPE:
Usuaily a plug of glass of high index of refraction is placed into

a depression on the front surface of a standard glass lens and fused
" there at 700°C. The front surface of the add is then polished smooth,
to the same curvature as that of the main lens. The bifocal segment
~ area will have a greater dioptric power than the main lens since it is
~ built of material with a greater a’, which makes its surface power

ANSWER:

U+pP=V
1

~Tqes 10V

—513—10 =V
— 1813 =V
v=—660cm
The image is located 6.6 cm in front of the lens. Since the lens is now.
20 mm from the cornea {originally 15 mm + 5 mm “'slip”), the image;
(which is the ‘"object’” seen by the eye), is 8.6 cm away from the
eye. (That is, 11.62 D away). But the eye is 87D myopic and s0.
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n—n
o

} the greater one.

' focal length of the plus corrective speciacle lens. The specific circumstances which gov-
rn the inconsistent effect on accommodation of a shift in the position of such a plus
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THE "FUSED" BIFOCAL

A. "ROUND -TOP" TYPE

- O n=18l
\ SEGMENT u
e *FUSED"
SHAPE OF n=1523
P INSERT

FRONT

VIEW
OPTICAL
CENTER
OF ADD

B. “FLAT- TOP" TYPE

% n=1.523
nr‘ neist _r/_zmmnﬂ when
‘ fused os above, the upper

piecs opfically disappears

FRONT
A2 OPTICAL
CENTER
OF ADD

ONE PIECE TYPE:

Another type of bifacal (the “Ultex’" type) is ground out of one
piece of glass, but the reading area is cut with a different curvature.
This area is usually on the back and provides the increase in power
necessary to produce the ‘add”.

The radius of the “add’ circle {see figure belaw) may be varied,
and each has a different name: the radius of an Ultex A is 19 mm,
that of an Ultex £ is 16 mm, that of Ultex 8 is 11 mm.
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ULTEX TYPE BIFOCAL

ULTEX A
BACKCURVE
-6D
o BIFOCAL

CURVE OF 19mm

{-4D YIELDS

G 20 ADD OPTICAL CENTER

CUT AWAY OF BIFOCAL
SIDE FRONT

Erom here on, we will assume that whatever the manufacturing
process, all bifocal segments will be equivalent, diopter for diopter,
in providing a given amount of add.

Aside from cosmetic or vocational® reasons for choosing one type
of bifocal over another. there are various optical considerations which
would encourage you to use a specific type — we will consider only
three: the first challenge is to decrease the “‘image jump’ which
occurs as the visual axis sweeps across the junction of the top edge
of the bifocal segment and the distance lens correction; the second
is to reduce the overall quantity of “object displacement™ by reduc-
ing the total prismatic effect through the reading area of the lens; and
the third is to reduce any induced pristatic difference in comparable
reading areas of the two spectacie lenses, since this difference puts
an unequal strain on the vertical eye movements of the two eyes.

Image ““Jump’’
Prism “image jump' is the commonest and probably the most
annoying aspect of wearing bifocals.

* Some types of occupational bifocals have the segments placed at the rop of the pri-
mary lens, such as for inventory clerks, shoe salesmen, and librarians; that is, any pres-
byope who trequently does close work above nosmal eyelevel.
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Say that to see object P, through a distance lens of + 5 D, the eye
must rotate to look through a point 5 mm below the optical center of
that lens. The prism induced at that point is (0.6em) x (+5D) =
2.53 Base-Up — Prentice’s rule. So, object P, will appear to be down
at P/.

As the visual axis moves down further, it crosses the top of the
bifocal segment. !f we cansider that the bifocal segment is + 25D
add and has its optical center 10 mm below the segment top {see

front view of lens in above diagram), then, as the visual axis crosses’

the top of the segment, it suddenly encounters (1cm) X (2.5 D} or
2.52 Base-Down prism. (The prism base of the plus lens segment is
at the optical center of the segment.)

If there were no bifocal segment incorporated into a given pius
distance lens, as one's visual axis swept downward, objects would
appear to become more and more displaced downward — nothing
dramatic, but a gradual shift. {A comparable movement with a minus
lens would cause an upward object displacement.} However, when a
bifocal segment is present, as the visual axis sweeps across its upper
edge, there will be a sudden upward shift of any object being scruti-
nized. This shift is ‘‘image jump’’.
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Now look again at the last diagram. As the visual axis crosses the
top of the segment, the sudden introduction of base-down prism
makes object P; appear in the same straight-on direction as that occu-
pied by P.'. Thus, ail the real space between P, and P. is optically
collapsed — no object point located therein will be visible. This blind
area around the bifocal is identical to the “ring scotoma’” around any
plus lens; it is less noticeable here than in aphakia since the amount
of plus is less.

Image jump occurs with any bifocal that does not have its optical
center at the top of the segment; if this “"center” is at the top, there
will be no image jump. So, it is the locatian of the optical center of
the bifocal segment that causes the jump — not the influence ot the
distance correction at all. A corollary is that the further away from
the segment top the bifocal’s optical center is located, the greater the
jump induced for a given bifocal power. Thus. to reduce ‘‘image
jump’* for any patient, the clinician must choose a bifocal type that

has its center at or near the top of the segment.

Object Displacement

We studied this phenomenon when we examined how all tenses
produce prismatic effects which result in a greater apparent displace-
ment with lenses of high power. (I mentioned thal the patient’'s sen-
sory adaptation to the ‘‘new’ position of objects caused by new
spectacles is quite rapid, thank goodness.)

Bifocal segments can either exacerbate or reduce the apparent
object displacement caused by the distance lens in the reading area
of that fens. A plus corrective distance lens induces base-up prism
in the lower fields. This can be counterbalanced somewhat by a base-
down prism effect given by an appropriate bifocal segment with its
optical center down low. Remember, base-down effect would be pro-
duced by the segment between its upper edge and its optical center,
so the closer to the bottom of the segment the center is located (the
center can even be beyond the segment entirely!}, the greater the
hase-down effect created by this reading add.
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For a plus distance lens, such an arrangement as just described
can equalize the combined prismatic displacements, but only for one
specific area.

OC. OF BWFOCAL

In the above diagram with the pius distance lens, let us arbitrarily
say that point X (through which a patient may read) will have 32 of
Base-Up prism induced by the distance lens and 3% of Base-Down
prism induced by the segment. Above point X though. the B.U. effect
of the distance lens is reduced, but the B.D. effect by the segment is
increased, so overall there is a net B.D. displacement. Below X the
reverse is true and there will be a net B.U. displacement. The exact
position of this “null point, of course, will vary as different lenses
and different types of bifocals are considered.

CLINICAL POINT:

Neutralizing the prismatic effect near the chosen reading point
of a bifocal lens may be of great value to someone who occupation-
ally must spend much of his time at a desk (a lawyer. bookkeeper, or
draftsman, etc.). To such an individual, reduction of image displace-
ment may be a very important need, and he might gladly tolerate the
increased “‘image jump’’ at the bifocal top which is obligatorily pres-
ent in the above example. You should be able to see that attempting to
correct “‘object displacement’ for this patient (as for anyone who
wears a high plus lens} will only make matters worse as regards
“image jump’’. In contrast, to someone whose vocation requires a
constant heed to change from distance vision to near (with the visual
axis continually criss-crossing the upper bifocal edge), “'image jump”
elimination would be the more important consideration. A steeplejack
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would be more likely to require help for “"image jump”’ rather than for
“object displacement’’, and so would a waitress.

For any hyperopic presbyope, then, you cannot have the best of
tioth worlds. You'll have to choose which defect you want to reduce
since correcting one will worsen the other. The myope, however, is
‘golden in this regard. Since base-down prism is induced in the bifocal
area by the distance lens, a bifocal segment with the center near the
top would induce base-up prism to counter the base-down; in addition,
it would obtain the fringe benefit of reduced “image jump’* too!

Both "image jump’” and “object displacement” are made man-
ageable by manipulating the same bifocal variabie — the distance
from the top of the segment 1o its optical center, and so. depending
on what you wish to influence, you can choose segments with the cen-
ter near the top or near the bottom.

Induced Prism Difference

The third defect caused by the prismatic effect of corrective
lenses is the induced vertical prism difference at comparable reading
points on two spectacle lenses which are anisometropic {of unequal
refractive power). We saw such an example previously on p. 243.
Since this optica! problem may cause even more symptoms than the
others discussed above, we should be concerned with ways of elimi-
nating it, and fortunately there are a few ways to help reduce the in-

duced prism difference.

1) Use two different types of bifocal segments — one tor each
eye: segments with different positions of their optical centers would
vary their prism induction at the reading point desired; so, H you
choose the two properly, you can sometimes eliminate the anisome-
tropically-induced prism difference.

2) Actual compensating prisms could be ground into the seg-
ments, but this is not cosmeticaily acceptable to most patients. How-
ever, there is a feasible method available and it is occasionally used;
it is not really a “‘compensating prism bifocal” but fits more nearly
into this category. That method is called “'slab-off’ or ‘'bi-centric

275



grinding’’ in which a lens is ground so as to remove extra base-down
prism, usually from that spectacle iens of the pair which has more
minus power in its vertical meridian. In effect. then, "'slab-off’" grind-
ing “"adds’” base-up prism to help balance out any induced prism
difference in the reading position.

““Slab-Off"”’

| am asked so often how this "'slab-off"" grinding is accomplished
that, for those of you that are interested, this exposition is given
below. This is not a very important detail, however.

First, a definition: A lens ""blank’’ is a partly-finished lens having
either the front or the back surface curvature completely ground and
polished. (A lens “blank” which has a “‘fused’ bifocal segment em-
bedded on the front surface usvally has that face already finished.)
When an order comes to the optical shop to make a lens to a specific
prescription, a lens “blank’ is chosen which has the appropriate front
surface power and the proper add already incorporated; the additicnal
power may then be ground on the rear surface to provide the desired
overall power. It is just such a lens “‘blank’” with a fixed “base curve”
on the front surface that we use in the “'slab-off"’ method.

"SLAB-OFF" GRINDING
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On top of this lens “blank” another "‘cover” lens (of immaterial
refractive index) is cemented {A)} and the entire combination is placed
on a lens grinding machine; but, it is positioned off the original axis
of the lens blank, so that the grinding wheel will cut the upper part of
the lens first (B). The front surface of this combination is ground and
polished with the same curvature as that of the original blank so the
front surface power remains the same. This peculiar method of grind-
ing creates a new, second optical center which, in the diagrams, is
jocated below the old one,

After the lens is ground further (C and D) so as t0 reach the upper
edge of the bifocal. the remaining piece of cemented glass below
{covering the segment} is then knocked away, or “‘slabbed-off”, leav-
ing the eriginal lens with two identical curves on the front providing
the same surface power above and below. The line of intersection
between these two curves {or between any two identical spherical
curvatures) must necessarily be a straight line. Because of this, it is
more cosmetically acceptable to use a flat-top bifocal segment in the
clab-off'" method of grinding; the fiat top is aligned with the straight
intersection line on the front surface.

Now the lens is completed as any regular lens “'blank’” by grind-
ing away the back surface to yield the proper total corrective lens
prescription. The back surface is ground on the same “new’’ axis as
that on which the front surface was just ground. This removes the
back area of the lens as shown in diagram (D} and leaves the finished
lens {E}.

You should be able to see that the segment of glass ‘‘slabbed-off”
has a base-down prism appearance and, therefore, this method re-
moves base-down prism from the reading area, typically between
1144 to 63,

* - -

The need for the slab-off method of grinding {or, for that matter,
any of these methods of compensating for the differential prism in
the reading area) is only necessary for the presbyope, since the non-
presbyope can always look through the optical centers of his distance
jenses where there is no interference by any prismatic displacement
whatsoever. This last comment leads us to the third method for avoid-
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ing a troublesome prismatic displacement.

3} You could forget completely about using a bifocal at all and
revert to full, single-vision reading glasses (with the necessary plus
add power incorporated into the distance prescription}, Here you
entirely bypass the problem of any anisometropic prism difference
which may exist in the reading area of the lens.

ABERRATIONS

When the term ““first order optics” was introduced to describe
the level of mathematics we would need in order to show the action
of lenses on light rays, | elaborated on the necessary approximation,
sin @ = 6; | mentioned that for our purposes that was all the refine-
ment necessary to present the material in this book. | lied. There is a
bit more detail you should have, some of which would not exist were
it not for “'third order optics’’. (Have you forgotten this term already?)
This material need only be touched on, but must be included to round
out your basic understanding of some clinically useful information.
It deals with the aberrations of optical systems — the term abberra-
tion signifying that an optical system fails to produce an image which
is an accurate representation of an object.

Just as you might suspect, there is more than one type of aberra-
tion. Here we will discuss one which occurs because of the multi-
wavelength nature of light and others which exist even when dealing
with monochromatic tight. Aberrations can either deform the overali
image (such as distortion and curvature of the image plane), or de-
stroy the sharpness of each image point {such as, spherical aberration,
radial astigmatism and coma}.

Though fany special purpose optical systems are specifically
designed to eliminate certain of these aberrations. all optical sys-
tems*® possess these defects to a greater or lesser extent. For practical
purposes, | will consider the aberrations in two groups — those
mainly affecting the optics of the eye, and those most applicable to
corrective lenses.

* Mirrors, however, do not introduce chromatic aberration since the angle of re-
flection is equal to the angle of incidence for all wavelengths.
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Aberrations — With the EYE as an
Optical Instrument

Chromatic Aberration

When the term “‘refractive index’" was discussed, | stressed that
the decrease in the velocity of light which occurred when light en-
tered some medium was dependent not only on the medium itself
but also on the wavelength of the light. The fact that each wavelength
has its own, private refractive index number for each medium ac-
counts for chromatic dispersion by a prism. in passing through a prism
then, the blue {or short) wavelengths of light are always bent the
most, the redder (longer) ones, the least. (This was diagrammed in
the section on refractive index.)

As you should now know, lenses are “‘modified’” prisms. In reality
we shauld think of a “lens’” as a stack of prisms of gradually changing
prism power as we leave the axis. {In the figure below, such a “stack”

comprises a pius lens.}
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However, for schematic purposes, let's neglect the “changing prism"’
power aspect and depict a lens cross-section as consisting of only
two straight prisms; a plus lens is represented by two prisms with
their bases in contact — a minus lens, with the two apices touching.
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