A VARIABLE MAGNIFICATION

Abstract

A variable magnification trial lens
holder is described. The unit is de-
signed primarily for producing small
order overall and meridional magni-
fication for diagnosing and measur-
ing aniseikonia. However, the unit
can be used alternatively as a trial
device in low vision.

Nearly all procedures for diagnos-
ing and measuring aniseikonia uti-
lize afocal magnification lenses (1).
In the relatively sophisticated space
eikonometer (2), they are part of the
design; however, auxiliary size
lenses are often required. In the sim-
pler procedures for assessing
aniseikonia used most often today,
series of afocal magnifiers are usu-
ally needed. This paper describes a
simple devise that will hold a pair of
standard trial lenses so that an over-
all or meridional magnification is
produced. The unit can be used as
an auxiliary magnifier, or it can re-
place an entire series of size lenses.

A typical example of the simpler
methods for assessing aniseikonia is
the Maddox rod technique first in-
troduced by Brecher (3). In princi-
ple, this method consists in dis-
sociating a double target by means
of a Maddox rod held before one
eye. The distances between the two
targets as perceived by each eye can
then be compared. Afocal magni-
fiers are used to neutralize any dif-
ference between these distances and
thus provide a measure of the
aniseikonia along a particular me-
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ridian. Many of the present day
techniques are variations of this
method. Other methods depend on
the stereoscopic observation of a tilt-
ing board (4) or a similar target.
Again, size lenses are applied so that
the tilt of the target is neutralized.
Thus, afocal magnifiers are a com-
mon requirement of nearly all meth-
ods of measuring aniseikonia.

However, afocal magnification
lenses are not always readily avail-
able. Whereas some prescription lab-
oratories will manufacture size lenses
to order, others appear rather reluc-
tant to do so. Furthermore, the deliv-
ery period tends to be relatively long.
It is therefore useful to have alterna-
tive methods of producing small
order magnifications.

One alternative method is to place
positive and negative trial lenses of
equal denomination in the front and
back cells of a trial frame. If the
minus lens is placed in the cell closer
to the eye, the combination will rep-
resent a Galilean telescope of low
magnification power. However, this
procedure is rather awkward if the
trial frame must also hold the pa-
tient’s correction lenses. Further-
more, since the distance between the
cells cannot be controlled, the magni-
fication can be changed only by vary-
ing the power of the pair of lenses.

A more flexible device for controll-
ing the magnification trial lens hold-
er can be made to order in most
machine shops. A metal rod, milled
flat on one side, is the carrier for two
moveable lens holders, each of which
is supplied with a spring clip. The
dimensions of the holders are ma-
chined to fit standard trial lenses. The
distance between the lenses can be

varied from a minimum of about 5
mm, depending on the type of con-
struction, to the full length of the rod.
The lens holders can be fixed in posi-
tion with thumb screws. The rings
holding the spring clips are supplied
with degree divisions so that cylindri-
cal lenses can be rotated to the appro-
priate axis. The model shown is hand
held, but it can be supplied with
clamps for attachment to a trial
frame.

If a minus lens and a plus lens are
placed in the device with the minus
lens closer to the eye, we have a sys-
tem whose magnification power var-
ies with the distance between the
lenses. If the two lenses are of equal
numerical denomination, the system
will be nearly afocal if the lens inter-
distance is not too great. A rough
estimate of the magnification in per-
cent can then be obtained by multi-
plying the power of the plus lens by
the interdistance measured in cen-
timetres. Thus for a +4.00 D lens
and a —4.00 D lens placed 1 cm
apart, the magnification is approx-
imately 4%.

An exact value for the magnifica-
tion can be obtained by applying the

‘well known exact formula,

4 1 1
<3 ( 1—kV) (1—CF1) i

where k is the vertex distance, V is
the vertex power, c is the reduced
thickness, and F, is the front surface
power, when a single lens is consi-
dered. In our example, c is simply
the interdistance between the
lenses, and F, is the power of the lens
farthest from the eye. In our exam-
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ple, if it is assumed that the lens
interdistance is 10 mm, the vertex
power at the plane of the minus lens
is

e Yy
1-0.01( +4.00)

= + 0.16666 D.

Assuming that the vertex distance
measured from the minus lens is 15
mm, we have for the exact
magnification:
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( 1-0.015(0.16667) ) ( 1-0.01(+4.00) )
= (1.00250) (1.04166) = 1.04427, or 4.43%.

Itis seen that the contribution by the
back vertex power of the system is
relatively small. For routine clinical
procedures it is seldom necessary to
calculate the exact magnification;
the approximation described above
is sufficiently accurate in nearly all
cases. For minification, the positions
of the plus and minus lenses in the
holder can be reversed.

In the above, we have demon-
strated the small change in vertex
power produced by the separation of
the lenses. The blur generated by
this slight change is insignificant and
would not interfere with most tests
for aniseikonia. A change in vertex
power of up to 0.25 D would be ac-
ceptable in the majority of cases for
this purpose. Since it is convenient
to vary the lens separation without
having to change lens powers, it is
useful to know at which separation a
back vertex power of 0.25 D is gener-
ated. Fig. 2 shows the change in ver-
tex power with lens interdistance for
pairs of lenses of numerically equal
denominations, such as in the above
example. Graphs for lens denomina-
tions of 1.00, 2.00, 3.00, 4.00, and
5.00 D have been plotted by apply-
ing the factor in the exact formula
that describes the effect of the lens
separation (i.e., the “shape factor”)
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Fig. 1 Variable magnification unit for trial lenses.
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Fig. 2 Relationship between change in back vertex power of the magnification unit and
the lens separation for lens powers of 1.00, 2.00, 3.00, 4.00, and 5.00 D. Percent
magnifications associated with a back vertex power of + 0.25 D are shown for each power
except 1.00 D.
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(5). Because the back vertex dis-
tance is different in individual cases,
the relatively small amount of mag-
nification generated by the back ver-
tex power (i.e., by the “power
factor”) has not been included. The
percent magnification value shown
next to each graph, except that rep-
resenting 1.00 D, represents the
effect of the lens separation that pro-
duces a back vertex power change of
0.25 D. Had the magnification pro-
duced by the back vertex power
been included, the values would
have been slightly higher.

From the family of curves pre-
sented, it is seen that the combina-
tions consisting of the lowest powers
yield the greatest amount of magni-
fication before the 0.25 D limit is

reached. On the other hand, the low
power lenses need a relatively
greater interdistance to produce the
same amount of magnification,
which is technically awkward. The
ideal lens power for the present pur-
pose would appear to lie between
the extreme values shown; thus a
combination of a +3.00 D lens and a
—3.00 D lens would appear most
suitable.

The device was originally de-
signed for simple aniseikonia tests of
the type referred to in the introduc-
tion, and for the demonstration of
space distortions. However, it can
obviously be turned into a variable
loupe or telescope for subnormal vi-
sion testing. For these higher magni-
fication powers, the negative trial

lens would, of course, have to be of
much higher denomination than the
plus lens.
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