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The use of a laser shear interferometer for checking the collimation condition within a lensmeter is pro-
posed. The interferometer consist of a wedged glass plate which produces a shear along the orthogonal
direction to the wedge; when the fringes at the center of the pattern are parallel to the shear, the collima-

tion condition is attained. The feasibility of the proposal for measuring the vertex power is experimentally
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shown and the accuracy of the method is under 5% of the measured value being an improvement to the
commercial instruments based on the focusing of a reticule.

© 2011 Elsevier GmbH. All rights reserved.

1. Introduction

The traditional lensmeter [1,2] is an elegant instrument, effi-
cient, and simple to use. For this instrument the Newton’s equation
for lenses [3,4] are applied; hence the front and back focal points
of the lens are used as reference planes for the measurements
of the distances of an object and its image from such focal
points.

Fig. 1 shows a scheme of the classical instrument, where the
graticule is located at the front focal point, F;, illuminated with
a collimated beam, first without the ophthalmic lens (OL); then
lens Ly, is fixed at the back focal point, F;, and the graticule is
focused by eye. When the lens OL is located at the point F;, the
graticule is observed out of focus; but shifting the lens L by a
distance +x, depending of the lenses under test, the reticule can
be brought to focus by the observer. By means of the Newton’s
equation:

XX =—f2, (1)

from the previous knowledge of f- and measuring x, the
value of the focal length fy=x', of the lens OL, can be
obtained.

In next sections we propose, that instead of the classical method,
where a reticle is used in the lensmeter, an interferometric tech-
nique can be applied, keeping the same theory and efficiency in the
measurements of the focal distances of the OL.
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2. Lateral shearing interferometer

In areview of the methods for measuring long curvature radii of
optical surfaces, several techniques are found in the literature. Most
of the techniques applied collimated [5-7], and few of them uncol-
limated beams [8,9]. In particular, in the paper by Xiang [7], a Fizeau
interferometer is used combined with same Newton’s equation for
lenses; where the focal points are used as reference positions for
doing measurements. Given the similarity of the Xiang’s method
with the principles applied in the classical lensmeter, the idea of
using an interferometric method instead of the graticule was ana-
lyzed. Even some measurements of the focal length of ophthalmic
lenses were done by means of Xiang’s scheme; the system, how-
ever, has several drawbacks in its application.

Given the compact system of the lensmeter, several interfer-
ometric techniques were studied [10,12]; trying to find out one
that can be used, properly, for measuring the focal distance of
ophthalmic lenses, OL. As a result, the use of the lateral shearing
interferometer developed by Murty [11] was selected. In Fig. 2
we show the proposed scheme of the experimental set up for
measuring the focal length of the ophthalmic lenses. The main
components of the arrangement are: a laser light source, pro-
ducing a point source at F}; the reference lens, L, and the quasi
plane-parallel plate (PPP) for the observation of the shearing inter-
ferograms. As in the classical lensmeter, in the interferometric
scheme, the laser point source and the ophthalmic lens are posi-
tioned at the focal points F; and F;, of the reference collimating
lens, L.

In order to do the measurements, a reference interferogram,
with a collimated beam, is obtained with fringes along the hor-
izontal direction; this interferogram is observed without the
ophthalmic lens. Since the lateral shear interferometer, consist of


dx.doi.org/10.1016/j.ijleo.2011.07.069
http://www.sciencedirect.com/science/journal/00304026
http://www.elsevier.de/ijleo
mailto:fermin@inaoep.mx
dx.doi.org/10.1016/j.ijleo.2011.07.069

1426 F.-S. Granados-Agustin et al. / Optik 123 (2012) 1425-1428

|
S i\'\ J ob
‘ A

| - |
7l (——
- 5

Ocular

Numination | |
system

Reference
lens. X

Opthalmic lens
OL(fy

Graticule

Fig. 1. Scheme of the classical lensmeter instrument.

a wedge glass plate, the shear is produced along the orthogonal
direction of the wedge; hence when the fringes at the center of
the pattern are parallel to the wedge, the collimation condition is
obtained [13-15]. This condition for the interference fringes is the
clue for its use in the proposal of this paper.

Later on, the ophthalmic lens is positioned at the F; position, and
as a consequence the reference interferogram has changed with the
fringes rotated with respect to the original direction. For recovering
the initial interferogram with the collimated beam illuminating the
quasi PPP; the reference lens L, must be shifted by a distance +x,
depending on whether the lens under measurement is positive or
negative. Hence, once the shifted distance x of the reference lens is
measured, and the reference interferogram is registered again; the
focal length of the ophthalmic lens can be obtained as x’=f, from
Eq. (1), since the focal length f; of the reference lens is known in
advance.

With the idea of developing a compact and efficient system for
the measurement of the focal length of OL, similar to the classical
lensmeter; for the interferometric scheme analyzed, an important
parameter is the focal length of the reference lens L,. Therefore,
considering a range between 0.5 and 8 diopters for the ophthalmic
lenses that means that the focal lengths of the OL are within a range
from 2000 to 125 mm. In Fig. 3, are shown the shifts x, for different
values of the power of the lens; the inverse of the focal distance
1/fx in diopters; taking the values of f; as 30 and 50 mm. As a con-
clusion, the value of f; must be of few millimeters, in order to have
acceptable values for the distance shifts of x.

The plane parallel plate, producing the shearing of the wave-
fronts for the interferograms, has a small angle between its faces,
such that an adequate number of fringes can be observed in the
interferogram, and to avoid some reflections. In our experiment
we use a plate with thickness of 10 mm, with an angle of 40/arc
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Fig. 2. The proposed scheme of the experimental set up using a lateral shearing
interferometer.
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Fig. 3. The shift, x, of reference lens versus the power of the ophthalmic lens, 1/f;,
for two values of the reference lens Fr, 50 and 30 mm.

seconds. The position of the PPP is such that the wedge is oriented
perpendicular to the shear of the pupil; therefore the interference
fringes are horizontal.

3. Experimental results

In Fig. 4 is shown the laboratory experimental set up. A He-Ne
laser was used, with spatial filter to produce the point source
located at the front focus of L.. The lens L, with a focal length
of 50 mm, was located on a carrier with longitudinal and lateral
motions. The interferograms observed, were registered with a CCD
camera, connected with a PC, where the reference interferogram is
stored.

As can be seen in the experimental interferograms the fringes
are different for each lens with different values of its focal length.
Even that the lenses can have some aberrations, as are analyzed in
the paper by Wyant and Smith [16]; in our proposal we use only
the horizontal fringes at the center of the interference pattern as
the reference for the collimation of the beam, with the ophthalmic
lens in position for the vertex power measurement.

For the experiment, three commercial ophthalmic lenses with
values of 0.5, 2.25 and 6.00 diopters were measured. In Fig. 5 are
shown ten numerical values measured for each lens, and besides are
the interferograms observed for each one of the measurements. The
average measurements values for each ophthalmic lens are 0.53,
2.17 and 6.08; and the errors in our measurements are less than 5%,
and they decrease for bigger diopter values, see lower row of Fig. 5.
The errors for commercial lensmeters [17-19] corresponding to the
values of our commercial lenses are 12, 2.5 and 2%, respectively.
Therefore, our errors are less for the smaller and bigger values, in
diopters, of the ophthalmic lens.

Fig. 4. Laboratory experimental set up: (a) laser, (b) spatial filter, (c) ophthalmic
lens, (d) collimating and reference lens, (e) shearing plate, (f) CCD camera.
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Fig. 5. Interferograms for 10 measurements for three different ophthalmic lenses with commercial values of 0.5, 2.25, and 6.0 dioptre.

4. Conclusions

Given the results obtained in the experiment using interfero-
grams for measuring the diopters of the ophthalmic lenses; seems
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to be feasible to use a lateral shearing interferometer, combined
with a chosen proper value of the focal length of the reference lens,
L. Of course, in the case of commercial application, it is necessary
to optimize the mechanical mounts, as well as the optical parts of
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the interferometer. On the other hand, the main characteristics of
the classical lensmeter are preserved in a satisfactory way in the
experimental scheme presented in the paper.
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