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COMMONWEALTH OF AUSTRALIA 

PATENTS ACT 1952

DECLARATION IN SUPPORT GF A CONVENTION APPLICATION FOR A PATENT

In support of the Convention Application made for a patent for an invention 
entitled:

Method of Measuring the Power of a Lens

lAWe-, ........ RANTKU P.·. PJIi*....................................................................
[full name of declarant(s)]

of ................................................................................................................................................
[full address of declarant(s) - not post office box]

........... Ore .LihQQlh .First; .Square,. .Roctiestiei?,. New York 1460.4,. USA..........................

do solemnly and sincerely declare as follows:-

1. I amAHe-aw authorised by Bausch & Lomb Bermuda Technology Ltd, the 
applicant for the patent to make this declaration on its behalf.

2. The basic application as defined by Section 141 of the Act was made in 
Ireland on 25 October 1988 by The Provost, Fellows and Scholars of the 
College of The Holy and Undivided Trinity of Queen Elizabeth near Dublin 
and John Hegarty.

3. John Hegarty, of 22 Upper Leesen Street, Dublin 4, Ireland is the actual 
inventor of the invention and the facts upon which the applicant is 
entitled to make the application are as follows:

John Hegarty assigned a part interest in the invention to The Provost 
Fellows and Scholars of the College of The Holy and Undivided Trinity of 
Queen Elizabeth near Dublin, on this basis John Hegarty and The Provost 
Fellows and Scholars of the College of The Holy and Undivided Trinity of 
Queen Elizabeth near Dublin duly made the basic application and assigned 
all their rights insofar as Australia is concerned to Bausch & Lomb 
Bermuda Technology Ltd.

4. The Dasic application referred to in paragraph 2 of this Declaration was 
the first application made in a Convention country in respect of the 
invention the subject of the application.

DECLARED at Rochester, New this 16th day of November 19 39.
York, USA

TO: THE COMMISSIONER OF PATENTS
AUSTRALIA

JED/2619D

Auic/ ....
Signature of Declarant 

DANIEL E. GILL 
PRESIDENT
RAUSCH & LOMB BERMUDA TECHNOLOGY LTD.
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(57) Claim

1. A method of measuring the power of a lens, comprising 

the following steps'·

(a) . providing a collimated beam of light,

(b) . sampling the beam with an upto-electronic transducer

to produce an output signal representing the intensity of

1 ight across the width of the beam,

(c) . converting the transducer output signal to digital

form and loading the resulting digital signal into a 

cofnputer memory,

Cd). i nsert i ng a lens into the path of the beam,

and . < c ) w i th 

separation di 

and

(e). repeating steps Cb) 

inserted for at least one 

lens and the transducer,

the 1ens thus 

stance between the

(f). calculating the power of the lens from the digital 

signals stored in the computer memory.
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METHOD OF MEASURING THE POWER OF A LENS

• · ·
• ·

This invention relates to a method of measuring the power of 

a lens, for example a contact lens.

According to the present invention, there is provided a 

method of measuring the power of a lens, comprising the 

f ollowing steps :

(a) . providing a col 1 imated beam of 1 i ght,

(b) , sampling the beam with an opto-el ectron i c transducer 

to produce an output signal representing the intensity of

1 i ght across the width of the beam,

(c) . converting the transducer output signal to digital 

form and loading the resulting digital signal into a 

computer memory,

(d) . inserting a Tens into the path of the beam,

<e>. repeating steps <b) and <c) with the lens thus 

inserted for at least one separation distance between the 

lens and the transducer, and

(f). calculating the power of the lens from the digital 

signals stored in the computer memory.

Preferably, step <e> is repeated for a plurality of

different separation distances between the lens and the 

transducer.

The opto-e1ectronic transducer may comprise a linear array 

of photodetectors.

I
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Embodiments of the invention will now be described, by way 

of example, with reference to the accompanying drawings, in 

wh i ch

Figure 1 is a schematic diagram of an apparatus for carrying 

out a method according to the invention with the lens­

carrying table in an initial position,

Figure 2 shows the apparatus of figure 1 with the lens­

carrying table in a subsequent position,

Figures 3A and 3B are plots of intensity against beam width 

both with and without the lens in the beam path,

Figures 4A and 4B show alternative collimated light sources 

for the apparatus,

Figure 5 is a flow diagram of a first computer program for 

calculating the lens power, and

Figure 6 is a flow diagram of a second computer program for 

calculating the lens power.

Referring first to figure 1, an X-Y table 10 is mounted for 

controllable movement In a horizontal plane a known distance 

Li typically about 10cm, above an opto-e1ectronic transducer 

; r. the form of a linear array 11 of photodiodes. The ar'ray 

11 may be a 512 element G Series Sol id State Line Scanner as 

marketed by EG&G Reticon of Sunnyvale, California, USA.

This comprises 512 individual photodetectors each 25um in 

size and 25um apart.

A vertical beaf:i 12 of col 1 i mated 1 i ght of circular

cross—section is produced by a source 13 which may be an 

He-Ne (helium-neon) laser. The collimated beam 12 is a few
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millimeters in diameter (width). The X-Y table 10 has an 

aperture 14 therein, and the table is initially positioned 

as shown in figure 1 so that the beam 12 passes without 

obstruction through the aperture 14 to fall on the array 11. 

The array 11 is positioned to lie precisely on the diameter 

of the beam 12.

The X-Y table 10 has a further aperture 15 which supports a 

contact lens 16 whose power is to be measured, and the table 

may be moved to insert the lens 16 into the path of the beam 

12. For a divergent lens the effect is shown schematically 

at f i gure 2, in which it will be seen that the diameter of 

the beam 12 is greater at the array 11. "

As will be described more fully, the purpose of the

apparatus is to measure the diameter of the beam 12 both 

with and without the lens 16 insertecj in its path, and to 

calculate in a mi crocomputer 17 the power of the lens 16.

For a divergent lens 16 the power is given by:

P = 1 /L( 1 - W/w ) ...( equ . 1 )

where!

p - power of lens 16 in diopters,

L = spacing between table 10 and array 11, 

κ = diameter of beam 12 without lens 16 inserted, and 

W = diameter of beam 12 at array 11 with lens 16

inserted.

For a convergent lens where L < focal length the power is 

given by!

P 1 ZL(1 + W/w) < equ.2 )
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As is conventional, since the He-Ne beam 12 has a Gaussian 

intensity distribution, the diameters and W of the beam 

are taken as the distance between the ha 1f-amp1 itude points.

For example, figures 3A and 3B are typical plots of

intensity against beam diameter both with and without the 

lens in the beam path respectively. In figure 3A the 

diameter w of the undiverged col 1 imated beam is 2.671mm, and 

in figure 3B the diameter W of the divergent beam at the 
array is 3.627mm.

Returning to figure 1, each individual photodetector in the 

linear array 11 samples the light falling on it and stores 

an electrical charge whose magnitude is substantially 

proportional to the intensity of the light at that point.

Upon the occurrence of a START signal suppli ed by the

microcomputer 17, these stored charges are read out in 
succession under the control of and in synchronism with 

CLOCK signals, derived by division of the basic

microcomputer clock in a divider 18. The output signal from 

the array 11, which is a succession of analog values 

representing the intensity of the light across the diameter 

o f the beam 12, is amp 1 i f i ed in an amp iifier 19, and then 

each analog value is analog-to-digitai converted in an A/D 

converter 20 also controlled by the CLOCK signals.

The resulting digital signal, which consists of a succession 

of individual digital values corresponding to the original 

analog values, is loaded into the memory of the computer 17.

It will be appreciated that the details of the interface 

c i rcu i try , compr i s i ng the d i v i der 18, amp iifier 19 and A/D 

converter 20, located between the computer 17 and the array 

11 will depend upon the make and model of computer, and that 

the foregoing is not intended to be a complete description
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skill ed i n the art
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However, the functions described are 

and well within the competence of one

Although the i ight source 13 has been described as an He-Ne 

laser, which automatically produces collimated light, a GaAs 

semiconductor laser 21 , figure 4A, can be used provided a 

1 en.n 22 is used to coll i mate the 1 i ght. Even a white 1 i ght 

source -from a bulb 23, figure 4B, can be used. In this case 

the 1 ight from the lens 23 is coupled v i a a lens 24 into one 

end of an optical fibre 25 to give a well-defined spot 

emerging from the other end which can then be collimated by 

a second lens 26.

• · ·• · «• · ·

• · · ·
• · · ·

• · · ·• · ·• · ·
• · ·• 0 ·• 0 ·

• · · ·
» I• · · ·

• · ·• · « • · · ·

The GaAs 1 i ght has a Gaussian distribution 1 ike the He-Ne 
2

laser 1 ight, whereas the white 1ight has a cos

distribution. In either case, the diameter or width of the 

beam is taken between the half-ampl itude points.

Figure 5 is a flow diagram of a computer program, loaded in 

the computer 17, for performing the method according to the 

invention in conjunction with the apparatus of figures 1 and 

2 (it will be appreciated that the computer 17 and interface 

components 18 to 20 have been omitted from figure 2 for 

s i mp1 i c i ty ).

The method starts with the apparatus io the initial position 

of figure 1, i.e. with the collimated beam 12 passing 

through the aperture 14 and falling unobstructed onto the 

array 1 1 .

When the program is invoked, the first step 31 is to set a 

loop count to zero. Next, the computer is instructed to 

generate a START signal , step 32, in response to which the 

array 11 is read and the resulting data loaded into the

1
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computer memory, step 33, after amplification and A/D 

conversion as previously described.

Next, a curve fitting technique is used, step 34, which fits 
2the best Gaussian or cos curve (according to the type of 

source 13) to the individual digital values read into the 

computer memory in step 33. Such curve-fitting techniques 

are well known in computer programming. This; is followed at 

step 35 by calculating the diameter jn of the collimated beam 

from the half-amplitude points, which is also a well-known 

technique, and storing the diameter so calculated, step 36.

Next, the program tests for a loop count = 0, step 37.

Since this is the first time around the loop the answer is 

YES, so the program waits (step 38) until the lens 16 is 

inserted into the beam 12.

The lens 16 is moved into the path of the beam 12 by moving 

the X-Y table 10. The position is shown in figure 2. When 

the lens is in position this is indicated to the program by 

a pre-defined input on, e.g. the computer keyboard (not 

shown). It is to be understood, however, that the computer 

program could itself control the table 10 to bring the lens 

16 into place in the beam 12.

Now the loop count is incremented by' 1 (step 39), whereupon 

steps 32 to 36 are repeated for the lens in place between 

the source 13 and the array 11 (figure 2). This time the 

diameter stored at step 36 is ϋ, the diameter of the 

divergent beam at the array 11.

This time round the answer to the test at step 37 is NO, so 

at step 40 the power of the lens 16 is calculated according 

to equation 1 above, it being assumed that the value for J_, 

the table/array spacing, has already been measured and 

entered.

X
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Finally, the calculated power is displayed, step 41. This 

can either be a print out and/or a VDU display.

Naturally, in the case of a convergent lens 16, equation 2 

above would be used in the calculation at step 40, instead 

o f equat icn 1. In either case, the programmi ng techn i ques 

are s i mp1e.

An alternative method according to the invention involves 

successively incrementing the distance i. between the lens 16 

and the array 11 while these elements are in the position of 

figure 2.

For an incremental change dL in L leading to an incremental 

change dW in W, one may write equation 1 as:

···
 «·· • · ft• ·

• ft ft ft
« ft ft

• e * ·
» · « 
•· «
* · ·

» « «
• ft »

• · ft ·
I <• · ft ft

P = C1/(L + dL)3L1 - <W + dW)/w3 . . . < equ. 3 )

By plotting C1 - W/w)3 against dL for various values of dL, 

one obtains a straight line graph whose slope is the power

P.

Figure 6 shows a flow diagram of a program which will

implement this technique. In figure 6, the same reference 

numerals have been used for steps which are the same as that 

shown in figure 5. The additional steps are decision steps 

60 and 61, and a wait step 62.

On the first time round the loop the computer calculates and 

stores the unobstructed collimated beam diameter w, and on 

the second time round the computer calculates and stores the 

divergent diameter W. This is as before.

However, by inspection it will be seen that step 60 forces 

<N - 1 ) further iterations round the loop, and that prior to
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the third and successive iterations step 61 forces the 

program to wait for a signal that the array 11 has been 

moved, step 62.

This refers to movement of the array 11 in a vertical 

direction by a pre-determined fixed amount, whereby the 

lens/array separat i on J. is incremented for each of the 

(N - 1 ) iterations around the loop after the second.

This incremental movement, which corresponds to increasing 

values of dL in equation 3, may be effected manually by 

mounting the array 1 1 on a vertically movable table (not 

shown) and signalling to the computer program each time that 

the array has been moved by entering a pre-determined 

keyboard input. However, the array may be moved under 

computer control .

Thus, the program will loop N + 1 times until the loop count 

equals N, whereupon the power will be calculted in step 40. 

In this case the calculation will be according to equation 

3, i.e. the computer will calculate the slope of (1 - W/w) 

against dL. The advantage of this technique is that it is 

unnecessary to know L.

If desired the change in vertical separation between the 

!;r,; 1C and the array 11 could be achieved by moving the 

table 10 rather than the array 11. Thus the table 10 could 

be designed as an X-Y-2 table.

Variations and enhancements of the foregoing are possible. 

For example, the technique can be readily incorporated into 

an automated inspection line.

In such case the table 10 would hold a large number of 

lenses to be measured, and these would be automatically and 

successively brought into the path of the beam after the

B



< I

• ·• ·• · · ·
• to to ·• to ·to to

·· · ·
• · · ·

• · · to• · ·• · ·
• · ·• · ·• · ·

to to to ·
I I• · · ·

• · ·• · ·• · · ·
• · ·• · to• to ·

9

initial measurment for the unobstructed beam width w had 

been made. The mod i f i cat i on to the flow diagrams to achieve 

this would be simple.

Further, instead of using a linear array 11 for the 

opto-e1ectronic transducer one could use a two-dimensional 

array. This would obviate the need to manually locate the 

array 11 precisely on the beam diameter, since toy using a 

two-dimensional array the beam diameter could be

automatically determined by taking the greatest beam 

dimension detected by all the rows of photodetectors in 

the array.

In other words, steps 34 and 35 of the flow diagrams would 

be performed separately for the data obtained from each row 

of the two-dimensional array, and the true diameter stored 

in step 36 would be the 1 argest f i gurje for diameter

obta i ned.

It will be appreciated that the beam of light does not 
necessarily have to be circular in cross-section and may 

be of any other suitable cross-sectional shape, for example 

oval or rectangular shape.

The invention is not limited to the embodiments described 

nerein which may be modified or varied without departing 

from the scope of the invention.



ί ο

The claims defining the invention are as follows:

1 . A method of measuring the power of a lens, comprising 

the following steps:

(a) . providing a collimated beam of li ght,

(b) . sampling the beam with an opto-e1ectronic transducer 

to produce an output signal representing the intensity of

1 i ght across width of the beam,

Cc). con -Afting the transducer output signal to digital 

form and loading the resulting digital signal into a 

computer memory,

Cd). inserting a lens into the path of the beam,

(e). repeating steps <b) and (c) with the lens thus 

inserted for at least one separation distance between the 

lens and the transducer, and

Cf). calculating the power of the lens from the digital 

signals stored in the computer memory,

2. A method according to claim 1{ wherein step (e) is

rfor a plurality of different separation distances 

between the lens and the transducer.

3. A method according to claim 1 or 2, wherein the 

opto-e1ectronic transducer comprises a 1 inear array of

detectors .

DATED this TWENTY-THIRD day of OCTOBER 1989 
Bausch & Lomb Bermuda Technology Ltd

Patent Attorneys for the Applicant 
SPRUSON & FERGUSON
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