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A Simplified Method of Measuring the Marginal 

Powers of Spectacle Lenses 1 

Francis E. Washer 

A device is described that permits the measurement of marginal m eridional power of 
spec tacle lenses on a standard commercially available ver tex power measuring instrument. 
The device consists of a hemispherical mounting surface a nd a variable prism which when 
mounted on a standard instrument permits the m easurement of meridional power with re
spect to the vertex sphere in the extra-axial region s. It is used primarily to m easure the 
meridional powers in the region of t he lens normally u sed at a view in g angle of 30° from the 
axis. Some measurements on typical lenses are reported . 

1. Introduction 

In the course of an. in.vestigation of the properties 
of "corrected curve" spcctacle lenses with the aim 
of preparing performance specifications for use by 
the Veterans' Administration, it became evident that 
new test methods were necessary in order to measure 
the power of spectacle lense in the extra-axial region. 
In another paper,2 a new instrument ,vas described 
that is capable of making all of the necessary meas
urements. This new instrument is essentially an 
absolute instrument and is somewhat too complex 
to be well suited to general usc. 

A method has therefore been developed whereby 
standard vertex power measuring ill.struments of the 
type ordin.ariJy fo und in optici}tns' laboratories can 
be modified to permit the m.easuremen.t of the degree 
of marginal correction of spectacle lenses. Th e 
modifications consil"t of a few parts that can readily 
be attacbed to the usual type of in trument such as 
the "V ertometer", "Lensometer", or similar in.stru
ments used in measuring vertex power of spectacle 
lenses . 

Comparison of measurements of marginal power 
made on a number of spectacle len.ses (1) usir.g such 
a modified instrument and (2) using the spectacle 
tester, shows close agreement. vYl1ile not as versatile 
as the spectacle tester, a modified lense measuring 
instrument can be used for the rapid ch ecking of 
lenses for a selected extra-axial region. It will 
generally be more practical for many workers to 
employ such a modification on a n existing instrument 
than attempt to make a device like the precision 
spectacle tester. 

The devices described in the present paper were 
designed for use on a vertometer belonging to this 
laboratory. It must be emphasized that the same 
modification can be used on a lensometer or similar 
commercially available type of instrument. It is 
probable that sligh t changes may be necessary de
pending upon the type of instrument, but the funda
mental principles will remain th e same. 

I This work was perrormed in connection with a research project sponsored by 
Veterans' Administration . 

2 F. E . Washer, J. Opt. Soc. Am. (in press). 
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2. Theory 

In prescribin.g spectacle lenses, it is customary to 
specify the lenses in term of spherical and cylindrical 
power as measured on th e optical axis. It is pre
sumed that this pre cribed power represents the best 
estimate of the correction required by the potential 
user. In looking through the spectacle len only a 
relativcly small area is used at a time and the degree 
of correction afforded when looking through the axial 
area is as prescribed . It is of intere t to know if this 
same degree of correction prevails as th e eye rolls and 
extra-axial areas arc brought into use. The problem 
is not simple. Viewing conditions for the rolling eye 
differ markedly from those that prevail for the 
stationary eye looking through the axial region of the 
lens . Th e distance sepa,ratin.g the rear surface of the 
spectacle lens and front surface of the cornea changes 
continuously as the eye rolls with the separation 
usually being a minimum in the axial region. In 
addition , the ligh t incident on the front surface of the 
lens is subjected to rdracting conditions which differ 
with the angular separation of th e used area from 
the axial area of the lens. 

Th ese difficulties can be circumvented by making 
all refracting power measurement with respect to the 
vortex sphere . The vertex sphere h as its center at 
the center of rotation of the eye and its surface is 
tangent to the rea.r surface of the spectacle lens at 
the point of intersection of the optical axis of the 
spectacle lens and its rear surface. The radius of the 
vertex sphere is 27.0 mm. By referring all measure
ments to the vertex sphere, comparisons can be 
readily made between refractin.g power at any speci
fied extra-axial region and that at the optical axis. 

In attempting to measure the refractive powers of 
a spectacle lens in the marginal regions as well as in 
the axial region, considerable confu sion results in the 
use of the terms "spherical" and "cylindrical" power. 
In this paper, therefore, principal emphasis is placed 
upon the "meridional power". Figure 1 shows the 
region of the lens for which th e values of the re
fractive powers are determined. The task of com
paring marginal and axial power is simplified by re
garding the several regions of th e lens under test as 
separate lenses, designated 0 , A, and B in figure 2. 
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FIGURE 1. Schematic diagram showing the regions of p1'incipal 
i nterest and the vertex sphe7·e. 

The optic axis is indicated at O. 'l'he marginal powcr with rcspect to the 
vertex sphere is measured at points A and B . 
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F IGURE 2. Schematic diagram showing the actual 
regions whe1'e meaSU1'ements are made. 

Each small area of the spectacle lens is t reated as a scparatc 
lens and comparisons arc made of the respective powers. The 
meridional axes of the various areas are as indicated. 

The various meridians are also indicated in the 
figure. 

2 .1. Definitions 

For convenience, the definit ions of all symbols 
used in describing the various powers and their 
interrelations are collected into this section. This 
system specifying the powers in various areas is 
patterned to some extent after the system devised 
by Whitwell and referred to by Emsley and Swaine.3 

Vp = One of the principal m eridional p owers. It is 
given by the sum of the prescribed spherical and 
prescribed cylindrical power. It is the maximum 
meridional power when the prescribed powers are 
positive. 

H p = The second principal m eridional power. It i 
usually the sam e as the spherical power. It is the 
minimum meridional p ower when the prescribed 
powers are positive. 

Cp = Prescribed cylindrical power. It is t he difference 
between the principal m eridio nal powers and is 
given by the relation Cp= Vp - H p. 

3 H . H. Emsley and Wm. Swaine, Ophthalmic Lenses, 6th ed. (Hatton Press 
Ltd. , London, 1951) . 
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Vo = M easured value of one of t he m eridional powers at 
the optical center of the lens. It is the measured 
p ower for vertical lines. 

Ho= Measured value of the second m erid ional power at 
the optical center of the le ns . It is the m easured 
power for horizontal lines. (In the absence of 
cylindrical power, Vo = Ho. ) 

Co= The m eas ured cylindrical power at the optical center 
of the lens. It is obtained from the r elation, 
Co = Vo - Ho. 

V A, VB = The measured marginal powers at points A and B 
in the same meridian as Vo or parallel to the 
meridian of Vo . These are the m easured marginal 
pO\\'ers for vertical lines . 

H A, HB = The meas ured marginal powers at points A and B 
in the same m eridian as I-Io or parallel to the 
meridian of Ho. These a re the meas ured m arginal 
powers fo r horizontal lines. 

CA = The m eas ured cylindrical power at poin t A, given 
by the relation CA = VA - HA. 

CB = The m easured cylindrical power at point B, given 
by the relation CB = V B - H B • 

2 .2 . Additional Relations 

The following formulas are used in computing the 
departures of th e measured values from the specified 
values for the axial region and the departures of the 
measured marginal values from the corresponding 
measured axial values. 

LlVo="Vo - V p 
M1o= I-Io- I-Ip 
LlCo = Co-Cp 

LlVA= VA- V o 
Lll-lA = I-IA - I-Io 
Ll CA = CA-CO 

LlVB= VB - V O 

MIB= l-lB- HO 
Ll CB = CB-CO 

3 . Method of Measurement 

3 .1. Measurement of Axial Power 

The usual type of commercially available vertex 
power measuring instrument is designed primarily 
for use in the measurement of axial power. The 
diagrammatic sketch in figure 3 shows the position 
of a lens under test on a typical instrument. The 
back surface of the lens is held firmly against the 
fixed reference opening, J11, of the instrument. The 
optical axis of the lens is centered with respect to 
the opening JVl. Light from the movable target and 
calibrated optical system (not shown) passes through 
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FIGURE 3. Schematic diagram showing the positions ass1tmed 
by a spectacle lens when tested on a modified vertometer. 

The left part of the figure shows arrangoment for measurement of axial power. 
The fixed reference opening against which the lens is pressed is shown at M . 
The optical center 0 is made to coincide wiLh the center of M . 'rhe trace of 
the vertex sphere is also shown. In the right part of the fi gure, point 0 is pressed 
against the vertex sphere as shown. Light from M passes through the lens 
under test at points A or B and the marginal power can thus be measured with 
respect to the vertex sphere. 
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},!{ and is incident upon the back surface of the lens 
under test. The target is viewed through the front 
of th e lens with the a id of a telescope. After position 
of best focus is found , the bad:: vertex povver of the 
spec tacle len s is read from th e scale of a movable 
drum calibrated in diopters. 

3.2. Measurement of Marginal Power 

It is possible to measure the marginal power of a 
spectacle lens with respect to the vertex sphere by 
appropriate modification of a standard instrument. 
One modifi cation that has been developed in t his 
laboratory and found satisfactory is t he addi tion of 
a hemispherical seating surface against which t he 
lens under test is held . The radius of this surface is 
27 mm which is the value customarily accepted as 
being t he axial dis tan ce separating t he back surface 
of a spectacle lens and the cen ter of rotation of the 
average eye. This surface is so positioned that the 
edge of t he stand ard opening 1\1, shown in figure 3, 
is tangent to the hemispherical surfa,ce. For meas
urements of marginal power at 30° from t he axis, a 
dot is marked on t he hemispherical surface to locate 
a poin t 30° from the axis. The opLical cenLer of 
the lens durin g test is pressed against this dot as 
indicated in fig ure 3, which also show the relative 
position of the marginal area A or B with respect 
to the opening 1\£' Because of the prism power 
introduced by this decen t raLion a nd tipping of t he 
spectacle lens with respect to the opening lvI, it is 
necessary to use sui table p risms to bri ng t he emer
gen t ligh t beam into th e field of view of the observ
ing Lelescope. 

FIG URE 4. A vertometel' modified for measuring marginal power. 
'rile hemispherical mounting surface is shown at S; the clamping device is 

marked D; a nd the variable prism is indicated by P. 
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FJGURE 5. PI·incipal pal·ts of the auxiliary equipment used to 
modify a vertex po weI' measw'ing instrument to pennit meas
urement of marginal power. 

The parts shown arc tho hem ispherical su rfacc, S; the variable prism, P; and 
the clamping device, D. 

An instrumen t eq u ippecl wi th these modifying 
devices is sbown in figure 4. Th e hemispherical 
surface is identified by t he symbol S; Lhe clamping 
device is marked D; and the variable prism in its 
holder is m arJ.;:cd P. The principal par ts of this 
auxiliary eq uipment are shown separately in flgure 5. 
The hemispherical attachment is so made that it 
fits over the regular mounting and docs not prevent 
use of the instrumen t for the measuremen t of axial 
power. The prism hold er co nLains two] 5 diop ter 
prisms LhaL call roLaLe with respect to each other , 
thus pOl'mi tLi ng a variation in prism power ranging 
from 0 Lo 30 prism cliopte rs. This range of prism 
power has been found adequaLe. 

So long as unmoun ted lenses a re being m easured, 
tbis modified in trument can be u ed for the measure
ment of either axial or marginal power. It is not, 
however , pra,cticable, in most in tan ces, to use the 
modified illstrument for Lhe measuremen t of axial 
and margin al power for lenses mounted in pectacle 
frames. When measurements on such lenses are 
req uirecl , it will usually be necessary to r emove the 
lenses from t he frames prior to making the measure
men ts. 

4. Results of Measurement 

The performance of several hundred lense has 
been measured with this modified vertex power 
measuring instrument but for the purpose of this 
article, it is sufficient to show the results on a few 
lenses only in order to describe the measuring pro
cedures and the manner of arranging the data. 
Table 1 shows a typical summation sheet for a 
representative group of nine lenses. The prescribed 
spherical and cylindrical powers of the given lens 
head the column. These values are converted to 
nom.inal meridional powers V p and V H whose differ
ence is the nominal cylindrical power Cpo The axial 
meridional powers Vo and H o are then measured in 
t he proper manner and their difference 0 0 is the 
measured axial cylindrical power. The marginal 



powers at A and B are then measured. It is cus
tomary to make measurements of the marginal 
meridional powers on both sides of the axis. For 
example, the final accepted measured value of one 
of the marginal meridional powers is the average 
obtained for the two equivalent areas symmetrically 
located on either side of the axial point of the spec
tacle lens. The measured powers for these equiva
len t areas should actually be the same but there 
are usually small differences which arise in part 
from errors of m easurement and in part from actual 
differences in performance. The reliability of the 
final accepted values of marginal power at A and B is 
increased by this averaging process. 

TABL E 1. T ypical summation sheet for a group of nine lenses 

T he table sbows the prescribed powers, Sph and Cyl; the converted meridional 
prescribed powers, Vp, H p, and Cp ; the measured axial powers, Vo, i -To , and 
Co ; the average measured marginal powers, VA, H Al CA, VB, H B, and GB; and 
the measnred values of the deviations 6 V, 6 H , a nd 6 Cat the pOints 0 , A , and 
B. All values are expressed in diopters. 

Lens number-

7 9 
1-----1·------------------

Sph ..... ______ 4. 00 4. 00 4. 00 2. 00 2. 00 2. 00 - 2.00 - 2. 00 - 2. 00 
Cyl.. .. _...... 2. 00 1.00 0. 00 2. 00 L OO 0. 00 200 LOO 0. 00 

VP . . .. _ ...... _ 6. 00 5. 00 4. 00 4. 00 3. 00 2. 00 0. 00 - L OO -2. 00 
IIp .......... __ 4. 00 4. 00 4. 00 2. 00 2. 00 2. 00 - 2. 00 - 2. 00 - 2. 00 
C p_ .. ___ ...... 2. 00 L 00 0. 00 2. 00 L 00 0. 00 2.00 1.00 0. 00 

Vo. _._ ...... _. 6. 12 5. 00 3. 99 3. 98 3. 01 2. 02 - 0. 03 - 0.94 - 2. 01 
H o ___ .. __ ._.. 4. 02 3. 97 3.99 2. 01 2. 04 2. 01 - L97 - 1. 95 - 2. 02 
C o ... _ .... __ ._ 2. 10 1.03 0. 00 L97 0. 97 0. 01 1.94 1.01 0. 01 

VA ________ .. __ 
H A ________ .. .. 
C A _____ ...... _ 

Vn _ .. ___ .... .. 
FIB .. __ ...... .. 
Cn .. ___ ...... _ 

6 Vo _______ .. _ 
6 FIo ____ .. __ _ 
6Co_ .. __ .. _ .. 

6 VA_ .... _ .. .. 
6 H A ___ .. _ .. .. 
6CA_ ........ . 

6 Vn _ ......... 
6 H B ___ ...... _ 
6CB ____ .... __ 

~m ~~ L ~ L~ L m 1.00 Q~ -Qm - l. ~ 
3. 71 3. 82 3.85 1. 78 2. 05 I. 92 - L 96 - 1. 88 - I. 94 
2. 26 I. 05 O. 02 2. 09 L 00 - 0. 02 2. 15 1. 10 - 0. 05 

~ ~ ~~ L ~ ~OO L ~ L~ -Q 1O -Q ~ -I. W 
3. 60 3. 70 3.86 I. 00 2. 01 L 93 - 2. 01 - I. 89 - L 98 
2. 20 1. 11 - 0. 01 2. 10 1. 03 - 0. 01 1. 91 0. 97 0. 05 

0. 12 0.00 -. 01 - 0. 02 0. 01 . 02 - 0. 03 
. 02 -. 03 - . 01 . 01 . 04 . 01 . 03 
. 10

1 
. 03 . 00 -. 03 -. 03 . 01 -. 06 

-. 15 -. 13 -. 12 -. 11 . 04 -. 12 .22 
- . 31 -. 15 -. 14 -. 23 . 01 -. 09 . 01 

. 16 . 02 . 02 . 12 . 03 -. 03 . 21 

-.32 - . 19 -. 14 . 02 . 03 -. 10 -. 07 
-. 42 -.27 -. 13

1 
- . 11 -. 03 -. 08 -. 04 

. 10 . 08 - .01 . 13 . 06 -. 02 -. 03 

. 06 -. 01 

. 05 -. 02 

. 01 . 01 

. 16 . 02 

. 07 . 08 

. 09 -. 06 

. 02 . 08 

. 06 . 04 
- . 04 .04 

In making the measurements, it is customary to 
make and record five separate settings in the deter
min.ation of each meridional power for each area . 
The average value ob tained from these five settings 
is used in the determin.ation of the power as meas
ured by a single observer. The determinations of 
the meridional power are usually accurate to ± 0.03 
diopters. 

Direct measurements are made only on the 
meridional powers. The values of cylindrical power 
are given by the difference in the two meridional 
powers for a given area. Consequently the probable 
error of a determination of the value of cylindrical 
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power for a given area is usually greater than the 
probable error of determination of either of the 
meridional powers. The departures from the pre
scribed values of the various powers are shown in 
the lower part of table 1. It is clear that the magni
tud e of th e variations from the prescribed powers is 
great er for the marginal area , A and B , than for 
the central axial area. 

At the time measurement of the margin.al powers 
of spectacle lenses with respect to the vertex sphere 
by means of a modified vertex power measurin.g in
strument was in.itiated , there was some uncertainty 
regarding the reliability of this method. Accord
ingly the margin.al powers at 30° off axis of a number 
of spectacle lenses were measured on both the modi
fied in.strument and on the precision spectacle tester. 
Comparison of results obtain.ed by the two methods 
showed good agreement. Table 2 shows a compari
son of messured results for two len.ses by the two 
methods. It is evident that the differences obtained 
for the two methods are well within the limits of 
error and can be neglec ted . It can therefore be 

T A B L E 2. Comparison of values obtained by two methods f or two 
representative spectacle lenses 

The nominal prescribed power for each lens is Sph 4.00, Cyl 1.00 d iopter . 
Column A gives the results for the modified vertex power measuring instrument 
and colu mn B gives th e results obtained with th e spectacle tester. A U values 
in the table arc given in diopters. 

Lens )Jo . 

Power A B B-A A B B-A 
1--------------------

Vo __________________ _ 
B o ___ . _______ . ______ _ 
Co_ .. ________________ _ 

V A ________ .. __ • _____ _ 
ffA ________ .. ________ _ 
CA __________________ _ 

V B _____ _____________ _ 
1IB ________ .. _______ __ 
CB •• ________________ _ 

5. 03 5. 06 
4. 00 4.00 
1. 03 1. 06 

4. 92 
3. 90 
1. 02 

4. 86 
3. 76 
1. 10 

4.93 
3. 88 
1. 05 

4. S4 
3.74 
1.10 

O. 03 5. 15 
. 00 4. 10 
. 03 1. 05 

. 01 
-. 02 

. 03 

-. 02 
-. 02 

. 00 

5. 06 
4. 04 
1. 02 

5. 12 
3. 86 
1. 26 

5. 15 0.00 
4. 11 . 01 
1. 04 -. 01 

5.06 
4. 05 
1. 01 

5. 09 
3. 87 
1. 22 

.00 

. 01 
-. 01 

-. 03 
. 01 

- . 04 

stated that, with the auxiliary modifyin.g devices of 
the t ype described in this paper , the usual commer
cial type of vertex power measurin.g in.strument can 
be used for the accurate measurement of the mar
gin.al meridional powers of a spec tacle with respect 
to the vertex sphere. 

M easurements on approximat ely 200 lenses hav e 
been made in. the course of this research . Only a 
few of these measurements are reported here. Th e 
author expresses his appreciation to the four observ
ers who have worked on this proj ect . They are 
Walter R. Darling, Paul V. Barrans, Nancy Green
wood, and Loyd E. Sutton. 

W ASHINGTON, March 4,1955. 
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