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Determining the focal strength and the axis of an optical
lens has been a favorite occupation with men of science
since the 11th century. Alhazen the Arabian, Roger Bacon
the Englishman, Giovanni the Venetian; these are but a few
of the many who turned the brilliancy of their minds to lens
measurement. |

Many methods have been used—some crude and some
adequate enough . . . but in 1914 a new instrument lay
ready for production in the laboratories of American Optical
Company which was to revolutionize the entire conception
of lens measuring accuracy.

The new 1nstrument, the Lensometer, was the result of
more than ten years intensive research. Hitherto lenses had
been tested by the neutralization and curvature methods—

methods which had been effective enough in their time but
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Fig. 2. ‘T'he Original Lensometer

which were hopelessly out-dated from the moment that the
Lensometer was brought out.

For here was an instrument, the findings of which were
accurate to the minutest detail, an instrument that not only
prescribed but also proved. Nevertheless, for all its ad-
vantages over other methods, testing and improvements
went on in the AO laboratories until late in 1916 when the

instrument was brought out.



But 1916 and 1917 were precarious years for the new
creation.  Men’s munds were overwhelmingly oceupied by
the turn of events in Europe and after approximately 100
machines had been sold, manufactiire was discontinued.
The new 1mpetus came, after the war had ended. There
now arose a greater need than ever for an imerring meas-
uring device to provide accuracy and uniformity in lens
presceiption.  The Lensometer was. the answer.

]-}L'ﬂ'iﬂE t]-l-l._:"":.i." L:'.'-.i.l"l."l.‘ \"i._:i:L]"‘:S- 'r\"]]t'” fl"l:l:_. '|'.I'|':i_r'|:I:_':l'|‘.llﬁ"=§ I:_'}I'I I_'h-E' I 8 il i ot
ometer were little more than theories to the profession, the
.-"-.m(-_'ncath Oprical Company spared neither time nor expense

pnwnting its features to the optical world. ]}elcgi o5
whc. had been well grounded in its workings were sent out
to give demonstrations and explanations,

Since then the SEOTY of the Lensometer has beén one of
development and improvement. New devices have been
added until today the mserument 1s, withour doubt, the nost
i‘]'l;lf_ it 1_‘!.1){_. HF INstruent {'HT 1Ls '|'.'1|I'51‘i]";|._ ]'I'I "..'_."{]‘*-I'I:_""'I_l:: "1'|.r'|_d
what 15 Just as l[np-::-t'l'..l ity 1ts cost has been brought u.rhn
the reach of all practitioners.

|-"iE:'. 3. Ome-ofthe enrlv miodels

The Lensometer is now made for American Opeical Com-
pany by its affiliate, the Spencer Lens Company, which is
l]][&lniLlﬂ]'th\. famous for the guality and merit of 1ts pro-
ducts. The Lensometer has the double advantage of add-
ing Spencer skill and experience i building scientific pre-
cision instruments to American Optical skill and experience
in the design and construction of precision ophchalmic
'i_!'!bi-t.r'i.]'l'l'l.l:_f!'.ltf'i..



But 1916 and 1917 were precarious yvears for the new
creation.  Men's minds were overwhelmingly oceupied by
the turn of events in Eurepe and afrer approximately 100
machines had been sold, manufacrure was discontinued.
The new impetus came, after the war had ended. There
now arose @ greater need than ever for an unerring meas-
uring device to provide accuracy and uniformity in lens
['I-]‘i_:HL‘TiE]'TiUn. rI.|J-|.|._: I.'lf'l'l.-h'! MTtefer was l'..l-ll.': 1S W,

During these early years when the principles of the Lens-
ometer were little more than theories to the ]:lt'{:ﬁrrssinn, the
American Optical Company spared neither fime nor exXpense
in presenting its features to the optical world.  Delegates
who had been well grounded in 1ts workings were sent out
to give demonstrations and explanations,

Since then the story of the Lensometer has been one of
development and improvement. New devices have been
added until today the instrument 1s, without doubr, the most
precise type of instrament for its purpose in existence.  And
what is just as important, its cost has been brought within
[hE rlf_’.':.l.(':h r]J- Ell[ 131'-‘.1('.?'11"5{1:‘1&','-‘..

Fig. 3. (ne of the early models

The Lensometer 1s now made for American Oprical Com-
pany by its affiliate, the Spencer Lens Company, which is
internationally famous for the quality and merit of 1ts pro-
ducts. The Lensometer has the double advantage of add-
ing: Spencer skill and experience in building scientific pre-
ciston instruments to American Optical skill and experience
in the design and construction of precision ophthalmie
Instruments.




ki el - e

Poer, Perreed,

Fig. 4. 1llustrarion showing major parts of Lensamercr

The operation of the Lensometer is not a difhcult marter,
vet for accurate results, it is essential thar the correct
method be used. We supmest that the reader famibarize
himself with the instrument before procesding further:
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The Functions
OF the

[ensometer

THE AQ Lensometer was designed to provide a reliable
and accurate measuring device for all ophthalmic lenses; to
place in the hands of the refractionist and the dispenser an
instrument that measures with a mmnimum of effort and
time the actual refractive effect of a given lens as 1t is used.
In -nmple terms it enables him to determine the focal strength
and axis of any optical lens,

With it, allowances dnd all other errots that are possible
through calculations, are elimmated; with ity the refraction.
ist can determine the focal power of 4 fragment of any broken
lens that he is called upon to replace; and what 15 just as
important, in all cases of doubt the optical practitioner can
take the combination (or succession) of lenses in the test
case and read the exact effective power of the combination.

The Lensometer determines:-

. The effective power of spheres;

-

The effective power of cylinders;
3. The effective power of compound lenses;

4. The power of prisms;

Ly

The direction of prismatic power;
6. The axes of cylindrical lenses;

The center of lenses: and

|
.

8. The power of bifocal segments.
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The Principles of the Lensometer

The Lensometer has been many times called an optical
sentinel and that, in brief, is exactly what 1t 15. By a com-
bination of a telescopic lens system, a star wdard lens system
and a target, 1t reverses the optical order and makes the
eye the object rather than the target.

In other words, for the purpose of the test the target be-
comes the eve, and the eye the target, Its underlying

Fig. 5, 1/AF denotes power of lens

principle is the conversion of optical power nto linear
measure. 1 he focal ""FIH‘:]I of the lens 15 accurately deter-
mined and translated into diopters. This is accomplished
bv the use of a e'.111c|'?|‘r.]:;-'.-:1l lens and the graduated scale.
e - diopter.

The unit of optical measurement used 1s t
The diopter, by definition, represents the power ol any
lens bringing distant parallel hight to a forcus at one meter
from the lens. Thus, also, the meter was chosen as the
unit ol l]'l'l."' ar measurement.

Hence in the above illustration L. designates a lens with 1rs
focus at F.  The back focal length 18 AF. The "'*-:1pt'ﬂi=|
of this focal length in meters or 1 /AF denotes :'| power ol
h::.' lEns, |'mm the above we deri ive the following form I||.|.':.
ich D 15 the power of the lens n Elli.‘-[’J..CH: and I rh-.
h;u::{ |"Jl:'rl| length 1n metets: D = 1 /AF ot AF = 1/D.
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Also, since by definition the power of a lens bringing dis-
tant light to a focus at one meter is said to be one diopter;
a lens bringing it to a focus at 14 meter is said to be 2 diop-
ters; one bringing it to focus at 14 meter is said to be 4
diopters, it can be seen by the following diagram that the
linear distance as measured in diopters varies inversely as
to the diopters In a geometric progression,

4p 2D o %D

i I I i

lam oM | M
34" =2mM

tig. 7. In this diageam, M iz Meter; D, Diopter

Sinece 1t was unwiecldly to measure in actual whole meters
and to transform the geometric progression into a uniform
scale, the telescopic lens system and the fixed positioning
tube with the adjustable standardized Iens were incorporated
into the tnstrument.  The telescopic system makes distant
vision possible on so small an instrument.  The standardized
lens projects the image plane of the target into the required
back focal distance of the lens being tested.

Hor those who ware interested in the mechanics of the
Lensometer, the optical system is explained below. See
figure 6.

The observer's eye (A) 1s placed at the exit pupil of the
telescopic system, which is composed of an adjustable eye.
piece (B) and a telescopic ohjective. The eyepiece is
focused on a reticule (C) to compensate for any errors there
may be in the observer's eye.

The telescopic objective (D) is so adjusted to bring the
images of distant objects to a focus on the reticule (C),
This optically places the eve of the observer us the distant
object toward which the spectacle lens (E) 15 turned.

The positioning tube (F) is adjusted and set with lock
screws for holding the ophthalmic lens (E) ar the required
distance from the laboratory adjusted standard lens (G,



In this way the image plane of the target (H} is projected
into the required back focal distance from the ocular surface
of the lens under test (E). The positioning tube (F) is so
adjusted that the ocular surface of the lens (E) 1s held in
the principal focal plane of the standard lens ( ().

Thus, from any book on Geometrical Optics we can find
an equation for the distance (X) from this point to the image
of the target. [If we let (X'} equal the distance of the target
from the other focal plane of the standard lens (G) and (F)
the equivalent focal length of the standard lens (G) we get

X =F%
Then by transposing we get
X! = F* (1/X) or FPD0.
from which it can be seen that the reciprocal of the back
focus of the lens (F) is read as a linear term X' in units
depending for the units of length upon the value (F).

Now the equivalent focal length of the standard lens is
somewhat less than 0.05 meters but for ease in calculation
we will assume

F = 0.05, then
X! = 0.0025 or 0.0025D
X
where [} is effective power of lens (E) in diopters.
It is thus seen that each diopter means 2.5 mm movement of
the target, and for 0.01 D a movement of 0.025 mm.

The standard lens (G) must be accurate. Consequently,
it is made adjustable in power by a slight change in the sepa-
ration between a weak positive element and another strong
over achromatized positive element.  After accurately
adjusting the power, the two lens cells are sealed at the
required separation.

The precision of the protractor on the Lensometer is tested
by means of a marked plano cylinder set face up, then face
down. The average readings will then give the 180° point
regardless of the actual axis of the cylinder. {lt is advisable
to have the cylinder within ten degrees of 1807 for ease in
Hguring).

The power is so adjusted that readings made with each
l.ensometer agree with the values as certified by the United
States Bureau of Standards for our Primary Standard Lens
Set

i



@peraimn of the Lensometer

. Prefiminary Addjustment

The mstrument should d]n'n&. be adjusted to the eve of
the exammer before lenses are ¢11=1]1, zed.  This adjustment is
accomplished as follows:

Turn the graduated power wheel until the zero position
15 directly {J]"}T}Iﬂ‘ﬂTt the arrow on the indicator. While
looking at the eyepiece, rotate it until the circulars of the
reticule are sharp and clear as in figure 8A.  [f the instru-

nient has been properly adjusted the squares and bands of
|Lghl on the target will be l:.h:ilpl‘n. defined as 1n Fu_,uu (BB,

- W R po T Fig, BR—Targe Fig. 8C—Reticule
i S B ety = R and Tarper combined

Superimposed on the reticule a clear image of the combined
reticule will be seen as in figure 8C,

With the instrument set correctly for the operator’s eye,
we are ready to proceed with any of the tests outhined on
the following pages.

Fig, ¥, Section showing proper pesition of lens betng examinel



b, Analyvzing Spherical Lenses

Insert the lens to be tested with the back or ocular surface
against the lens positioning tube (See Fig, 9).

While looking through the eyepiece, revolve the graduated
power wheel until the squares are hll]} distinct as in I 1gure
10A,  Then move the lens until 1t 15 centered. This s in-
dicated by the squares falling within the crele engraved
on the reticule of the eyepiece as in Figure 8C.

Next, the power wheel is moved away from the operator,
causing the sguares to be blurred shightly as in Figure 10B
then the power wheel i1s slowly turned foward the operator
until the squares are sharp asin Figure 8C. Do not turn the
power wheel back and forth by small amounts, because the
most rapid and accurate settings are made as described.
If you wish to verify the findings, repeat the entire operation,

Fig. 10B—3phere out of focus; Fig. 11A—Sphere and cylinder
No cvhinder out of focus: Axis off

The power of the sphere can be read directly from the
graduated wheel—white numerals indicating plus power,
and red numerals indicating minus power.

14



e, Analyeing Plano Cylinders

Set the power wheel at zero and insert the lens to be tested
with the ocular surface against the lens positioning tube, so
that the geometrical axis of the lens is on the (0-180° line.
The appearance of the target will be similar to that shown
i Figures 11Aer11B.  While looking through the eyepiece,
turn the protractor on the nstrument untl the single line
comes into focus and I}E_[ﬂ-TTlE"a a4 bright band of lighy. See
illustration 11C, The axis of the cylinder is indicated on
the ptotractor.

Now rotate the power wheel until the three lines come
mto focus, as in Fig, 11D, carefully turning the power wheel
until the sides of the rectangles are very sharp.

The power of the cylinder can now be read directly from
rhe power wheel—positive 1f white, negative if red.

Fig., LIB~—S5phere in focus; Axis off

Iig. 11C—Sphere in tocis; Axis correct Fig, 11B—Cylinder fovusesd

. j'.irm’vzf:rfg Sphero Cvlinders
Place the lens w'th its ocular surface against the position.
ing tube of the instrument or in other words with the front
surface of the lens towards the operator,



1. Bring to sharp focus the single line of the target by
slowly and simultaneously rotating in either direction the
power and protractor wheels. When the single line 1s focus-
ed, then the reading on the power wheel indicates the spher-
cal power and the protractor wheel reading indicates the
axis of the plus or minus cylinder. The sign of the cylinder
1s determined by the second setting.

2. Now focus the three lines of the target by rotating
only the power wheel. This gives the second reading, The
cylinder 15 equal to the dioptric difference between the second
and first reading.  The cylinder power is plus when the power
wheel has to be turned towards the operator for the second
reading and 1t 18 minus when the power wheel has to be
rotated away from the operator for the second ﬁttring.

Sphere = First reading single line
Axis = Protractor reading of first setting.
Cylinder=5econd reading minus first reading

Examples.
. First reading: Power wheel +2.50
Protractor wheel 85°
Second reading: Power wheel +-1.00 D
Sphere =+2.50 D
Cylinder =4+1.00— (+4+2.50)=—1.50 ax 85°
Rx = +2.50 —1.50 ax 85°
2. First reading: Power wheel +1.25°BD
Protractor wheel 150°
Second reading. Power wheel —0.50 D
Sphere = 12513
Cylinder=—0.50— {4 1.25)=—L.75 ax 150°
Rx = 41.25—1.75 ax 150°
3. First reading: Power wheel — 1351

Protractor wheel 17°

Second reading: Power wheel —2.001)
Sphere =137 F

Cylinder= —2.00—(—1.37)=—0. {u?l} ax 47"
Hx = —1.37 —0.62 ax 17°



&, Prismse and Decentration

With the improved Lensometer Junior, it is a simple
matter to decenter lenses to obtain a predetermined amount
of prismatic power, without the use of tables or any caleu-
tations whatsoever,

Assume a spherical lens 15 to be decentered 3.00 prism
diopters at 45°.  First, place the lens with its ocular surface
agamst the positioning tube, and after focusing with the
power wheel align it for geometrical center. The target
will then appear as in Figure 8C. Then set the prism axis
scale on the telescope tube (see Figure 12) at 45° and move
the lens on the positioning tube until the center square of
the target is on the third circle of the reticule and exactly in
line with the dark axis line of the reticule, which has now

Iig. 12, Prism mensuring device

been set at 45°, The target will then appear as in Figure 13,
It will be noted that each cirele on the reticule represents
LOD prism diopter.  Without changing the position of the
lens, mark it with the centering device to denote the amount
and direction of decentration necessary to produce that
prismatic power, If the prism to be checked exceeds 5.00



prism diopters, insert an auxiliary prism n front of the
telescope tube, as in Figure 18, Generally, a 5% prism
from the trial case will answer the purpose.

f. Ferifving Finished Lenses
Spheres.  Set the graduated wheel to the pmscripritm
value and insert the lens against the [_‘l{t-mtmnmu tube. If
the images are sharp, as in 11]g. 8C, the lens is correct. If the
wheel has to be turned, say, 0.12 Diopter to bring the image
to a sharp focus, then the lens is incarrect by that amount.

Fig, 124, Power Wheel

Cylinders. To verify a cylinder set the power wheel
to (.00, and the axis wheel to indicate the axis on the Rx.
Place rlu lens on the positioning tube, with the geometrical
ax1s horizontal and ]‘.-f:]’r[trh aligned on the 0-180% line. The
unage as seen should be three rectangles, extending along
the same line as in Figure 11C, with faint bands extending
out of each |'f_-:;:'f11'|g1n;: but !-ih;{]j_':]j.- defined on their sides.
This tests the cylinder for absence of power along the axs.

d =



Next, move the graduated wheel to the ¢y lindrical power
appearing on the Rx. The rectangles and ribbhons should
be parallel to each other and should be sharply defined along
their former indistinet direction as in Figure 111,

Sphere-Cvlinders.  Set the power wheel according to the
spherical power appearing on the Rx; also set the small
power indicator on this wheel at the same position. The
rest of the operation 1s the same as for eylinders, always
t'tklng the aphermal power instead of zero power as 'L*;.i_'ﬂ]’hhg
point, and the sum of the spherical and cylinder powers for
the second reading. The difference between the first and
second readings represents the cybndrical power of the lens.

g Prismatic Power

To determine 1f a lens has been properly decentered, set
the power and the axis wheels at their proper positions and
place the lens on the positioning tube with the geometrical
center and, in the case of a cylinder, with the axis perfectly

Fig., 13, Targetshowing power of three prism diapier

aligned. Next turn the prism axis scale to the correct
position. The image in the case of a decentered sphere
should be as in Fig. 13.



o Alipnment af Spectacies

This 1s a sunple attachment supplied on every Lensometer
Junior of the improved madel by which the alignment of
a pair of spectacle lenses, mounted and ready to deliver,
can be checked for alignment of axes and prismatic power.
Often lenses that have been properly surfaced are cut or
cdpged off axis or with the wrong amount of decentration.

Also there is a possibility of perfectly surfaced and edged
lenses being improperly mounted in a frame, either because
the frame 1s out of “true”, or becauseé the drilled holes are
not correctly positioned, or for various other reasons. As
it is essential that the finished work comply n full with the
specifications on the Rx, every job should be checked on the
[Lensometer before delivery to the patient.

When not in use, the aligning device should be in its
lower pnﬁi:ihn, as in Figure 9. When it is desired to check
a mounted prescription, the device ean be raised, as in
Iigure 15 and the mounting placed thereon.

Fig. 14. Magnifving attachment for Fig, 15. Position of spectacles on
protractor and power wheel aligning device

To check such work, set the power wheel, the axis scale,
and the prism scale in their proper positions and check one
lens. Then move the aligning device to the right or left
and check the other lens, being careful not to change the
up and down position of the device.

Any discrepancy in the alignment of the finished Rx can
readily be located and corrected before the work is sent out.



Fig. 16, 'Cloge gp of aligning device

. Bifocal ddditions

To measure the addition of fused bifocals with the sep-
ment on the convex side, it 15 necessary that we reverse the
usual procedure—that 1s, we must measure this addition
I'-'I'f:l'l'l"'. T!']I::', COnVEX, 1'r1:-,'t;_=':L[_1 I:]'F 'F'I"[]'I'I"I I']h:‘. CONCAVE, :‘}IH]L"- [l- W
]'I'I'L‘ﬂf'i".ll'l'_'f] 1_.":':'111 th"." COnCave :"S-il'.lt':, TE‘II'.: H[:glr!l."."lt ".'u'ﬂ'i]l-'.;: |'.3".: :'i"."-rﬂ:'.'
from the positioning tube by an amount equal to the thick-
NEss '::'I:- T;'J';_' _El.'-l-.h"!*'- HI'- 1_';'5';'_‘ I:}?IS‘L'FI_EI'II::.E' |ﬁ|'|"_-'|.I 2 r}'ll.‘._'. HE%]'I'II:!T".T_. .ilh:lf-l
thickness of glass moves the segment a small distance
away from the positioning tube, a verv small distance, but
I:Z]'.I[]’.Jgh: e Ei"."-ﬂ CUTOTEOLS r'!_'IEL[_:Ii."'.-gS.

The procedure for reading bifocals with front segments 1s
as follows:




Fig. 17, Bifocal lens being tested

rI.||-|.L' diﬁrﬂ]‘lfﬂ Pf]“-"tt E'.h' Cil I:'.lf;" I]][’ZHSH]—E{_i I!!'.I TE\E l!-.':“]ﬂi MMTATEr
with the concave surface of the lens against the lens position-
ing tube.

To get the “add", two measurements should be taken,
both with the congex side of the lens against the tube
First, measure the power through the center of the lens.
‘x{*-:t move the 1E.'.-ld!]1g SEFMENL 50 that a pnlr':l.' about
smm below the :‘[anl]hg_ line of the JE_’TI,':. 15 on the lens
positioning tube. The reason for this is that the average
reading position of the individual 1s 5mm below the dividing
line,

Then measure the power, Ens&‘]‘tihg F}risms in the Tmrism
holder of the Lensometer when necessary to bring the target
to the center of the reticule. The difference between the
two readings is the power of the addition. This method,
however, 15 to be used only in obtaining the power of the
addition.
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(Duestions Answered

The purpose of this book is to acquaint the reader
with the principles and the operation of the Lensometer.
It should be read carefully. However, for those who desire
the salient features of this instrument in condensed form we
have prepared a series of questions and answers that may
clear up some points.

Fig, 13, Auxiliary prism holder

|, How is information, that the Lensometer gives, of vadtee?
It shows the effective power (also called vertex re-
fraction) of any lens quickly and accurately and illustrares
the separation error of neutralization lens,
2, What determines the effect of a lens on the eve?
The distance behind or in front of the cornea at which
the lens produces a focus.
3. Duoes the distance from the cornea change the effect of a
leni?
Yes. Increasing the distance strengthens the power
of a positive lens and weakens the effect of a negative lens.
4, Why dow't we measure the power from the cornea?
People wear glasses at different distances from the
cornea, so the same lens would be marked differently for
various people.
5. Wil the Lensometer measure any form fens?
Yes, all Ophthalmic lenses.



6. 15 the Lensometer diflicult to operate?
No. One of its chief features is its simplicity and
ease q}r-!:up-:i["ltil::lr‘ A novice in the knowledge -::-an’r'[r*: wolil
be able to verify Ry, lenses after being instructed in 1ts use,

7. Doer the Lensometer vequire inuch altention?
™o ll"i-‘. LZ-:H'IStTlIL"ti[]l'I 15 such that cleanliness -and
ardinary care will preserve 1t indefinitely,

*«

Fig, 19, Posicion of marking device when not in gse

8. As wls upkeep expensive?
No. Only a bad accident or introduction of emery
mto moving parts could lead to the necessity of repair,

Q. Hhat ware the special advantages :‘?,f' the Lersometer?
Measures lenses as worn.
Eliminates possibilities of error.
Saves tine.
Saves labor.



Fig. 20, Marcking the lens

L0, Wy does the mnstrument weigh so much?

It 15 necessary in an instrument which will measure
such minute {implat_‘mmnm to have the proper amount of
metal In girder type construction, in order to insure per-
manence of adjustment.  Solid substantial construction and
weight make minute adjustments permanently accurate.

V1. W%y 15 a double pinion pear uied?

The pinion gear must be accurate and remain so per-
manently, so the movable gear was devised. This is under
continuous strong spring tension with reference to the keyed
gear. It automatically adjusts for both rack and pinion
WeAr.

12, Wiy are the pinton shaft and bearings so lavge?

Experience has proved that even with great care, an
instrument used as frequently as the Lensometer will re-
ceive many accidental knocks. A small pinion shafe will
bend and destroy the accuracy of the instrument.






13, #hat 15 the advantage of the adinstable tnclination
stand?
The eye and body working under physical strain is
conductive to carelessness and error,
The Lensometer can be adjusted to a comfortable and
proper position which is an aid to eficiency.
14, What advantage ic the farge lamp howse?
This instrument takes a standard intermediate base
lamp, obtainable from any larger dealer in electric lamps.
5. How is the effective power of lens being verified known
to be the same as lens wsed in test lens frame?
Test lens frame with lenses used in testing the eye
may be inserted in Lensometer and measured in effective
power to verify the test lenses,

Conclusion

The history of the Lensometer has been one of
steady progress. It was designed and dewveloped to
meet the requirements of a profession that was ex-
acting In 1ts needs, precise in its findings.

[n the preceding pages something of the back-
ground, utility, and mechanics of the Lensometer
has been outlined l}ri{:ﬂ}'. American Dp’ricm Com-
pany behieves that the years of research given to
the Lensometer have been justified. [t is proud of
the part it has plaved in the pioneering and devel-
opment of the instrument.



6, Besd the axis of the cylinder from the axis \heel.

s P‘:lace the ecula.r side of the lens aga.imt the pesitioning tubes

2.»‘ Fem the target , 8nd 1wate the central brism area (vhere the
single bright iine cresses the middle liae of the three bright 11nel) wﬁ.th
raapect te the black circles of the retiwlea This pasitim indicates the

prism power that is effective at the Paint of the lens leeatod a.t the center

of the pwi tining tube. Bach black circle represents one prism diopter. '._l'ho
direction '-'effthe base-apex 1ine of the prism is located by turning the ltraiﬂt
black line of the reticule until 4t geu thrwgh the central bright area, and '

then reading the aagla from the priu mamring dovico near the emieeo;
3¢ I1f the prim power e:eeeé.s 5‘A it is mmuary to use an auxiliary

prim lens in the heldor at the end af tho telescope in order to bring tbe

target back into the f£ield of view.
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1;-‘@ ?lwa tho {m}_ M of tho 1em aguin.lt tho pmitienﬂ.u *mn

2e Heame the power through the center of the lens,

3. Move the iﬂ:@.nt area up on the positioning tube and measure the

power again.
4, The bifocal addition is the difference between these tvo readings.



Set the pewafr wheel at zm and 1-691: through the emijoco; at the target,
Adjust the eyepiece, if necessary, until both the black circles and lines of the

reticule and the bright lines of the target are sharp and clear,

1, Place the ocular side of the lens against the positioning tube of thg'
{nstrument. Let the lens rest on the lens alignment table and be held in place.
by the lens h@‘ldarQ - ' - '

2. BRotate tho power vheel until the hriﬁt lines a.nd squares ef the tazrget
;nac@ne sharp and clear, To lecate tho ept:lea.l center of the lens, move tho lens
until the center of the black reticule line eaineidﬂl vi_th the center of the
middle light square. ' '

3
' 1imn irmieau plas power, i'ad“”“ﬁerl and 1inn hilﬁu%c ninus pmm.

Read tha piwor M." tho lens from the pbur wbnol;-

White mboﬂ tnd

i

1. Place the emlar Iido af thc lans minlﬁ the peuﬁaniu %‘u.‘bo.

' 20 Retate ‘the power wheel a.nd tho uil vheel uatil tho single bright lins
of the target is straight, sharp and clear.

3* R’u th. povwer fl‘@l the powver wheel, (,1TI$ n..d’.ﬂ‘.) Talke thig a8 '
the pover of the sphers. ' - '

B Withwt @hauing the pentian of the lﬂ.l whnlg rewso ’eho pevwer whui

?untﬂ ihu thru bright lines are sharp and elurs thon rnd the pemr uﬁm
(med. Rudinca) .

54 Ths d.irforenee bo'awun the neend. and the ﬂ.nt readings is the mmm
It is plm if the ueou rudinc 1nuutu nore plﬂl ez less minus, thad is, 12
the top of th«a whool has ‘bcon t‘amed toward the opoﬂ.ter for the secend reading.
The ayii-njdar is minus, if the second rn&!.nc 1n&1utu less plus or more minmus,
‘that 4s, 4f the top of the wheel has been turned away from the operators



