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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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of the cylindrical reference lens.

Alist of all parts in the ISO 9342 series can be found on the ISO website.
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Optics and optical instruments — Test lenses for
calibration of focimeters —

Part 1:
Reference lenses for focimeters used for measuring

lt\“nt\ﬂ

Py s PN
Spectacre1enses

1 Bcope

This| document specifies requirements for reference lenses for the calibration and verification of
fociyeters that are used for the measurement of spectacle form lenses{e:g. those complying with
[SO $598-1. It also gives a method for the determination of the back vertex power of the refergnce lenses.

NOTE It is accepted that other reference lenses can also be used with powers within the |given range,
manfifactured to the same standard of accuracy and form, but differentbaek vertex powers. Howeve, only lenses
with|integer nominal powers, as described in 4.1, can be used for thecalibration of digitally-rounding focimeters.

2 Normative references

The [following documents are referred to in the text.in such a way that some or all of their content
congtitutes requirements of this document. For.dated references, only the edition cited ppplies. For
undgted references, the latest edition of the refefénced document (including any amendments) applies.

[SO Y944, Optics and optical instruments — Reference wavelengths

ISO 13666, Ophthalmic optics — Spectacle lenses — Vocabulary

3 [lerms and definitions
For the purposes of this dogument, the terms and definitions given in ISO 13666 and the follgwing apply.
ISO @and [EC maintaimterminology databases for use in standardization at the following addresses:

— |SO Online btéwsing platform: available at https://www.iso.org/obp

— |EC Electropedia: available at https://www.electropedia.org/

3.1
back vertex power
reciprocal of the paraxial vertex focal length

Note 1 to entry: According to ophthalmic convention, the “power” of a lens is specified as the back vertex power.

Note 2 to entry: The unit for expressing focal length is the metre and for vertex power is the reciprocal metre (m1).
The name for this unit is “dioptre”, and the symbol is “D”.

[SOURCE: ISO 13666:2019, 3.10.8, modified — A Note 2 to entry was added.]

3.2

reference lens

lens complying with the requirements of this document used for the calibration and verification of
focimeters

©1S0 2023 - All rights reserved 1
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3.3
spherical r

eference lens

lens with spherical front and back surfaces used for the calibration and verification of dioptric power

measureme

nts by focimeters

Note 1 to entry: A plane surface is a special case of a spherical surface having an infinite radius of curvature and
hence of zero power.

3.4

prismatic reference lens
prismatic lens constructed with two non-parallel plane surfaces used for the calibration and verification

of prismati

|

FD | £ . 4
POWCT HITASUTLTIIICIILS Uy TUUIITITLTT S

Note 1 to enfry: The unit for expressing prismatic power is centimetres deviation per metre distance ((cny/m).

The name fo

" this unit is “prism dioptre” and the symbol is “A”.

Note 2 to enffry: The prism shall be constructed to give the correct deviation with light incident perpendicu

one surface.

3.5

cylindrical
lens with o
and axis m3

3.6

spherocyli
lens with o
power and 1

3.7

reference lens
he plane surface and one cylindrical surface used to calibrate ahd verify the axis indig
rker with reference to the orientation of the adjusting rail

ndrical-power reference lens
e spherical surface and one toroidal surface used tocheck the non-symmetric cylind
non-symmetric cylinder axis error given by an autémated focimeter after calibration

reference flilter

neutral den
tinted lensd

3.8
surface po}
local ability]

Note 1 to enf
of the optic3
actual refrag

sity filter of plano power used to check.the capability of an automated focimeter to mea|
S

ver
of a finished surface to change the vergence of a bundle of rays incident at the surface

| material, and is caletlated for light incident or emergent in air. The refractive index may b
tive index of the material or a nominal value.

Note 2 to enffry: Back surface'power is given by the following formula:

Fgg=(1

where

- nj/ry

ar to

ator

[rical

sure

ry: The surface power is determined from the radius or radii of the surface and the refractive index

b the

Fgg is the back surface power in D (m™1);

n

I

is the refractive index of the material of the lens;

is the radius of curvature of the back surface in metres, regarded as being positive if the centre of

curvature is behind the surface according to the direction of travel of light through the surface.

[SOURCE: ISO 13666:2019, 3.10.4, modified — Note 2 to entry was added.]
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3.9
verified power
<reference lens> power derived from measurements of a set of parameters of the reference lens (3.2)

Note 1 to entry: Each verified power comes with an uncertainty. This uncertainty is derived from the uncertainties
of the individual measurements used to establish the verified power and should be within the values specified in
this document.

Note 2 to entry: An example for the set of parameters to be measured for a spherical reference lens are the
refractive index, radii of curvature of the two surfaces and thickness (see Annex A). For a prismatic reference
lens, an example for a set of parameters to be measured are the refractive index and its apical angle (i.e. the angle

bet

een its two surfaces); (see Annex B)

Note
issuq

4

4.1

All 1]
strig

Othsg
repr

3 to entry: These parameters are measured using procedures and/or equipment traceablet
d by an appropriate metrology laboratory.

Design requirements and recommendations for reference lenses

General

pference lenses shall be made of homogeneous white crown glass'selected to be free of
e in an area of 8 mm radius surrounding the centre of the aperture.

r materials may also be used provided their use results in lenses with a durability
pducibility within the given tolerance over time and that'can be manufactured to the sar

of unpcertainty and form as the glass lenses specified in-this document.

The
valu
mer
ISO

The
pow|
are

reference wavelength for the reference lenses used to calibrate and calculate the ver
e of the back vertex power shall be stated¢The reference wavelengths shall be eithe
rury e-line (A, = 546,07 nm) or the yellow helium d-line (A; = 587,56 nm), in accor
7944,

actual powers of the reference lenses should be close to, but need not be not exactly, {
er. The verified power (see 3.9) is.that used to calibrate instruments. The closer the veri
o integral values, the easier itwill be to calibrate or verify the calibration of some types ¢

e.g. nanual focusing instruments or automated instruments that have display steps of 0,25

The
mea
of cu
cert
be o
regu

The
Corr

verified power of a-reférence lens is defined as a calculated value, which is base
surements of the indiyidual design parameters of the reference lens, such as refractive ij
rvature of lens supface, etc. These are measured using procedures and/or equipment
ficates issued‘by an appropriate metrology laboratory. An appropriate metrology labq
ne accredited to ISO/IEC 17025 for these measurements or one specified in national
lations.

referetnice lenses are recommended to have protective mounts designed so that, wh
eCtly placed on the lens support, the focimeter is not obstructed. It is also recommeng

certificates

bubbles and

and optical
ne standard

ified power
r the green
dance with

he nominal
fied powers
ffocimeter,
D.

1 on actual
ndex, radius
‘raceable to
ratory may
or regional

en a lens is
led that the

veri

4.2

=
fedpowerof the tferrsamd the teference wavelengtirbe rarked o the mount:

Spherical reference lenses

4.2.1 Standard spherical reference lenses

For a complete set of spherical reference lenses, the following set of nominal back vertex powers is

reco

mmended:

-25D,-20D,-15D,-10D,-5D,+5 D, +10 D, +15 D, +20 D, +25 D

The spherical reference lenses should have an aperture of at least 15 mm.
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In order to minimize the influence of spherical aberration, the curvature of the back surface and the
centre thickness shall approximately correspond to those of normal spectacle lenses. Table 1 gives
nominal back surface powers and ranges for centre thickness, which will ensure that the reference
lenses are of this form.

The highest permissible uncertainties on the verified spherical power for the standard spherical
reference lenses are also specified in Table 1.

Table 1 — Design range for the standard spherical reference lenses

Nomina —Range-fopba-ck-sm:face—-kange-fopcen:pe thick iirgtg?z:;:g;n:lilses‘ilzlﬁ.ﬁ:&
ppwer power ness spherical power
D D mm D
-25 -26 to -24 2to6 +0,03
-20 -21to -19 2to6 ¥0,02
-15 -16 to -14 2to6 +0,02
-10 -13to -11 2to8 +0,01
-5 -10to -8 2to8 +0,01
+5 -6to -4 3to7 +0,01
+10 -4 to -2 3to7 +0,02
+15 -2to 0P 5 teN7 +0,02
+20 -1to Ob 7¢0 9 +0,03
+25 -1to 0P 9to 11 +0,04
a2 These ceptre thicknesses are required to guarantee stability in the negative power range.
b The bacKsurface shall not be convex.
NOTE1 I Annex A, an example is given for the design of reference lenses that meet the requirenpents
of Tables 1 fdr apertures of up to 15 mm diameter:
NOTE 2  The astigmatic power can be assessedthe same way as uncertainties in spherical power by meas{iring

surface geo

etries. See Annex A.

4.2.2 Low power spherical reference lenses (optional)

When vali

power for t

ting automated-instruments, it is recommended to add extra low powers into the rgnge.
Suggested values can be foundin Table 2. The highest permissible uncertainties on the verified sphefrical
ese reference-lénses are also specified in Table 2.

Table2 — Design range for the low power spherical reference lenses

Nominal pack vertex Range for back surface | Range for centre thick- ngh?St permlssmle_ -
certaintv on the verified
power power ness< 7.
spherical power
D D mm D
-2,5 -8to -6
-0,25b -7 to -5
-0,12b -7 to -5
2to8 0,01
+0,12b -7to-5
+0,25b -7 to -5
+2,5 -7to -5
a2 These centre thicknesses are required to guarantee stability.
b Choose either +0,25 and -0,25 or +0,12 and -0,12.
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NOTE1 In Annex A, an example is given for the design of reference lenses that meet the r

of Ta

bles 1 for apertures of up to 15 mm diameter.

NOTE 2

surface geometries. See Annex A.

4.3

Prismatic reference lenses

equirements

The astigmatic power can be assessed the same way as uncertainties in spherical power by measuring

The optical surfaces of prismatic reference lenses shall be plane and their aperture shall be at least
15 mm.

The
on t
pow]

For 4
2 A,

NOT
thei

The
are 4

4.4

This
and

shal
refe]

rumberof prismaticreferencetenses-thatshoutdbeused-toadjustortocheckafocinre
he measuring range of the instrument. The prismatic power marked on the mount
er for light incident normal to the surface resting on the lens support.

i complete set, the following set of prismatic powers is recommended:
b A, 10A,15A,20 A

) The prismatic value may depend on the design of the focimeter (I0A or FOA - see ISO 1
mplications of incident angle. This is explained in ISO/TR 28980.

highest permissible uncertainties on the verified prismati¢’power for prismatic refer
pecified in Table 3. See Annex B for a discussion on the un€ertainties for prismatic pow

Table 3 — Uncertainties for prismatic reference lenses

Highest permissible uncertain-
Nominal prismatic power ty on the verified prismatic
value

A
+0,02
+0,03
10 *0,05
15 +0,10
20 +0,15

Cylindrical reference lens

shall have the dimensions, nominal unless otherwise stated, shown in Figure 1. The ¢
be parallel'to the longer, reference, side of the rectangle and shall be marked by a cent
ence.side shall also be marked.

er depends
thall be the

B666) due to

ence lenses
er lenses.

reference lens'shall be a positive plano-cylindrical lens of at least 5 D edged to a rectanjgular shape

ylinder axis
re line. The
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Dimensions in millim

L0

etres

Key
1

2 referend

The angula
not exceed

The displac

These toler
the centre |

For system
of adjusting
with the sal

4.5 Sphe

The sphero
a power of
have a dianj

The sphero
that the op
the sides of
as close as

60

centre lipe

e side/edge

Figure 1 — Cylindrical reference lens
" deviation between the cylinder axis and the longer side.of the rectangle (see Figure 1)
P0 min of arc. See Annex C for a discussion on uncertainty for the cylindrical reference

ement of the centre line from the afocal principalimeridian shall not exceed #0,1 mm.

hnces shall not be additive and allow the afgular deviation between the cylinder axisg
ne to be greater than 20 min of arc.

5 with alignment based on optical features of the lens (e.g. permanent markings) ing
rails, appropriate means to secure-the orientation shall be applied (e.g., optical mark
me uncertainty instead of the orthogonal shape.

rocylindrical-power reference lens

cylindrical-power reference lens is a specially mounted spherocylindrical-power lens
2,00 D sph/-1,50"Dcyl, of spectacle form and quality conforming to ISO 8980-1, and
eter of not less than 25 mm.

cylindricalspower reference lens is centred and firmly affixed on to an octagonal dif
ical centre of the lens is coincident with the geometrical centre of the disk. The leng
the disk shall be between 25 mm and 30 mm. The axis of the cylinder should be ali

least 10 m

rigid plastic a

bracticable to one of the faces of the disk. The disk shall have a clear central aperture

hall
ens.

and

tead
ngs)

with
hall

k so
th of
rned
of at

etal or

An illustration of the specially mounted spherocylindrical-power reference lens with the disk is shown

in Figure 2.

As an alternative to using a lens mounted on an octagonal disc, a lens may be edged to the same
octagonal shape. The length of the sides of the edged lens shall be between 20 mm and 25 mm in order
to have stable and accurate measurements. The optical centre of the edged lens shall be coincident with
its geometrical centre.
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4.6
The

luminous transmittance, t,, or a spectral transmittance, t(A), at around 555 nm of (186r3 ) 0q.

Tod
rang

Conformity with a darker filter according to 4.7 shall be taken as conformity with this subc

4.7
Whd

addifional, darkerreference filters with 7, or (1) at around 555 nm <15 % are necessary

the ¢

IS0 9342-1:2023(E)

10 mm clear central aperture within octagonal disc or edged lens

spherocylindrical lens, 25 mm to 40 mm in diameter, cemented to an octagonal disc (3), or ed
Himensions

bctagonal disk, with length of sides between 25 mm and 30 mm, or octagoinal-shaped lens with lg
between 20 mm and 25 mm

Figure 2 — Spherocylindrical-power lens, with disk or edged to shape

Reference filter

reference filter shall be a solid tinted glass neutral density filter with plane surf:

bfine the neutrality of transmittance;ithe spectral transmittance, 7(A), of the reference
e of 450 nm to 650 nm shall be (1833 ) %.

Darker reference-filters (optional)

re claims are made about the performance of focimeters with lower transmittz

laim.

A d3

no

lurqlnous transmittance, t,, and/or the spectral transmittance, t(4), at around 555 n

rker reference filter shall be a solid tinted glass neutral density filter with plane sy

inated and the value of transmittance for which the claim is made shall be that value.

ged to these

ngth of sides

hces with a

filter in the

ause.

nce filters,
to validate

rfaces. The
m shall be

The spectral transmittances, t(A), of the reference filter in the range of 450 nm to 650 nm shall be
within the limits in Table 4.

NOTE 1

Useful values of the nominated luminous transmittance or spectral transmittance at around 555 nm

would be at the boundaries of the luminous transmittance categories used for spectacle lenses and eye protection,
being 8 % and 3 %.

NOTE 2  The values for nominated transmittances less than 3 % can be calculated accounting for the surface
reflections and assuming that the filter has been made thicker by the required amount given that the internal
spectral optical density is proportional to the thickness.
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Table 4 — Permitted limits of spectral transmittance for the luminous transmittance, 7, and/or
the spectral transmittance, 7(1), at around 555 nm of the darker filter

Limits of 7, or 7(1) %
7, or 7(A) % in the region of 555 nm 450 nm to 650 nm
upper lower
15 +2,8 -3,7
14 +2,7 -3,5
13 +2,6 -3,4
12 +2,5 -3,2
11 +2,4 -3,1
10 +2,3 -29
9 +2,2 =27
8 +2,1 2,5
7 +1,9 -2,3
6 +1,8 -2,1
5 +1,6 -1,8
4 +1,5 -1,5
3 +1,1 -1,2

8 © IS0 2023 - All rights reserved
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A1l

Sphgrical reference lenses that meet the requirements given in 4.2 can be manufacturédb
the:.[ﬂlowing specifications and procedure.

To
mas

A.2| Selection of glass

To mhanufacture spherical reference lenses using this method; precision grade homogeng
glas$ should be used.

The [refractive index should be known to an accuracy ofat least +2 x 10-4. GlassV) should
with a refractive index around n, = 1,525 + 0,001; n4 =@,523 + 0,001 - see ISO 7944. The Al
shoyld be 59 + 4.

A.3| Design and selection of parameters

The
is fo

For ¢ach nominal back vertex pewer, a nominal back surface power is given. The nominal |
bacK surface is found by using the formula given in the Note to entry to 3.8.

Forrpula (A.1) for back vertex power, Fy,, as a function of the four variables, front surfa
curviature, back surfaceiradius of curvature, refractive index of the lens material, and
thickness, is as follows:

whe

IS0 9342-1:2023(E)

Annex A
(informative)

Design of spherical reference lenses

General

anufacture reference lenses according to this annex, the manufacturer will need a

hominal radius of the back surface.(i:¢: the surface that is put onto the lens support of th
ind by using Table 1.

y observing

selection of

fer reference surfaces against which the reference lens surfaces can be checked using standard
predision optical techniques.

ous optical

be selected
bbe number

e focimeter)
adius of the
re radius of

centre lens

(A1)

Fov =(n1) ﬁn_lj—(%]

re

Fy, is the back vertex power (in D or m1);

re is the radius of curvature of the front surface (in m);
rp, isthe radius of curvature of the back surface (in m);
t isthe centre thickness of the lens (in m);

n isthe refractive index of the lens material at a reference wavelength.

1) Barberini glass N-K5 is an example of a suitable, commercially available, product. This information is given for
the convenience of users of this part of ISO 9342 and does not constitute an endorsement by ISO of this product.
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and the Cartesian sign convention is adopted, i.e. radii are regarded as positive, if their centres of
curvature lie in the direction of travel of the light from the respective surfaces.

Formula A.1 is re-arranged to give Formula A.2 for finding the front surface radius of curvature when
the back vertex power, back surface radius of curvature, refractive index and centre thickness are

known.

n-1 n-1

Fbv

n-1

+(_

n

(A.2)

Formula A.2

power, bacl
known.

: J . : il 1 A NI 41 4 P R | 1 41 1 1
L 1S5 1C-dITdIIgCU LU gIve UL LITUId A.o 101 THIUIT g UHIC LTI T LTICKIICS S WIICIT LT UdUK VY

To design 4
calculated f{
available m
the back su

Using this §

calculated Wising Formula A.2 above. This radius value is then compared to the available master

surfaces an

Finally, For

refractive ifidex to calculate the centre thickness tolbe manufactured.

A.4 Dete

While a len

to the calcullated value, a more precise-value is needed for a reference lens. To find the precise valu

the back ve

t surface radius of curvature, refractive index and front surface radius of curvaturs
1

J‘Fw[ )

reference lens of the desired back vertex power, the value of the back surface radi
rom the surface power given in Tables 1 or 2. This radius{value is then compared tq
hster test surfaces and the master surface radius closestto the desired value is chosd
-face radius.

n-1

nd a centre thickness that is in the range specified\in Table 1, the front surface radi

 the master surface radius closest to the desired value is chosen as the front surface ra

mula A.3 is used with the selected valués' of the front and back radius and the kn

rmination of lens back verteéx power and uncertainty

5 produced using the methad given in A.2 and A.3 will have a back vertex power very

Ftex power of a referenc€ lens, it is necessary to measure the lens's actual parameters

the uncerta

The uncertginty in back vértex power of the reference lens due to an uncertainty in one of the varis

inties given in A.5.

rtex
are

A.3)

1S is
the
n as

s is
test
dius.

own

rlose

e for

with

\bles

with the other three held/constant is given by multiplying the uncertainty in that variable by the pafrtial

derivative @
by Formula

f F,, witlrréspect to that variable. The expressions for the four partial derivatives are g
e (A.4)¢0.(A.7) as follows:

oF,,

~(n-1)

iven

[A.4)

arf

n-1
re—t| —

Ry,
a I b

oF,,

_n-1

|

n

rbz

(n-1)*

ot
n[rf —t(

10

n-1

n

|

(A.5)

(A.6)
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anV _ 1 _i " (n—1)t _ FbV + (n—l)t (A7)

on n-1\ n _1YP n-1 —1\J?
rf_t[T) > n? [rf—t(u)} n’ [rf—t(n—lﬂ
n n

These formulae can be simplified by defining

n-1

n—-1
rf —t T

as tfe thickness corrected front surface power and

P = (A.8)

pb:—(n—l)

(A9)
Ty

as the back surface power.

The pack vertex power is then from Formulae A.8 and A.9:

’:bV =Pf,+Pb (AlO)

The jincertainty in Fy,, due to an uncertainty in r¢is given by Ay, as follows:

_p2
APy = - —f1 Ary (A.11)

where Argis the uncertainty in ry.

The fincertainty in Fy,, due to an uncertainty-in'ry, is given by AF,, as follows:

P 2

b

AFyorn. =——An, (A.12)
b n-1

where Ary, is the uncertainty ipy.

The pncertainty in Fy,, dye.to-an uncertainty in n is given by AF,, as follows:

F tP;Z
bv_ > f An
n-p% (n-1)

AF =[ (A.13)

where An isthe expected uncertainty in n.

The pneertainty in Fy, due to an uncertainty in t is given by AF, . as follows:

ys)

=

AR, =t At (A.14)
bvt — n .

where At is the uncertainty in t.

The total uncertainty, AF,,, associated with a reference lens that results from all four parameter
uncertainties acting simultaneously is given by their geometrical sum following Formula (A.15):

2 2 2 2
AFbV = \/AFerf + AFerb + AFth + AFan (AlS)
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A.5 Example of a calculation for uncertainty

The following case illustrates the method for calculating the uncertainty using the method given in A.4.

The nominal back vertex power of the reference lens is +15 D. It is constructed of spectacle crown
glass, ng = 1,522 49, and has a centre thickness of 5,40 mm. The radii of curvature of the lens surfaces
are ry= 34,47 mm and ry, = 510,53 mm.

This combination of parameters produces a lens with surface powers (from Formulae A.8 and A.9):

1,52249-1 D=16,02 D

P =

0,0

1)

(1;52249=
3447-0,0054
1,52249

152249-1) o

and a back y

Fb :1(

\'4

Hence the
and the una

The radii of]
no more tha

Arle
Arb=1

The refract

0,51053

rertex power of:

,02D-1,02D=15,00D

Incertainties in the measurement of the parameters found«sing their values given a
ertainty given in A.4:

curvature of the surfaces can be measured using an interferometer with an uncertain
n+1 x 10-5 m (10 um). Hence:

10> m

k 105 m

pove

[ty of

ve index of the material will typically be supplied by the glass manufacturer and shalll be

known to 0,000 2. Hence:
An=2x10*
The centre thickness can be measured with an uncertainty of £3 x 106 m (3 um). Hence:
At=3x|10-m
From Formuilae A.1kto'A.14
2
ARy, +2200% 105 p_49x107%D
f1152249-1
__ L2 s ps0x105D
Vb "1 522491 ’
1 0,0054)16,02* _ _
| 1500 ( d ) 2,010 D=6,0x1073 D
1,52249-1 (1,52249)"(1,52249-1)
12 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=8690bbe29835d96f8b69c65bca7834ce

IS0 9342-1:2023(E)

16,022

bvr = ————-3x107° D=5,1x10"* D
1,52249

The total uncertainty, AF,,, associated with a reference lens that results from all four parameter
uncertainties acting simultaneously is given by their geometrical sum following Formula (A.15):

ARy, :\/(4,9><10_3 )2 +(2,0><10‘5)2 +(6,0x1073 )2 +(5,1><10‘4)2 D=0,008 D

This reference lens therefore has a power of +15,00 D + 0,008 D which meets the requirements of Table 1,
whidhallows an uncertainty ot 0,02 D.
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Annex B
(informative)

Design and/or validation of prismatic reference lenses

B.1 Usinf the apical angle
B.1.1 General
Prismatic rg¢ference lenses that meet the requirements given in 4.3 can be manufactured by obsernving

the following specifications and procedure.

To manufafture prismatic reference lenses complying with 4.3, the manufacturer will need to
manufacturle or measure the apical angle and know the refractive index (e line and/d line - see ISO 7p44)
with sufficipnt accuracy and precision to comply with the prismatic deviations-and tolerances.

B.1.2 Selection of glass

See A.2.

B.1.3 Steps in the design

The two sugfaces should be flat and inclined at the apical angle, a, to give a deviation, 6, with a refrag¢tive
index, n.

Key
a apicaljangle

6 angle pf-deviation of light

Figure B.1 — Deviation of light by a thin prism

By Snell's Law, sin(a + §) = nsin a
which when rearranged gives:

sind
tano=————
n—-coso

The highest permissible uncertainty on refractive index in A.2 of +2 x 10-4 represents less than 0,04 %
change in deviation. The permitted tolerance varies from 1 % at 22 to 0,75 % at 204, so the contribution
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of uncertainty in the value of n to the value of d may be considered negligible and only the uncertainty
in the value of @ need be accounted for.

By comparing the apical angles required for prismatic powers of § and (6 +Ad), the uncertainty required
in a is given by

Aa = apical angle for deviation 6 - apical angle for deviation (6+Ad)
= |arctan (sin §/(n-cos §) - arctan (sin (6 +A8)/[n-cos (6 +Ad)]|

The calculated values for the nominal powers in Table 3 are shown in Table B.1.

Table B.1 — Uncertainties in apical angle for prismatic reference lenses

Prismatic power and Apical angle * uncertainty
uncertainty
A A degrees

2+0,02 3,82 £0,04 2,19 £ 0,02
5+0,03 9,52+ 0,06 5,44 +£.0,03
10 £ 0,05 18,84 + 0,09 10,67+70,05
15+0,10 27,28+0,17 15,52 + 0,09
20+0,15 36,16 £ 0,24 19,88 + 0,12

B.2| Direct measurement of deviation

B.2.1 General

Assdssment of the actual value of deviation-ef prismatic reference lenses can be carrigd out quite
simply. To verify prismatic reference lenses:as complying with 4.3, a direct measurement of{the angle of
deviption as a lateral displacement, x, in.¢m at a known distance, y, in m is made.

b (cm/m or A) = x (cm)/y (m)

Key

X displacement, in cm

y longitudinal measurement distance, in m
) angle of deviation of light

Figure B.2 — Deviation of light by a thin prism expressed as a lateral displacement
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