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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.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fof]
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

This document specifies the method to determine the refractive index of optical glasses with the
V-block refractometer. Some explanation of the V-block refractometer can be found in Reference [3].
The refractive index of optical glasses is the most important characteristic for the optical elements
manufactured from them.

Regarding the standardization of the method of refractive index measuring method of optical glasses,
the minimum deviation method is defined as ISO 21395-1.

Thgmimimum deviation method 15 Most accurate 1N refractive IndexX measurement bur Tequires an
advpnced technical skill to prepare a specimen with a precise shape and to measure the refrattive index.

In dontrast the V-block refractometer method is easier and faster when preparingla spdcimen and
reqpires less technical skill for measurement. Therefore, this method is commonly used| by people
cherking the quality of the optical glass products on a daily basis.

Thif document is intended to aid in measuring the refractive index of optical glasses accurately and
impgroving the communications between raw optical glass suppliers and(optical element marufacturers
as well.

© IS0 2022 - All rights reserved v
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Optics and photonics — Test method for refractive index of
optical glasses —

Part 2:
V-block refractometer method
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For
ISO

ISO

Scope

5 document specifies a method to determine the refractive index of optical glass/with th
nin 3 x 10-5 at the wavelength range from 365 nm to 2 400 nm by using the\Vblock ref
hod.

le this document can be used for non-glass materials, the user is informed that only o
been considered in the development of this document, and other'materials can have iss
e not been taken into consideration.

Normative references

following documents are referred to in the text in.such a way that some or all of th
Ktitutes requirements of this document. For dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

280, Essential oils — Determination of refractive index
9802, Raw optical glass — Vocabulary,

21395-1, Optics and photonics —Test method for refractive index of optical glasses — Part
ation method

80000-1, Quantities and units — Part 1: General

80000-3, Quantities and-units — Part 3: Space and time

Terms and<definitions

the pupposes of this document, the terms and definitions given in ISO 9802, IS
80000-3.and the following apply.

and1EC maintain terminological databases for use in standardization at the following adg

e accuracy
ractometer

ptical glass
ues, which

Pir content
pplies. For
[s) applies.

[: Minimum

) 80000-1,

dresses:

3.1

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

V-block prism
prism manufactured from optical glass material with a known refractive index

3.2

refractive index matching liquid
transparent liquid having the refractive index close to that of the specimen

© IS0 2022 - All rights reserved
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4 Principles

As shown in Figure 1 a), when a beam aligned perpendicular to the entrance face transmits through
the V-block prism, it is refracted at the interface between the V-block prism and the specimen and exits
from the exit face nominally parallel to the entrance face. The relationship among the deviation angle
of the emergent beam to the incident beam, y, the relative refractive index of the V-block prism to the
measurement atmosphere, N, and the relative refractive index of the specimen to the measurement
atmosphere, n, is expressed by the following Formula (1):

2xn? —N? —\3xN%—2xn?

'}/ =arcsin (1)
2

where

n is the relative refractive index of the specimen to the measurement atmosphete;

N is the relative refractive index of the V-block prism to the measurement atniosphere;

y is the deviation angle.
NOTE IIn general, the symbol of the refractive index is the lowercase n. Howewver, this document intentiorjally
uses the caglital letter N for the relative refractive index of the V-block prism tg,make it more distinct from thht of
the specimgn.
The sign of the deviation angle of the emergent beam shall be positive (+) for upward deviation (thdt is,
n > N) and negative (=) for downward deviation (n < N) respectively, relative to the incident beam.
Therefore,|by measuring y, n can be obtained by calculatiomn.
This princ:rle is also applicable when the incident beantangle is controlled so that the emergent beam is
perpendicylar to the exit face of the V-block prismTherefore, as shown in Figure 1b), it is also posdible
to calculate the refractive index based on the measurement result of the deviation angle of the incident

beam to th

7.2.6 provi

e emergent beam.

Hes the formula for the calculation of n.

© IS0 2022 - All rights reserved
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//\ / \\\

A 1 2 3 L 1 2 3

a) Deviation angl(; ir(rilgasurement on exit b) Deviation angle measurement on entfance side
Key]
1 | specimen (with relative refractive index, n) 6  emergent beam
2 | V-block prism (with relative refractive index, N) 7  refractive index matching liquid
3 | exitface y <¢deviation angle
4 | entrance face aly n>N.
5 |incident beam b n<N.

Figure 1 — Principle of V-block method

In drder for Formula (1) to satisfy thexrequired tolerance indicated in Clause 1 (i.e., withig 3 x 1075),
the|shape of the V-block prism and’the specimen shall be manufactured following to 56 and 6.1,
respectively.

5 |Measuring equipment

5.1 General

Thg measuringequipment is composed of the elements and instruments shown in Figure 2.

©1S0 2022 - All rights reserved 3
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Key

1  specim|
2 V-block
3 lightsg
4  bandpg
5 slit

prism
urce
ss filter

en or origin point reference block

O© 0 N O

collimator lens

telescope

refractive index matching liquid
deviation-angle theasurement device (scale plate)

10 detector (o human eye)

Figure 2 — Outline of V-block measurement equipment

Figure 2 illustrates the configuration in which the direction of the incident beam is fixed as sh¢gwn

in Figure
measurem

The detaild

5.2 Light source

The source
rubidium,
lines show
wavelengtl
V-block pri

It is permi
or a light g

of the components are described in 5.2 to 5.10.

ssible(to use a light source having a wavelength different from those specified in
ource combining a continuous spectral light source and a monochromator/bandpass fi|ter.

| a). When measuring the deviationtangle in the case of Figure 1 b), the deviation-apgle
bnt device (Key 8) shall be attachedrot to the telescope but to the light source.

s of the spectral/optical radiation should be discharge lamps of mercury, hydrogen, heljum,
Caesium or cadmium, or the He-Ne or Nd:YAG laser specified in ISO 7944[1l. The spedtral
h in Table 1 as'the measurement wavelength are used with the bandpass filter of respecfive
1(s). It is necessary to select the light source considering the light transmittance of
sm and the specimen.

the

Tab ‘e 1,

However,

alternative light sources.

Table 1 — Wavelength and spectral light source

the wavelength deviation due to the Iinite bandwidth shall be considered when using

Wavelength Spectral line Light source
nm
365,01 i Mercury discharge tube
404,66 h Mercury discharge tube
435,83 g Mercury discharge tube
479,99 F' Cadmium discharge tube

© IS0 2022 - All rights reserved
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Table 1 (continued)
Wavelength Spectral line Light source
nm
486,13 F Hydrogen discharge tube
543,5 - He-Ne laser
546,07 e Mercury discharge tube
587,56 d Helium discharge tube
632,8 - He-Ne laser
643,85 c' Cadmium dischargd tube
656,27 C Hydrogen dischargg tube
706,52 r Helium disclrarge fube
780,00 - Rubididny dischargg tube
852,11 S Caésium dischargelftube
101398 t Mercury discharge|tube
1064,1 - Nd:YAG laser
1128,66 - Mercury discharge|tube
13951 - Mercury discharge|tube
1529,6 - Mercury discharge|tube
18131 - Mercury discharge|tube
5.3| Bandpass filter
Theg bandpass filter transmits only the desired wavelength of light by blocking the light of uhnecessary
wayelengths.
5.4 Slit
The slit adjusts the width of the incident beam.

5.5
The

5.6

The
the

manufactired from a glass where the refractive index is known with an accuracy of at leas

acc

Collimator lens

collimator lens changes the divergent beam into a parallel beam.

V-block prism

function-ef the V-block prism on which the specimen is placed is to keep the deviation
emergent'beam relative to the incident beam within a measurable range. The V-block pri

rding to the measurement method of ISO 21395-1. The refractive index of the V-block

angle, y, of
sm shall be
t 1,0 x 10-5
brism shall

1 1 1 1 1 L > 1 1 1 L > : 1 1. Lc 1 1 XLl .
be setectedsothatthedeviation dITgIT UUE (U UIT TEITdCIVE IIIUEX UITTETTIICE DECWETTT UITE Vblock prism

and a specimen falls within the range of +45°. The shape of the V-block prism is shown in Figure 3.

NOTE

requires a value of 6 digits or more after the decimal point.

©IS

02022 - All rights reserved
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o/// 2
> Q>
y X
i | —— - —
z 0 WwR
v/
~X
Key
1 entrance face hy  height
2 exit fhce Wy width
ay,;  angldof V-shaped faces wr  rollangle

ay, angldbetween V-shaped face and entrance or exit face w;  tiltangle
E, laterdl edge wp  panangle
dy  thickhess

Figure 3 — V-block prism

The requirgd accuracies of the V-block prism are as follows:

a) The angle ay, of V-shaped faces shall be within90° + 5". The angles ay, between V-shaped face pnd
entranice or exit face shall be 45° + 5";

b) The ddgree of parallelism between the'entrance face and the exit face shall be within £5";

c) The entrance face, exit face and V=shaped surface shall be polished with the flatness approximajtely
A/2 at the measurement wavelength A;

d) Thero]l angle wy concerningthe incident beam optical axis on the V-shaped surface shall be within
20"

If it is diffigult to obtain’sixch a fine-shaped V-block prism, a method shown in Annex C can be used,[but
in that cas¢ the calculation of the refractive index of the specimen is more complicated.

5.7 Origin-point reference block

The originip e g it
on the V—shaped face of the V block prlsm The orlgm pomt reference block and the V block prlsm shall
be manufactured from the same glass lump, and the difference in refractive index between the two
shall be within 5 x 10-6. The shape of the origin point reference block is specified in 6.

5.8 Telescope

The telescope captures the emergent beam from the exit surface of the V-block prism and forms an
image of the light at the measurement wavelength on the detector. It can be rotated around a rotation
axis close to the V-block prism.

It can include an auto-collimation function. Annex B explains the composition of a telescope with an
auto-collimation function.

6 © IS0 2022 - All rights reserved
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Detector

The detector detects the light of the measurement wavelength as an image or a strength signal. Instead
of using a detector, the light may be detected by looking into the telescope with the human eye.

5.1

0 Deviation-angle measuring device

The deviation-angle measuring device measures the deviation angle between the incident and the
emergent beam. The resolution of the angle reading on the scale plate shall be smaller than 2”.

5.1

The
poil
be (
refy

1 Relractive index matching liquid

refractive index matching liquid shall be used to fill the air gaps between the spe¢inten|
it reference block) and the V-block prism. The refractive index value of the matchihg lig

active index matching liquid.

6 [Shapes of origin-point reference block and specimen
6.1 General
The shape of the origin-point reference block and the specimen.are shown in Figure 4.
—
™
«
A~ \\ 1
- —

3y N
Key
1 | contact face with V-bloek prism
a, | apexangle
E; | lateral edge
d, | thickness

Figure 4 — Origin-point reference and specimen

6.2 Apex angle

The apex angle shall be within 90° + 2'.

6.3

Contact face with V-block prism

(or origin-
uid should

lose to that of the specimen. Annex A provides the information about the selection of dppropriate

The contact face through which the beam is transmitted shall be fine ground and flattened sufficiently.

©IS

02022 - All rights reserved


https://standardsiso.com/api/?name=108c851089f4c8a2a530bc22c9570193

ISO 21395-2:2022(E)

7 Measurement method

7.1 Measurement environment

7.1.1 Temperature

The ambient air, the V-block prism, the refractive index matching liquid and the specimen shall
have a temperature between 20 °C and 25 °C with a fluctuation within #1,0 °C. When the refractive
index temperature coefficient of the specimen is estimated to be more than 1,0 x 10-5/K or less than

-1,0 x 10->

K, the temperature fluctuation should be within +0,5 °C in order to measure with high

accuracy.

7.1.2 At

The atmos
during the

mospheric pressure

bheric pressure should be maintained between 86 kPa and 106 kPa and the fliictuation ra
measurement should be within #1 kPa.

7.2 Measurement

7.21 Ge

In the follo
beam is fix]

Even if thg
the same d

Figure 2.

7.2.2 Pr

neral

wving subclauses, the measurement procedure is described when the direction of the incig
ed as shown in Figure 1 a) and Figure 2.

xcept that the position of the light source is adjusted instead of the telescope indicate

aparation for measurement

Select a V-bblock with the specification shownifi)5.6 and install it.

In addition
specimen 3

7.2.3 Se

Place the ¢
and the V-}

Inject the i
the exit fa
detecting 1

, the material of V-block prism should be selected according to the refractive index off
t the d line (587,56 nm).

[ting of deviation-angleorigin point (0°)

lock prism withythe appropriate refractive index matching liquid.

hcident beanrinto the entrance face of the V-block prism, and detect the emergent beam f

haxjrimam light output as the deviation-angle origin point (0°) for future measurements.

Figure 5 sh

nge

lent

angle of the incident beam is variable as shown>in Figure 1 b), the procedure is alnpost

1 in

the

rigin-point reference block on the V-block prism, filling the air gaps between the specimen

fom

e of the.prism by rotating a telescope with a light detector. Set the angular position when

ows an arrangement for setting the deviation-angle origin point.

© IS0 2022 - All rights reserved
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9 10
2
Key
1 | origin-point reference block 6  collimatordens
2 | V-block prism 7  refractiye.index matching liquid
3 | light source 8 devidation-angle measurement device (scale plate)
4 | bandpass filter 9  telescope
5 |slit 104 “detector (or human eye)

Figure 5 — Schematic diagram.of setting the deviation-angle origin point

7.2/4 Adjustment of V-block prism

The V-block shall be adjusted bywsing an autocollimation method so that the emergent bean is aligned
perpendicular to the exit face-0f'the V-block prism. Specifically, the positioning tolerance of pan angle
and| tilt angle of V-block prisi, which are shown in Figure 3 as wp and wq, shall be withif 1" and 4”,
respectively.

Annex B provides further details of the telescope with an autocollimation function.

7.2/5 Measurément of deviation angle

Figliire 6 shows a schematic diagram for the deviation angle measurement.

Plage the specimen on the V- block prlsm f1111ng the air gaps between the specimen and the V-block

£+l £. L 1 |
pI‘Lux VWItIT CIIC~apprupTt tate-retractive llluCA AllaLLlllllE TTOTUS

Inject the incident beam perpendicular to the incident face of the V-block prism and detect the emergent
beam from the exit face of the V-block prism by rotating a telescope with a light detector. The difference
between the angular position of maximum light output and the previously obtained origin point is the
deviation angle for this specimen.

©1S0 2022 - All rights reserved 9
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Key

1 specimen

2 V-block prism

3 light pource

4 bandpass filter

5 slit

6 collithator lens

7.2.6 Calculation of refractive index

Calculate t

n=\N

10
11

refractive index matching liquid

deviation-angleymeasurement device (scale plate)
telescope

detector (or human eye)

deviation-angle origin point

deviation angle

Figure 6 — Schematic diagram ef.the deviation angle measurement

he refractive index by the/following Formula (2):

g +sinj/><\/N2 —sinzy

s the relative refractive index of specimen to the measurement atmosphere;

s the relative refractive index of V-block prism to the measurement atmosphere;

where
n i
N i
y i

s the deviation angle.

8 Indication

Indicate the calculated refractive index with five digits or more after the decimal point.

9 Testreport

The report shall specify the following:

a) areference to this document, i.e. ISO 21395-2:2022;

10

(2)

© IS0 2022 - All rights reserved
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b) the method used (Clause 7 or Annex C or Annex D);

c) details to identify the specimen;

d) temperature and atmospheric pressure for which the refractive index value is valid;
e) measurement wavelength;

f) refractive index value of the specimen;

g) deviations from the procedure;

h) |unusual features observed;

i) |date of the test.

©1S0 2022 - All rights reserved 11
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A.1 Gen,

Annex A
(normative)

Refractive index matching liquid

ral

Annex A 7y
refractive
index as th
line. Since
indices are

A.2 Refi

The refrac
or shall be

Table A.1 p
value. The

ndex matching liquid is a transparent liquid having the same, or sufficiently close; tefrac
e specimen. The reference refractive index shall be the refractive index at the Fraunhof]
the refractive index is measured at multiple wavelengths, it is preferable that-the refrac
known at multiple wavelengths.

ractive index matching liquid

ive index matching liquid used shall be a liquid whose refractive index is known in adva
determined by using the method shown in ISO 280.

rovides the examples of general refractive index matching liquids and their refractive in
isted liquid may be blended to obtain the desired refractive index.

Table A.1 — General refractive index matching liquids

rovides the information about the selection of the refractive index matching dguidl. A
tive
er d
tive

nce,

dex

Name ng or npat 20 °C
Liquid paraffin 1,47
Cedar oil 1,51
1,1,2,2-tetrabromoethane 1,63
1-bromonapthalene 1,66
Diiodomethane 1,74
Saturated sulfur solution in diledomethane 1,78
NOTE q of commercially.available refractive index matching liquids are commonly in the range of 1,40 to
1,78.
A.3 Selgction method of refractive index matching liquid
The apicalfangledeviation of the specimen and the difference in refractive index between the specimen
and the rdffactive index matching liquid affect the measurement accuracy of the refractive irfdex

determined by the V-block method. In general, the coefficient that shows the effect of these two factors
on the measurement accuracy is expressed by the following Formula (A.1):

(A1)

K=AagxAngy
where
K is the coefficient which expresses the effect on the measurement accuracy (in arc min);
Aag is the apex-angle deviation (in arc min) of the specimen;
An is the absolute value of the difference in refractive index between specimen and refractive

oil

12

index matching liquid.

© IS0 2022 - All rights rese
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The relationship between the measurement accuracy ¢ of the refractive index and the coefficient K is

exp

ressed by the following Formula (A.2):
K
E=—-—
2000’

(A.2)

To measure the refractive index with an accuracy & of 3 x 105 or less, K < 0,06’ is required. The
relationship between Aa, and An;; which satisfies K< 0,06" is shown in Table A.2.

Thd
diff}
foll

a)

b)

Hov
cau
spe
Sin
the

Table A.2 — Relationship between Aa, and An; to satisfy K < 0,06’

Aag Angy
2' 0,03 orless
1' 0,06 or less
0,5' 0,12 or less
0,2' 0,3 or less

pwing two points shall be noted;

order to measure the refractive index of the specimenvith the accuracy within 3 x 10-5

matching liquid.

vever, as an exception, the method shown in Annex D may be used without considering
Lions if there is a reference materialwhose refractive index is known and whose value is
Cimen.

e the refractive index of the.refractive index matching liquid varies significantly with te
temperature shall be closely monitored.

refore, the refractive index matching liquid shall be selected in ¢onsideration of the
erence in refractive index calculated from the apex angle deviation-of the specimen. Sped

When an appropriate refractive index matching liquid camiot be obtained and An; ex
the apex angle deviation of the specimen Aa, shall be smaller than 2’, which is specifig

To measure the refractive indices at multiple wayelengths, the selection of an appropriatg
index matching liquid for each measurement ‘wavelength should be selected because
difference between the dispersion characteristics of the specimen and that of the refra

allowable
ifically, the

ceeds 0,03’
d in 6.2, in

e refractive
there is a
ctive index

above two
Close to the

mperature,
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B.1 Gen

Annex B
(informative)

Telescope with autocollimation function

ral

This annex
to determi
and the pa

B.2 Configuration

Figure B.1
the V-blocK

The telescq
is reflected
telescope 1
aroundar

prism.

describes a telescope with an autocollimation function. In general, such instrument is u
he angles for reflecting surfaces. In this standard, it is used to determine the tilt angle
h angle wp, as described in Figure 3.

provides an example of a telescope with the autocollimation function;in the relationship v

pe deflects the light from the reticle (item 6) to form an imageé in infinite distance. The b4
by the exit face (item 2) of the V block prism (item 1). The reflected beam is captured by
bns (item 3) to form an image on the detector (item 9):. The whole telescope can be rotz:
btation axis close to the V block prism (item 1).

8

sed
(VA

vith

bam
the
ted

s/
T\

|

1 G L Q]
1

Key
1  V-block prism 6 reticle (or slit)
2  exitfade 7 light source for autocollimation
3 telescopedens 8 focusing lens (or eyepiece)
4  beam splitter (or half mirror) 9 detector (or human eye)
5 reticle

Figure B.1 — Telescope with autocollimation function and the relationship with V-block prism

14
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Annex C
(normative)

Alternative measurement

C.1—General

Thif annex describes a measurement and refractive index calculation method allowing the use of a
V-block prism manufactured to lower tolerances, less adjustment effort and avoids|the nlecessity of
an ¢rigin-point reference block. It requires a more complicated calculation for the resulting refractive

index.

Thif method takes into account the difference of the refractive index matehing liquid and ijaccuracies
in the fabrication of the V-block prism and the specimen. This means that the same refraftive index
matching liquid can be used through the whole spectrum range 365,0&nm to 2 325,4 nm, removing the

resfrictions of A.3.

C.7|describes the evaluation procedure considering non-ideak V-block-, specimen- and fdjustment
angles in detail. The calculation is based on adding/subtracting angles and calculations a¢cording to

Snell’s law of refraction.

C.2 Principle

Key

1 |spécimen y;1 incident beam angle

2 V-block prism Y emergent beam angle

3 incident face w, normal angle of the exit face

4 exitface ay, angle of V-shaped faces

5 incident beam ay, V-block angle, entrance face

6 emergentbeam ay; V-block angle, exit face

7  refractive index matching liquid a,  apex angle of the specimen
Figure C.1 — Measurement principle

Measuring the

— incident angle, 1,

© IS0 2022 - All rights reserved
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— exitangle, y,,

— normal angle of the exit face, wg,

and knowing the

— absolute refractive index, N, of the V-block prism,

— absolute refractive index, n,, ., of the refractive index matching liquid,

— refractive index, n.;, of the ambient air,

air

— angle, pryy, of the V-shaped faces,

— angle, ry,, of the opposite V-block faces at the incident side,

— angle, ry;, of the opposite V-block faces at the exit side,

— apex apgle, a,, of the specimen,

from the prior separated measurement or datasheet, the beam path can be calgtilated
— forwaids from the incident beam to the entrance face of the specimen,

— backwprds from the emergent beam to the exit face of the specimen;

thus achieying finally the incident angle 65 at the entrance face ofthe specimen and the emergent bgam
angle 6’; af the exit face of the specimen, shown in Figure C.2.

From the yalues 05, 8%, a; and n
described in C.7.

| the refractive index(n, of the specimen can be calculategl as

abs,oi

Key
1 specimen
a; apex pngle of the.specimen

65  incident beanrangle to the specimen
6’, emergentbeam angle to the specimen

Figure C.2 — Incident and emergent beam angles to the specimen

C.3 Measuring equipment

C.3.1 General
The measurement equipment is very similar to the equipment described in Clause 5, but a translation

stage to move the V-block prism in precisely controlled manner is also required. Furthermore, the
telescope needs to be equipped with an autocollimation function as described in Annex B.

16 © IS0 2022 - All rights reserved
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%

10
Key
1 |specimen 6  collimator lens
2 | V-block prism 7  refractive’jndex matching liquid
3 | light source 8 translation stage
4 | bandpass filter 9  dewiation angle measurement device
5 |slit 10 ‘telescope with autocollimation function

Figure C.3 — Outline of V-block alternative measurement equipment, side view

2° \HT_T_;‘
U':_:' ::ﬂ

N
Y

! N \
1
1 \ L]
2° 7 8
Key
1 |specimen 6  collimator lens
2 | Veblock prism 7  translation stage
3 Tlightsource 8 telescope with autocollimation function
4  bandpass filter a2 In measurement position.
5 slit b In reference position.

Figure C.4 — Outline of V-block alternative equipment, top view

C.3.2 Angles between faces
The angles, ay4, ay, and ay3, shown in Figure C.1 shall be known with an accuracy of better than +1”.

The angle, ay4, shall be manufactured within 90° + 5, as described in 5.6.

©1S0 2022 - All rights reserved 17
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The values of the angles, ay, and ay3, are of low importance as they are considered in the refractive
index calculation procedure. It is recommended to manufacture these angles to 45° £ 5’.

The degree of parallelism between the entrance face and the exit face is of low importance as the angles,
ayy, @y, and ay3, determining this degree of parallelism is considered in the refractive index calculation

procedure.

It is recommended to manufacture this degree of parallelism to 0° + 5.

C.3.3 Precision of the translation stage

C.3.3.1 Positioning precision in direction of travel,

The positi(I)ning error in direction of travel shall be smaller than 1/10 of the specimen thicknéss

as shown i
error shall

C3.3.2 P

The moven

specificatipns stated in 5.6. The guidance accuracy of the translation stage shall be sufficient to ens

this.

C3.33 T

The tilt an
of lower in

C.4 Sha

The apex a
transmitte

C.5 Refi

The refrac

C.6 Meg

be smaller than 1/10 of the width of the slit.

an and roll angle

nent of the translation stage shall not cause a pan angle, wy, or roll angle,wyg, larger than|

ilt angle

rle, wr, is measured and considered in the evaluation ealculation, hence, its absolute valy
ferest. It is recommended to keep it within +1°.

pes of the specimen

hgle, ag, of the specimen and the contact faces to the V-block prism through which the lig]
d shall be prepared as described in 6.3

ractive index matching liquid

ive index matching liquidrshall be selected according to Annex A.

surement procedure

The measurement procedus€ is close to the method description in Clause 7. Differences are the inser
of the following steps before the measurement of the deviation angle:

— Move the V-block prism out of the beam path as illustrated in Figure C.4, position 2P and meag
the angle, y7of the incident beam. Ideally, this angle, y4, is zero. Different from the descriptio
7.2.2, there is no need to adjust the position readout at this point and there is no need to uss

d

s’

h Figure 4. In case a specimen selection slit (see Figure D.2, item 7) is used, the pgsitioning

the
ure

eis

©t is

Fion

ure
h in
P an

originipetrtreference:

as illustrated in Figure C.4, position 22.

After having set the deviation-angle origin point, move the V-block prism back into the beam path

Then measure the normal angle wg of the exit face using the autocollimation function of the telescope.

Ideally, this angle w is zero. Different to the description in 7.2.3 there is no need to adjust the prism.

Then the measurement continues with determination of the deviation angle y as described in 7.2.5.

18
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Evaluation

C.7.1 Face numeration

To write down the necessary formulae in a useful manner, the optically relevant faces are numbered
starting with F; at the entrance face of the V-block prism to Fg at the exit face of the V-block prism as
shown in Figure C.5.

Fe

Key]

Bow N R

C.7
Rel

ANt/

3 2 L
specimen 5 incident beam
V-block prism 6 emergent beam
entrance face 7 refractive index matching liquid
exit face Fito F,  optically relevant faces

Figure C:5 — Face numbers

2 Angle and refractive index-definitions

ted to each face F; (i = 1 to ) there is

a tilt angle, w;, from th€ syStem axis to the line normal to F;,

a deviation angle, ¢;frfom the system axis to the incident beam,
an incident angle; 0, from the face normal to the incident beam,
arefractive’index, n,, at the incident side of the face,

an exitangle, 6, from the face normal to the emergent beam.

All

hfigles are positive if counter clockwise and negative if clockwise, as illustrated in Figure

 C.6.

The refractive index and the deviation angle at the exit side are related to the next face, hence bearing

the

index “i + 1” in Figure C.6.

© IS0 2022 - All rights reserved
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Key
Z system axis F; i-th optically relevant face
p; line jormal to F; ; tilt angle of F;
Naps; absolute refractive index at incident side of the  n,,s ;.1 absolute refractive jndex at exit side of the fgce
face
Vi bean] deviation at incident side of the face F; Yie1 beam deviation at exit side of the face F;
0, incidgnt angle as to Snell’s law 0’; exit angle-asto Snell’s law
Figure C.6 — Angle and refractive index definitions
Table C.1 — Defaultyideal values
i medium at incident side Napsri G dela I (i delal)
1 atmosphere (air) Nair 0° 0°
2 V-block prism N, (V-block prism) +45° 0°
3 Fefractive index matching liquid Nabs,oil +45° -
4 specimen N, (Specimen) -45° -
5 refractive index matching liquid Nabs,oil -45° -
6 V-block prism N,y (V-block prism) 0° -
7 afpmosphere (air){(no face defined) Nair - -
C.7.3 Calculation'of V-block prism face tilt angles w{, w,, ws, wg
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Xy

1 V-block prism

oN tilt angle of F; (entrance face of V-block prism)
Wg tilt angle of F (exit face of V-block prism)

ay,| angle of V-shaped faces

ay, | angle between V-shaped face and entrance face
ayz| angle between V-shaped face and exit face

Figure C.7 — Angles at V-block prism

From the measured tilt angle ¢4 the tilt angles of the V-block(faces can be calculated using Formulae (C.1)
to (£.3). The angles ay;4, ay,, and ay3 are always positivégideal ay, = 90°, ay, = ay3 = 45°.

0)5 :a)6 _av3 (Cl)
wz :a)5 - Otv1 (CZ)
0)1 =a)2 —avz (C3)

C.7}4 Calculation of specimen face tilt angles, w; and w,

©1S0 2022 - All rights reserved 21
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