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Foreword

[SO (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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
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Introduction

Optical glass is widely used in optical devices such as cameras, telescopes, and microscopes, and its refractive
index is measured by the minimum deviation method (see ISO 21395-1) and the V-block refractometer
method (see ISO 21395-2[4]). Here, when designing an optical apparatus that requires high resolution, it
is necessary to consider the temperature change of the refractive index of the optical glass in the usage
environment, however up until now, there is no International Standard. In view of the above situation,
this document proposes a method for measuring the temperature coefficient of refractive index of optical
glass with high accuracy, aiming to help mutual understanding of measured value users and contribute to
efficiency and fairness.

© IS0 2024 - All rights reserved
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Optics and photonics — Test method for temperature
coefficient of refractive index of optical glasses —

Part 1:

Minimum deviation method

1 Scop

This docu
refractive

using the minimum deviation method.

The intend
The intend

The intend

W

ment specifies the measurement method used for calculating the temperature. coeffid
index by measuring the refractive index, which changes with the temperature of the o

ed temperature range for the specified measurement method is -40.°C to +80 °C.
ed wavelength range for the specified measurement method is,365 nm to 1 014 nm.

ed accuracy for the specified measurement method is 1 x 406 K1

2 No

r:\]l
The followling documents are referred to in the text in such‘away that some or all of their content ¢

requireme
the latest ¢

[SO 21395
deviation 1

3 Term

For the pu
ISO and IE

IECEI

3.1
temperat

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

ative references
nts of this document. For dated references, only the edition cited applies. For undated 1§
edition of the referenced document (including any amendments) applies.
1:2020, Optics and photonics — Test method for refractive index of optical glasses — Part }
hethod

s and definitions

Fposes of this document, the following terms and definitions apply.

bctropedia;tavailable at https://www.electropedia.org/

ire coefficient of refractive index

C maintain terminology databases for use in standardization at the following addresses:

ient of the
tical glass

onstitutes
eferences,

: Minimum

ratio of re

salactad wavalanath
erecteoavwyarvere gt

TTIrerecrrortr

Note 1 to entry: Similar to ISO 9802[21,

3.2

temperature coefficient of absolute refractive index

An,, /AT

ratio of refractive index change in vacuum to temperature change at a selected wavelength

[SOURCE: IS0 9802:2022[2], 3.4.2.3]

© IS0 2024 - All rights reserved
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temperature coefficient of relative refractive index

An_ o /AT

ratio of refractive index change at an air pressure of 1,013 3 x 105 Pa and a relative humidity of 0 % to
temperature change at a selected wavelength

[SOURCE:

1S0 9802:2022[2], 3.4.2.4, modified — 1,013 3 x 10° Pa and a relative humidity of 0 %.]

Note 1 to entry: This definition of An_/AT is for a specific pressure and humidity. An_, /AT can be calculated for any

other press

ure and humidity by understanding the index of air in those conditions.

3.4

thermal chamber

chamber Where the Temperature of the Specimen can be cianged and maintained to a preset temperature

4 Pringiple

As shown fin Figure 1, a specimen prism is placed in a thermal chamber. The temperature of thg specimen
prismis canged from T, to T, or from T, to Ty, and the refractive index of the spe¢imen prism is measured at
the temperatures of T; and T, respectively, in accordance with the method deseribed in ISO 21395-1 to find
the tempefature coefficient of refractive index. Figure 2 shows the concept of,calculating this temperature
coefficient of refractive index.

NOTE 1 n this document the term “light” is used to describe not only optical radiation visible to the huipan eye but
also radiatipn in the infrared and ultraviolet spectrum.

NOTE 2 n this document, all temperature symbols are represented\py "T". The original symbol for temjperature in
ISO 80000-p is "t" or "9 " for temperature in Celsius degrees, and "T.' for absolute temperature.

NOTE 3  Alternatively the measurement principle according\to’Annex C can be applied.

Key

1 lightsource 7  thermal chamber containing the specimen prism
2 collimator 8  specimen prism

3  incident light 9  transmitted light

4  goniometer containing the telescope and detector 10 telescope

5  window 11 detector

6  rotating stage containing the thermal chamber 12 thermometer

Figure 1 — Measurement set-up with thermal chamber

© IS0 2024 - All rights reserved
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An _ M=
AT T,-T,

Key
X ten
Y ref]
T, T, ten
nq ref
n, ref
Figur
5 Meas
5.1 Gon

hperature

ractive index

hperature of specimen prism

ractive index of specimen prism at temperature T;
ractive index of specimen prism at temperature T,

e 2 — Conceptual diagram for calculation of temperature coefficient of refractive

uring apparatus

iometer

The goniometer shall be in accordance with ISO 21395-1:2020, 5.2.

index

shown in

ures to be

5.2 Light source

The light source shall be in accordance with’1SO 21395-1:2020, 5.3.

5.3 Detector

The detecfor shall be in accordance with ISO 21395-1:2020, 5.4.

5.4 Thermal champep

The thernjal chamber! shall follow the requirements below. An example of a thermal chamber is

Figure 3. The thermal chamber shall

a) have the ability to change the temperature of the specimen prism between the temperat
measured;

b) have a structure that can maintain the temperature distribution in the specimen within the range of
1,0 K during raising and lowering of the temperature,

¢) haveathermometer to measure the temperature of the specimen prism with an accuracy of +0,2 K or better,

d) have the ability to provide a vacuum with a residual pressure of less than 10 Pa for the purpose of having
a negligible influence of the refractive index of air and of preventing condensation, and

e) have windows made of a parallel plate of quartz glass polished on both sides. The wedge angle between

the parallel polished faces shall not exceed 5 arc sec, the flatness of the parallel polished faces shall be
A/10 or better.

© IS0 2024 - All rights reserved
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NOTE Quartz glass is used because it has a high transmittance over a wide wavelength range, a high durability
against temperature changes, and is resistant to breakage.

d

U

s
= -
[
1 1
\\
3— 2
Key
1  window 7 _vacuum gauge
2  specinjen prism 3> " Incident light.
3  therm¢meter b Outgoing light.
4  therm4l conductor specimen holder ¢ Leakinlet.
5  heating and cooling unit d  To vacuum pump.
6  three-yay valve

Figure 3 — Example of thermal chamber

6 Specimen prism

The specirpen prism shall be in accordance with ISO 21395-1:2020, Clause 6.

7 Measurement

7.1 Measurement of apex angle

The apex angle of the specimen prism shall be measured in accordance with ISO 21395-1:2020, 8.2.

7.2 Measurement of the angle of minimum deviation

The angle of minimum deviation of the specimen prism shall be measured at two or more temperatures in
accordance with ISO 21395-1:2020, 8.3.

The bisector of the apex angle, «, is parallel to the bisector of the angle, B, formed by the opposite two-
surface window of the thermal chamber. (See Figure 4)

© IS0 2024 - All rights reserved
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The degree of vacuum around the specimen prism shall be less than 10 Pa. The minimum deviation angle
should be measured at a temperature within 0,5 °C with respect to the target temperature.

NOTE1  Allowable measurement error is an error in the measurement of the refractive index. When the allowable
measurement error is smaller than 0,5 x 10-6, the allowable angle difference between the bisectors of @ and 8 is within
2°; when the allowable measurement error is smaller than 0,5 x 105, the allowable angle difference between the
bisectors of @ and f is within 6°.

NOTE 2 The temperature to be measured is arbitrary. Allow sufficient time for the specimen prism to reach a

uniform temperature throughout. In most cases, the temperatures measured are -40 °C, -20 °C, 0 °C, 20 °C, 40 °C, 60 °C
and 80 °C.

8 Calculation

8.1 Absplute refractive index

The absolyte refractive index at each temperature of the specimen prism shall be calculated by Fprmula (1)
(adaptatiop of ISO 21395-1:2020, Clause 4).

. {O( + 6min,vac (T):|
Sin

2
Naps (1) = (o Q)
sin| —
2
where
Nps(T)) is the absolute refractive index of specimen prism at temperature T;
a is the apex angle of the specimen prism;

Ominvdc(T) is the minimum deviation angle at temperature T;

T is the temperature (°C) of the.specimen prism during the measurement (°C).

NOTE n ISO 21395-1 the measurements(ape performed in air, therefore the refractive index n obtdined is the
relative reffractive index. In this document, ‘the measurements are performed in vacuum, and therefor¢ the result
obtained by Formula (1) is the absolute réfractive index.

Figure 4 shows a schematic drawing of the light path through the thermal chamber windows and the
specimen prism. The internalahd external environments are air and vacuum respectively. As a cofisequence,
light transmitted through a.parallel window at non-normal incidence will be deflected.

Consequently the minimum angle of deflection in vacuum &, 4.

Formula (2) to the observed angle of minimum deflection in air §

must be calculated using the [correction

min,air*

© IS0 2024 - All rights reserved
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B
|-
Key
1  light beam 6  bisector of the specimen‘prism apex angle
2 air copdition 7  bisector of angle, formed by the opposite fwo-surface
window of therintal chamber
3 vacuum condition a  apex angle
4  window B angle formed by the opposite two-surface window of
thermal,chamber
5  specimen prism 81 Opminxr apparent minimum deviation angle in ajr
8, . Pminvac Minimum deviation angle in vacuum
Figurg 4 — Schematic drawing of light path-through, input window, prism and output wjindow
The angle pf minimum deflection in vacuum-,;, ... shall be calculated from the observed angle of minimum
deflection|in air min,air using Formula\(2).
5min air ﬁ
Omin vae = 2 X arcsm[nair X sin [T - + B (2)
where
Ny Is therefractive index of air;
Ominvdc iSithe minimum deviation angle in vacuum;
O min a1 the apparent minimum deviation angle in air;
B is the angle formed by the opposite two-surface window of the thermal chamber.

8.2 Temperature coefficient of absolute refractive index

The temperature coefficient of the absolute refractive index between the temperatures of specimen prism
T, and T, shall be calculated by Formula (3).

Ana\bs

_ NMaps (TZ) — Nypg (Tl)

AT

- I, -T;

© IS0 2024 - All rights reserved
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where

An

abs

AT

nabs(Tl)' nabs(TZ)

T, T,

NOTE 1

NOTE 2
Formula (D,

ISO 6760-1:2024(en)

is the temperature coefficient (K1) of absolute refractive index of the specimen prism;

are the temperatures of the specimen prism (°C).

is the absolute refractive index of the specimen prism at temperature T, T;

T,, T,and T, -T; (AT) are arbitrary. In most cases T; and T, are the temperatures at 6 points shown in 7.2,
and AT'is 20 K.

3)

Alternatively, the absolute temperature coefficient of the absolute refractive index can be calculated using

8.3 Ten

The temps
T;and T,

For the ca
temperatu
0 % and th

Temperaty
are shown
be calculat

|perature coefficient of relative refractive index

hall be calculated by Formula (4).

lculation of the temperature coefficient of the relative refractive-index of the spe

e individual temperatures T; and T, should be used.

re coefficients of relative refractive index for a number of well-known spectral wavelg
in Table 1. For additional wavelengths, the temperature ggefficient of relative refractivg
ed using the refractive index of air, obtained by Formula (A.1).

rature coefficient of the relative refractive index of the specimen prism between the tenjperatures

fimen, the

re coefficient of the refractive index of air at a pressure of 1,013 25405 Pa a relative humidity of

ngth lines
 index can

NOTE1 Formula (4) is an approximation. The derivation and,a" proof that the approximation is of negligible
influence i given in Annex E.
NOTE 2 [The calculation method for determining the relative refractive index of glass at any given tgmperature,
pressure, ahd relative humidity is shown in Annex B.
Anrel - Anabs _ Mabs (Tl ) T Naps (TZ ) % Ay (4)
AT AT 2 AT
where
Aftre) is the temperature coefficient (K1) of relative refractive index of the specimen prisin;
AT
Ay is the tempefature coefficient (K1) of absolute refractive index of the specimen prigm;
AT
% is thetémperature coefficient (K1) of refractive index of air.
Table 1 - Temperature coefficient of refractive index of air (air pressure 1,013 25 x 105 Pzr, relative
humidity-0-%)
Bn,,/AT(10-6/K)
. Wavelength in the temperature range of
Spectral line
nm -40°Cto -20°Cto 0°Cto 20°Cto 40°Cto 60 °Cto
20°C 0°C 20°C 40 °C 60 °C 80°C
i 365,01 -1,40 -1,19 -1,03 -0,90 -0,79 -0,70
h 404,66 -1,38 -1,18 -1,02 -0,89 -0,78 -0,69
g 435,83 -1,38 -1,17 -1,01 -0,89 -0,78 -0,69
F' 479,99 -1,37 -1,17 -1,01 -0,88 -0,77 -0,69
F 486,13 -1,37 -1,17 -1,01 -0,88 -0,77 -0,69

© IS0 2024 - All rights reserved
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Table 1 (continued)
An,; /AT(106/K)
. Wavelength in the temperature range of
Spectral line
nm -40°Cto | -20°Cto 0°Cto 20°Cto 40°C to 60 °C to

20°C 0°C 20°C 40°C 60 °C 80 °C

e 546,07 -1,36 -1,16 -1,00 -0,88 -0,77 -0,68

d 587,56 -1,36 -1,16 -1,00 -0,87 -0,77 -0,68
He-Ne 632,8 -1,35 -1,16 -1,00 -0,87 -0,77 -0,68

o 643,85 -1,35 -1,16 -1,00 -0,87 -0,77 -0,68

C 656,27 -1,35 -1,15 -1,00 -0,87 -0,77 -0,68

r 706,52 -1,35 -1,15 -1,00 -0,87 -0,76 -0,68

t 101398 1,34 -1,15 -0,99 -0,86 -0,76 -0,67

9 Howto express the temperature coefficient of refractive index

The tempé¢rature coefficient of the absolute refractive index and that of the relative refractiv

e index as

calculated|in 8.2 and 8.3 shall be rounded to 1 decimal place in the unit of 18- K1, An example i$ shown in
Table 2.
Thble 2 — Example of how to express the temperature coefficient of refractive inde¢x
An/AT(106/K)
Spectral Wavelength in the temperature range of
line nm -40°C to -20°Cto 0<C'to 20°Cto 40°Cto 60 °C to
-20°C 0°C 20°C 40 °C 60 °C 80 °C
d 587,56 3,8 3,8 3,9 4,0 4,1 4,2
10 Test report

The test rgport shall include following itenms:

a)
b)
c)
d)
e)
f)
g)
h)

methdd used (minimum deviation);

areference to this document, €:g. ISO 6760-1:2024;

date

the tepperatufecoefficient of absolute refractive index obtained by calculation;

the te

melt n[lmber, lot numberor alternative means of indicating the specific test sample;
0

measurement;

mperature coefficient of relative refractive index obtained by calculation;

any deviatioms fronr the procedurs;

any unusual features observed.

© IS0 2024 - All rights reserved
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Annex A
(informative)

Formula for calculating the refractive index of air

The refractive index of air can be obtained from Formulae (A.1) to (A.7) based on the formulae shown
in References [6] and [7]. Using the following Formulae (A.1) to (A.7), the refractive index of air can be
determined with the precision required for thls spec1f1cat10n in the wavelength range of 300 nmto 1,700 nm,

temperaturerangeot—48-Cto100-2Cairpressureranges midity range
of 0 % to 100 %
NOTE1 [he formula shown in Reference [6] is the Edlén formula.
NOTE2 ['he formula shown in Reference [1] describes the term related to the relative humidity in a non-
temperatuile-dependent format. Formulae (A.1) to (A.7) represent modifications to thé ‘term related|to relative
humidity of the shown in Reference [1] to improve calculation accuracy over a wide tempé€bature range.
NOTE 3  This value can also be calculated using the Ciddor formula as per Reference [7].
_ 292,75
Ny =\ n(T,p,h) — 10710 x 22222 % (3,7345 — 0,0401 X&) X Al
air ( p ) t + 273'15 ( ) Py ( )
n, — )X
n(T,plh) =1+ 20 = 1) (A.2)
D
- B C
ng=1+10%4+ + (A.3)
130 - S 38,9 - §
-8
1+10°(E - F xt
X = ( )P (A4)
1+G6GxT
1
S = T (A.5)
Py = h X pgy (A.6)
2 17,62 x T
=16,112 x10°xexp| ———— A7
Pv p(243,12 +T (A7)
where
Ny is the refractive index of air at temperature, T, air pressure, p, and relative humidity (Py/Psy) %;
Py is the vapour partial pressure (Pa);
n(T, p, h) isthe refractive index of air at temperature, T, air pressure is p, and relative humidity, h;
T is the temperature (°C);
p is the air pressure (Pa);
S is 1/A2 (um2);
A is the wavelength of light in vacuum (pm);

© IS0 2024 - All rights reserved
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h is the relative humidity of air (%);
Psyv is the saturated water vapour pressure of air at temperature t (Pa);
A =8342,54
B =2406 147
C =15998
D =96 095,43
E =0,601
F =0,009 72
G =0,003 661
As an example, Table A.1 shows the refractive index values of air in the representative speftral lines
calculated|by the actual values in these formulae.
Tabjle A.1 — Refractive index of air (air pressure 1,013 25 x 105 Pajrelative humidity ( %)
Spectral Temperature
wavelength
om -40°C -20°C 0°C 20°C 4o°c 60 °C 80 °C
36;,01 1,000 352 35 1,000 324 45 1,000 300 63 1,000 280 07 1,000 262 13 1,000 246 34 1000 232 35
40:66 1,00034934 | 1,00032168 1,000 298 07 1,000:27.768 1,000 259 89 1,000 244 24 10000 230 36
435g'83 1,000 347 57 1,000 320 05 1,000 296 55 1,000 276 27 1,000 258 57 1,000 243 00 14000 229 19
472:99 1,000 345 66 1,000 318 29 1,000 294 92 1,000 274 75 1,000 257 15 1,000 241 67 1§000 227 93
48;13 1,000 345 44 1,000 318 08 1,000294 73 1,000 274 57 1,000 256 98 1,000 241 51 1000227 79
542’07 1,000 343 66 1,000 316 44 1,000 293 22 1,000 273 16 1,000 255 66 1,000 240 27 14000 226 61
583’56 1,000 342 74 1,000,31560 1,000 292 43 1,000 272 43 1,000 254 98 1,000 239 63 1000 226 01
I;gzNg 1,000 34195 17,000 314 87 1,000 291 76 1,000 271 80 1,000 254 39 1,000 239 07 10000 225 49
64285 1,000 341 78 1,000 314 72 1,000 291 61 1,000 271 67 1,000 254 27 1,000 23895 1000 225 38
65227 1,000:341 60 1,000 314 55 1,000 291 46 1,000 271 52 1,000 254 13 1,000 238 83 1000 225 26
70;52 15000 340 98 1,000 313 97 1,000 290 93 1,000 271 03 1,000 253 67 1,000 238 39 1000 224 85
L 01t3,98 1,000 338 97 1,000 312 13 1,000 289 22 1,000 269 44 1,000 252 18 1,000 236 99 1,000 223 53

© IS0 2024 - All rights reserved
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Annex B
(informative)

Calculation method for obtaining the relative refractive index of glass
at an arbitrary temperature, air pressure and relative humidity

B.1 General

Since the

refractive [index of optical glass in air varies depending on these environmental conditions,\ln'IS
the desiraple relative humidity of the measurement condition is 50 % to 65 % and the.relative
index is offten reported under this environment. However, in this document, the relative humidi

the deter

the enviro
with temp
relative hu
method w
and relatiy
pressure g
air pressu

fractive index of air depends on temperature, air pressure, and humidity, the valueoft

ination of the temperature coefficient of relative refractive index was set@t 0 %. This
mental conditions across all temperature ranges. Because the saturated vapour press
erature, the same relative humidity cannot be achieved over the entive temperature r
midity is not 0 % unless the amount of vapour in the air is intentionally adjusted. The
hen the user obtains the relative refractive index for air at an arbitrary temperature, ai
e humidity is as follows. When the relative refractive index(n,|(T, p; h;) at temperat
1 and relative humidity h; is known, the relative refractiyéindex n(T,, p,, h,) at temp
e p, and relative humidity h, is calculated.

B.2 If

atlt
Calculate the refractive index of air n,;(Ty, p; h;) with reference to A.1 and determine the absolutg

index n,
temperatu
refractive

Npe (T‘

B.3 Ifa

Calculate 1
N,ir(T1, Poy
standard 2
index for d
of relative

femperaturecoefficient of relative refractive index is given

emperature coefficient of absolute refractive index is given

[T,) at temperature T from n,(T;, p;, hy). Determine the absolute refractive index
re T, using the temperature coefficieht for the absolute refractive index. Then, cal
index of air n,; (T, p,, h,) to obtain iz (T, p,, hy).

Nyps (TZ ) _ 1
Nair (T2, P2, 1y )i N (T, 02, 1y
Anabs

1
_ =~ !n T, h X N, (Ty,p1,h + (T, — T
nair(TZ»pz'hz){ rel (T1,p1,hy) air (T1,01, M) + (T, 1) AT

Anabs
AT

,p2.hy) ){nabs (Ty) + (T, - Ty)

}

he refractive(index of air n,;(Ty, p; hy) and refractive index of dry air at standard a
0) withgeference to A.1 and determine the relative refractive index corresponding td
tmosphere n. (T, py, 0) at temperature T; from n.(Ty, p; hy). Determine the relative
ryairat standard atmosphere n,(T,, po, 0) at temperature T, using the temperature

he relative
D 21395-1,
refractive
Ly of air in
is to unify
ure varies
hnge if the
alculation
I pressure
ire T, , air
erature T,

refractive

nabs(TZ) at
culate the

(B.1)

'mosphere
dry air at
refractive

coefficient

refractive index. Then, calculate the refractive index of air n,; (T, p, h;) and refractiy

ye index of

dry air at standard atmosphere m; (7, Py 0) to obtain 11 (T2, P2, 1150

e (T, P2, hy)

Npe) (TZ » Po '0) X Nyip (TZ » Po '0)
Nyir (T2, 02, hy)

n,. (T, pg,0
alr( 2P0 ){nrel(Tl'pO'O) + (TZ — Tl)
Nair (Ty, P2, hy)

Anrel

AT

}

Nyet (Ty,p1, ) X g (Ty,p1 by )
nyir (T1, Pg,0)

Nyir (TZ »Po '0)
Ngir (T, p2.hy)

+ (I, - Th)

o

AT

(B.2)

In both cases of (B.1) and (B.2), when ¢; and t, are not within the same temperature range AT in which the
temperature coefficient of refractive index is given, calculate the temperature coefficient of refractive index

© IS0 2024 - All rights reserved
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Anabs

An
AT or A;?l from the temperature range including T; to T, using the value obtained by integrating the

coefficient of each temperature range according to the temperature width within the temperature range.
For example, if T; < T, < T, when the temperature coefficient of the refractive index changes at T, between ¢,

An
and t,, substitute the term related to the temperature coefficient of refractive index (T, — Tj )—abS in

AT
(B.1) with:

An b An bs
<n—n%¢ﬁl -wn—n{ al
AT T AT LT

An
and the t¢rm related to the temperature coefficient of refractive index (T, — T;)—— in_[B.2) with

AT
respectivelly:
An An
A G o3|
¢ T2 1. Tc
where
Angpd is temperature coefficient of absolute refractive index over the temperature range in-
AT cluding T, °C;
o
Angpd is temperature coefficient of absolute refractive index over the temperaturg range in-
AT cluding T; °C;
1, Tc
Angg is temperature coefficient of relativerefractive index over the temperatur¢ range in-
AT cluding T, °C;
o1
Ahgel is temperature coefficient of-relative refractive index over the temperatur¢ range in-
AT 1. cluding T, °C.

If there are multiple temperature ranges inywhich the temperature coefficient of refractive index is given
between 7|, and T, calculate in the same manner.

NOTE For "standard atmosphere® refer to 1SO 253311,

© IS0 2024 - All rights reserved
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Annex C
(informative)

Half prism method

ethod may

b the apex

21395-1 is
red with a

m and the

(9)

C.1 General
In order tohave a cimp]nr thermal chamber than described in Clause 4 and 5.4 _the half prism m
be employgd likewise.
C.2 Principle
In the casg of minimum deflection, the light beam passes the specimen prism pérpendicular t
bisector a§ illustrated in Figure 4.
For the mgasurement of the half prism method, a prism similar to the specimen prism of ISO
used. But, [it is cut in half along the apex bisector, and the surface comprising the bisector is cove
reflective foating, e.g., Silver.
When the|prism is rotated to the minimum deviation position,‘the incident light to the pris
outgoing light from the prism pass through the same path.
8
"
L
“
N Y
— . /
1 6 1 2
3
9
> 12
10

Key
1  light sgurce 7  beam splitter
2 collimatef 8  goniometer containing the specimen prism
3  window 9  specimen prism
4  detector 10 thermal chamber
5 thermometer 11 incident surface
6 slit 12 reflective surface

Figure C.1 — Schema of measurement device with thermal chamber
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C.3 Principle

C3.1 Go

niometer

The goniometer shall be in accordance with 5.1.

C.3.2 Light source

The light source shall be in accordance with 5.2.

C.3.3 Detector

The detect

orchallbain aconrdaneca vzt T 9
OF-5taro e Hatteoraahite-wWitnt==

C.3.4 Tk

The thermjal chamber shall be in accordance with 5.4, subclause a) to e).

Additionallly,

ermal chamber

a) The thermal chamber shall include a vacuum-sealed rotary feedthrough coupling to frotate the

goniometer, 8, with the specimen prism, 9, on it.

b) Altern

atively, the thermal chamber can be filled with a dry gas at.a pressure close to the ambient air

pressure. In this case, it is not necessary that the rotary feedthréugh mentioned in a) is vacuym sealed.

C.4 Spe

C.4.1 Ge

An examp

coated with a reflective coating, e.g., Silver.

NOTE

cimen prism
neral
e of the shape of the specimen prism is shown in Figure C.2. The reflective back surfare shall be

[he measurement is possible even witheut a metallic coating on the reflective surface.

© IS0 2024 - All rights reserved
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/7
o3
~
=)
\o ,,/2
~N
~N
\\
1 /\
Key
l length 1 incident surface
t thickness 2 reflective surface

ayp  apexangle

Figure C.2 — Shape of the specinten prism

C.4.2 Dimensions

The dimensions shall be in accordance with ISO 21395-1:2020, 6.2.

C.4.3 Apexangle

The apex gngle ayp is a function of the refractive index and the angle of incidence 6.

oyp F arcsin [M} (C.1)

n

ayp is typikally between 17° and40°.

C.4.4 Flatness

The flatneps shall be in@ccordance with ISO 21395-1:2020, 6.4.

C.5 Measurement

C.5.1 Measurementof apexangte

The apex angle of the specimen prism shall be measured in accordance with 7.1.

NOTE As the reflection coefficients of the incident surface (11) and the reflective surface (12) are very different,

it might be necessary to take care that the light flux to the detector (4) is within the operating range for the detector
(4). Depending on the type of the light source (1) it might be possible to regulate the intensity of the light source. If
attenuator elements, e.g. neutral density glass filters, are used, they should be placed between the light source (1) and
the slit (6) in order not to distort the imaging part of the beam path. If a camera is used as detector (4), experience
shows that in most cases it is sufficient to adapt the shutter time of the camera.

© IS0 2024 - All rights reserved
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C.5.2 Measurement of the angle of minimum deviation

The angle of minimum deviation shall be obtained by the difference of two readings from the goniometer, 26:

— Reading 1 is obtained when the prism is in auto collimation position for the reflected light from the

incident surface, 11, as illustrated in Figure C.3

— Reading 2 is obtained when the prism is in auto collimation position for the refracted light at the
desired wavelength. This light is reflected light from the reflective surface, 12, of the specimen prism as

illustrated in Figure C.1.
8

P ——

@&5:

1 6 1 2 ¢ % 12
3
11
? 5

10
Key
1  light squrce 7  béam splitter
2 collimgtor 8," goniometer containing the specimen prism
3 window 9  specimen prism
4  detectpr 10 thermal chamber
5 therm¢meter 11 incident surface
6 slit 12 reflective surface

Figure C{3 — Measurement device; specimen prism in auto collimation position for reflect
incident surface
C.6 Calgulation

C.6.1 Absoluterefractive index

— calculpte’the angle of incidence 6 as the difference between Reading 1 and Reading 2.

(9)

ion from

— calculate the absolute refractive index
sin[6(T,1)]
sin (aHP )

In the case the atmosphere around the specimen prism is dry air:

Nahs (T';L) = Ny, (T'/l) =

— calculate the relative refractive index
sin[6(T, )]

nrel (T’l'p) = nm (T’l'p) = Sin(a )
HP

© IS0 2024 - All rights reserved
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— calculate the refractive index n,;. (T,A,p) as described in Annex A

— calculate the absolute refractive index

nabs (T’A’) = nrel (T’A”p) X nair (T’A"p) (C4)

where

Ango (T,A)  is the absolute refractive index of specimen prism at temperature T and wavelength ;

ny, (T,4) is the absolute refractive index measured at temperature T and wavelength 4;

o) (TpAsp—TIstheTetativerefractive imdex measuredat temperature F-wavetengthAamdairpressure P;

Nyir (T}A,D) is the refractive index of air at temperature T, wavelength A and air pressure’P
o(T,A is the angle of incidence at temperature T and wavelength A;

Qyp is the apex angle of the specimen prism;

T is the measurement specimen prism temperature (°C);

p is the measurement air pressure in the thermal chamber~(Pa);

A is the wavelength of the observed light.

C.6.2 Temperature coefficient of the refractive index

The tempgrature coefficients of the absolute and the .relative refractive index shall be calgculated in
accordancp with 8.2 and 8.3.

The tempdrature coefficient of the refractive index shall be expressed in accordance with Clause 9.

The test rgport shall be created in accordance with Clause 10.
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Annex D
(informative)

Interpolation formula for An/AT

A formula describing the temperature coefficient of absolute refractive index as a function of temperature

and wavel

ength can easily be derived from the formula given in ISO 12123:2018[3], A.3:

2 (2 T 1 |— r‘A’T‘.r‘A’T‘z—l
Ang (A, T) = 252207 = o [ DIAT + DJAT  +D,AT? + 20— — 1 (D.1)
o 2 X nabs (A”TO) /12 - AZTK

with

AT =|T- T, (D.2)
Dividing by AT yields

Ang (A T)  nPus(A,Ty) - 1 Ey + EfAT

abs |4 T) _ Moabs (1T X | Dy + DIAT + DAT? + —Sc—1 (D.3)
Ar 2 X nabs (A”TO) A« - /l TK

where

Ang (A,T) is the change of absolute refractive indexatwavelength A between a specific temperature

T and the standard temperature T

Dy, D4f D,

Ey E; are glass type specific constants;

Atk

T, is standard temperature 20 °C.
In order td reduce statistical errors ©ofjAn/AT values, one can proceed as follows:
— measyre refractive indicessat various temperatures and wavelengths
— creatgvalue triplets A, AT An,,
— determine the glass’type specific constants D ~ Apx by an approximation method
NOTE n case multiple measurements at several spectral lines and several temperatures have been

the glass ty
results. The

pe specific constants D, D;, D,, E;;, E;, Apk can be calculated for best approximation of the m

abSolute temperature coefficient of the absolute refractive index can be calculated using Form

rarried out,
basurement

ula (D.3).
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