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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
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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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 (ISO 21395-1[4]) and the V-block refractometer method
(ISO 21395-2[2]). 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. This
document proposes a method for measuring the temperature coefficient of refractive index of optical glass
with high accuracy.

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

Part 2:

Interferometric method

1 Scop

This docu
using inte
change in

W

ment specifies a test method for the temperature coefficient of refractive index of op
ferometry. Temperature changes in optical glass lead to changes in the optical path I
pptical path length can be measured with an interferometer using the iumber of cyclg

dark chanpe of the interference stripe. This document defines a test method.to’measure the

change in
The intend
The intend

The intend

'he refractive index when the temperature of the specimen is changed/continuously.
ed temperature range for the specified measurement method is\an arbitrary range.
ed wavelength range for the specified measurement method is 365 nm to 1 014 nm.

ed accuracy for the specified measurement method is\within 1 x 10-6 K1,

2 Normative references

There are

3 Termi

For the pu
ISO and IE

ho normative references in this document.

s and definitions

Fposes of this document, the following terms and definitions apply

— IS0 Online browsing platfofm: available at https://www.iso.org/obp

IEC El

3.1
temperat
ratio of ref

[SOURCE:

bctropedia: available at https://www.electropedia.org/

ire coefficient of refractive index
ractive-index change to temperature change at a selected wavelength

S6.9802:2022I31, 3.4.2.3, 3.4.2.4, modified — term and definition slightly reworded.]

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

tical glass
bngth. The
s of light/
amount of

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[3], 3.4.2.3, modified — term reworded.]

© 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 25 x 10° Pa and a relative humidity of 0 % to

temperatu

re change at a selected wavelength

[SOURCE: ISO 9802:2022[31, 3.4.2.4, modified — term reworded and "0,101 33 x 10¢ Pa" and "0 %

humidity"

added.]

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

other pressu

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

3.4
thermal cjramber
chamber where the temperature of the specimen can be changed and/or maintained to a preset témperature
4 Pringiple
The tempgrature coefficient of refractive index is calculated in either Formula (1] er Formula (2]) obtained
by Annex (. The derivation of these formulae is described in Annex C. For a calculation method foy obtaining
the relative refractive index of glass at an arbitrary temperature and relativechirmidity, see Annex B.
An 1 XA
abs _ f _ 051 X nabs (1)
AT | 2 LXAT
An 1 XA
abs = —X - O(l ane] (2)
AT | 2 LXAT
where
Altaps is the temperature coefficient of absplute refractive index of specimen (K1);
AT
1 is interferometer scale factor-of double-path interferometers;
2
A is the wavelength of therefractive index temperature coefficient measurement (m);
L is the measurement(specimen length (m);
f is the number-of cycles of light/dark change of interference fringes associpted with
changes in optical path length of the specimen corresponding to AT;
AT is the spe€imen temperature difference (K);
Naps is thesdbsolute refractive index of the specimen;
Nyl is the relative refractive index of the specimen;
a is the linear expansion coefficient of the specimen (K1).

5 Measuring apparatus

5.1 General

The measuring equipment shall be in accordance with the requirements in 5.2 to 5.9.

a) For measuring equipment, use the Fizeau-interference measurement principle in which the measured

sampl

e itself constitutes the interference space.

© IS0 2024 - All rights reserved
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b) The resolution to read the number of cycles of light and dark changes in the interference space. The
resolution shall be 1/10 cycle or less.

Figure 1 shows an example of a schematic diagram of the measuring equipment.
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Dry air inlet.

e specimen

)

ement

5.2 Light sources

equipment

For change in optical path length of specimen light source and linear expansion coefficient light source,
use a light source with sufficient intensity, monochromaticity and coherence to obtain interference fringes
with the required precision. The wavelength for the measurement of the change in optical path length of
specimen and linear expansion coefficient do not need to be the same.

NOTE 1

and repeatability for the test.

© IS0 2024 - All rights reserved
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NOTE 2

5.3 The
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Examples of light sources are listed in ISO 7944:—I2], Table 1, Table 2 and Table 3.

rmal chamber

The thermal chamber has a window for observing changes in the optical path length. Thermal chamber shall

a) have the ability to change the temperature of the specimen between the temperatures to be measured,

b)

9

d)
press
with d
atmos|

have 4§
appro

NOTE
against ten]

e)

5.4 Flat

Two flat p
the linear
interferen
surfaces.

Examples

Figure 2.7
is describe

The requif
a) The ti
expan
appro
b) The fl
wavel
c¢) There
measu
d) Theb
witho
e) Asuit

have the ability to maintain the temperature of the specimen within 0,5 K,

ry air, the structure shall be such that the air pressure in the thermal chamber is the/s
pheric pressure around the container, and

| window of the thermal chamber, which shall be made of quartz glass with”a wedg
kimately 6 arc min (0,1°) on the opposite plane and polished on both sides!

Quartz glass is used because it has a wide wavelength range with a high transmittance, has a hig
perature changes, and is resistant to breakage.

plates

ates, one is a transmission flat plate and the other is a{eference flat plate, are used t
expansion coefficient of the specimen along with thechange of the optical path lengt

Fach interference surface shall be parallel with“each interference surface of the
include point contact, line contact, surface contact, etc. An example of point contact i
he contact points of the specimen and the flat plate are on the same plane. The flat plate
d in Annex F.

ed accuracies of the two flat plates aze as follows:

ansmission flat plate and reference flat plate shall be made of quartz glass or extre
sion glass ceramics, where, bath sides of which have been polished with a wedg
kimately 6 arc min (0,1°).

htness of the surface used for the interference action shall be A/2 or less (1/2 of the me
ength of the linear expansion coefficient).

rement of change in the optical path length of the specimen.

hck surface 'not involved in interference of the reference flat plate may be ground glg
it polishing. In this case, the wedge angle of the reference flat plate is not required.

hble method should be used to ensure that reflections from the rear surface of the reff

have a thermometer to measure the temperature of the specimen with an accuracy of +0,2 K or better,

have the ability to be filled with dry air at a relative humidity of 0 % or provide a vacuum with a residual

er is filled
hme as the

e angle of

h durability

D measure
h by using

Ce action. In the thermal chamber, the specimen is sandwiched between two plate's interference

specimen.
shown in
geometry

mely low-
angle of

ay

asurement

shall be a holeZin the centre of the transmission flat plate to secure the optical path for

ss surface

brence flat

plate do not cause confusion with desired Interierence pattern. For example, there are sanding and
donut-shaped processing by making a hole in the relevant position.

© IS0 2024 - All rights reserved
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Figure 2 —< Example of point contact between the specimen and 2 flat plates

rferometer for optical path length change measurement

erometer used shall be able to measure the optical path length change of the speci

men while

changing t

e temperature of the SpeciTeT:

5.6 Interferometer for expansion measurement

The interferometer used shall be able to measure the length change of the specimen while changing the
temperature of the specimen.

5.7 Detectors

The detector used shall be able to detect bright to dark changes due to interference of reflected light from
the specimen, and bright to dark changes due to interference of reflected light from 2 flat plates.

© IS0 2024 - All rights reserved
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5.8 Temperature sensor

The temperature sensor used to measure the temperature of specimen shall have a measurement accuracy
within 0,2 K or less.

Additionally, when the inside of the thermal chamber is filled with dry air, the temperature in the space
between the two flat plates should be measured by using a second thermometer which also has a measurement
accuracy within 0,2 K or less. However, if there is no difference between the temperature of the space between
the two flat plates and the temperature of the specimen, the temperature of the specimen may be taken as
the temperature between the flat plates. The temperature sensor, which measures the temperature of the

specimen, shall be in contact with the specimen to avoid a break in heat transfer due to vacuum.

5.9 Barpmeter

If dry air if filled in the thermal chamber, a barometer with a measurement accuracy of 0,05 kPa or better

shall be used. If the structure is such that the air pressure in the thermal chamber is the/same as the air

pressure ground the container, a barometer independent of the thermal chamber may belused. Il a vacuum
the baromgter shall be suitable to guarantee that the air pressure is below 10 Pa.

6 Meaqurement specimen

Measurement specimen shall follow the requirements below:

a) Specithen materials shall be annealed sufficiently to ensure thatthephase difference due to birpfringence
is not more than 5 nm per cm. Materials containing visible defects, such as striae, bubbles, or{inclusions
shall rjot be used. Materials used should contain striae of grade SW30 or less and bubbles and|inclusions
of gragle IC10 and IN30 respectively or less.

b) Thetestspecimen shall have two parallel, flat polished surfaces. The dimensions and shape of the parallel
plate $hould be 20 mm to 25 mm in diameter and approximately 5 mm in sample length, cpnsidering
the arhount of change in the optical path length to be measured, the temperature distribution in the
measyrement sample, and the coherence of the‘measurement light.

NOTE A longer optical path length is‘better for measurement, and a shorter sample length i§ better for
temperature distribution. The sample length that satisfies both the required optical path length and the
temperature distribution is approximately 5 mm.

c) The pprallelism between the-facing plane shall be 10 arc sec (approx. 0,003°) or less, whereas the
flatneps shall be A/2 (1/2 ofthe“'wavelength of light source for optical path length change mealsurement)
or lesq.

d) Absolyite refractivedndex n, ((T,) or relative refractive index n.(T,) at reference temperature T,
shall e known with-dn accuracy of 1 x 10-4 or less. Because the accuracy of temperature cogfficient of
refracftive indexis highly dependent on the accuracy of expansion coefficient, the accuracy of| refractive
index pf 1 x 10=%or less is sufficient. T, shall be any temperature within the range of 23 °C + 2 °C.

NOTE Bincenit is dlfflcult to measure absolute refractlve 1ndex nabs(TO) or relative refractlve 1ndex n}.o1(Tp) with

the same spe e I refractive

index measurement from the glass materlal part ad]acent to the spec1men and the relatlve refractlve 1ndex n.a1(Tp) at
the reference temperature T, can be measured in accordance with I1SO 21395-1[41 or ISO 21395-2[51.

7 Measurement procedure

The measurement procedure is as follows:

a) Sandwich the specimen between two flat plates (see Figure 2), place the specimen in the interferometric
type measuring equipment (see Figure 1).
b) Fill the inside of the thermal chamber with dry air at a relative humidity of 0 % or a vacuum of not more

than 10 Pa.

© IS0 2024 - All rights reserved
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Lower the specimen temperature to -50 °C or less and raise the temperature to at least 90 °C or more.

It is also allowed to start the measurement after raising the specimen temperature to 90 °C at least
and lowering the temperature to -50 °C or less. This shall be done at the rate at which the temperature
distribution within the specimen is within 1,0 K. The speed at which the temperature distribution
in the specimen is within 1,0 K depends on the measuring instrument and should be confirmed in a
preliminary test. Typical heating rate and temperature distribution are described in Annex G.

d)

During the measurement (in either direction of the temperature change), continuously record the

specimen temperature and the number of cycles, f, that the interference stripe changes from light to
dark. Sensors can be used for recording. See Annex D for sensor specifications. The resolution of the
light/dark change readings for the interference stripes shall be 1/10 cycle or less. At the same time as
c), continuously measure the number of cycles, f,, of the light/dark change of the interference stripes of

the in

terference space between the twao flat p];\‘rpc In this case the rpnding resolution of the

chang
for de
tempe

If the
record

If the {
record

)

that tle air pressure in the thermal chamber is the same as the air pressure around the con
rement of the atmospheric pressure in the vicinity of the chamber may be used instead.

measy

8 Calcu

8.1 Ten

Calculate t

Formula |

function o

Anabs
AT

where

An

abs

AT

e of interference stripes shall be 1/10 cycle or less. See Annex E for an example of the
fermining the amount of number of cycles of light/dark change of interference shift/be
ratures.

nside of the thermal chamber is filled with dry air having a relative humidityof 0 %, co
the temperature of the dry air in the space between the flat plates at thé\Same time as

nside of the thermal chamber is filled with dry air having a relative. humidity of 0 %, mg

[lation

jperature coefficient of absolute refractiveiindex

he temperature coefficient of the absolute réfractive index in accordance with Formul
[.5). For a formula describing the temperature coefficient of the absolute refractive
f temperature and wavelength, see SO 6760-1[11:

A f
X—X———0qXn T,
2 L AT 1 abs( 0)

1L

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

is interfezometer scale factor of double-path interferometers;

is'the measurement specimen length (m);

1
2
A
L
f

AT

nabs(TO)

To

a

is thesrefractive index temperature coefficient measurement wavelength in vacuum

light/dark
procedure
fween two

htinuously
¢) and d).

basure and

the air pressure in the thermal chamber at the same time as cjand d). If the structyre is such

tainer, the

h (3) using

index as a

(3

(m);

is the number of cycles of light/dark change in interference fringes associ
changes in optical path length of specimen corresponding to AT;

is the specimen temperature difference (K);

is the absolute refractive index of the specimen at ambient temperature T;

ated with

is the reference temperature at which the refractive index of the specimen is measured, 23 °C + 2 °C;

is the linear expansion coefficient of specimen (K1).

© IS0 2024 - All rights reserved
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NOTE1 The temperatures for calculation are arbitrary. When the temperature change AT of the specimen is 20 K,
calculate the temperature coefficient of the relative refractive index in the 6 temperature ranges: -40 °C to -20 °C,
-20°Cto 0°C,0°Cto 20°C,20°Cto 40 °C,40°Cto 60 °Cand 60 °C to 80 °C.

NOTE 2  In this document, all temperature symbols are represented by "T". The original symbol for temperature in
ISO 80000-5[¢] is "t" or "9" for temperature in Celsius degrees, and "T" for absolute temperature.

8.2 Linear expansion coefficient of specimen
The linear expansion coefficient of the specimen is calculated as follows:

a) Ifthe inside of the thermal chamber is vacuum, calculate using Formula (4).

(4)

b) If thelinside of the thermal chamber is filled with dry air at 0 % relative humidity,”calcylate using

Formyla (5).

The formyla for calculating the refractive index of air at any temperature T afid‘air pressure|p and the
temperature coefficient of refractive index of air are given in Annex A.

XA Ang;
2 LXATa X Nyip (T,p) AT Mair (T,p)
where
o is the linear expansion coefficient of specimen(K1);
1 is interferometer scale factor of doublespath interferometers;
2
fa is the number of cycles of the light/dark change of interference stripes in the interference
space between two flat plates corresponding to AT,;
Ay is the linear expansion co€fficient measurement wavelength (m);
L is the specimen length\(m);
AT, is the change in the temperature in the interference space between two flat platgs (K);

n,;.(T)p) is the refractive index of air at temperature T and air pressure p in the interfergnce space
between-{wo flat plates;

T is thecentre value (°C) of the temperature range for calculation of the temperature|coefficient
ofirefractive index;

p is the mean air pressure (Pa) in the thermal chamber during measurement of the temperature
range for calculation of the temperature coefficient of refractive index;

Ang.(p) is the temperature coefficient of refractive index of air at air pressure p in the temperature
AT range for calculation of the temperature coefficient of refractive index (K1).

8.3 Temperature coefficient of relative refractive index

Calculate the temperature coefficient of the relative refractive index by Formula (6) using the temperature
coefficient of the absolute refractive index determined in clause 8.1. The temperatures for calculation are
arbitrary. When the temperature change AT of the specimen is 20 K, calculate the temperature coefficient
of the relative refractive index in the 6 temperature ranges: —40 °C to -20 °C, =20 °C to 0 °C, 0 °C to 20 °C,
20 °Cto 40 °C, 40 °C to 60 °C and 60 °C to 80 °C. The temperature coefficients of the refractive index in air

© IS0 2024 - All rights reserved
8


https://standardsiso.com/api/?name=8bcb3ba382bbc396f8a714e885a56457

ISO 6760-2:2024(en)

are listed in Table 1 for each wavelength. The absolute refractive index of the specimen at T; and T, shall be
calculated according to Annex B. Derivation and verification of An, /AT, see ISO 6760-111.

Anrel _ Anabs _ Maps (Tl )+ Mabs (TZ ) x Angir

(6)
AT AT 2 AT
where

Ay is the temperature coefficient of the relative refractive index of the specimen (K1);

AT

Altyps is the temperature coefficient of the absolute refractive index of the specimen (K?1);

AT
% is the temperature coefficient of the refractive index of air (K1).

Table 1 —+ Temperature coefficient of refractive index of air (air pressure 1,013@25 % 105 P3, relative

humidity 0 %)
Ang; /AT (10-6 K1)
Spectral Wavelength in the temperature range of
line nm -40°Cto -20°Cto 0°Cto 20y°C to 40°Cto 60 °C to
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
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
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
c' 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
706,52 -1,35 -1,15 -1,00 -0,87 -0,76 -0,68
t 1013,98 =1,34 -1,15 -0,99 -0,86 -0,76 -0,67

9 Howto express thetemperature coefficient of refractive index

The tempdrature coefficient of the absolute refractive index and of the relative refractive index of|the values
calculated|in 8.1.te“8.3 shall be rounded to 1 decimal place in units of 10-® K'1. An example i shown in
Table 2.

Table 2— cEXalmplie o1 NOwW 1o express e temperature coelricient or reirdactive mmaex

Angy, /AT (10-6 K1)
Spectral Wavelength in the temperature range of
line nm -40°Cto -20°Cto 0°Cto 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 39 4,0 4,1 4,2
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10 Test report

The test report should include the following information:

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

method used (interferometric);

a reference to this document, e.g. ISO 6760-2:2024;

melt number, lot number or alternative means of indicating the specific test sample;
date of measurement;

the temperature coefficient of absolute refractive index obtained by calculation;

the temperature coefficient of relative refractive index obtained by calculation;
any d¢viations from the procedure;

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 [2] and [3]. Using Formulae (A.1) to (A.7), the refractive index of air can be determined with the
precision required for this specification in the wavelength range of 300 nm to 1,700 nm, temperature range

of -40 °C tp100-2Cairpressurerange-of HokPato1H40-kPaandrelative-humidityrange-of 0-%t6, 100 %.
NOTE1 [ he formula shown in Reference [2] 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 the tenm related|to relative
humidity of the shown in Reference [1] to improve calculation accuracy over a wide temperature range.
NOTE 3 [ his value can also be calculated using the Ciddor formula as per Reference [3].
_ 292,75
Nyir = R(T, p, ) —=10710% 27222 _(3,7345-0,040 1xS)x Al
air ( p ) T+273,15 ( ) 1aY ( )
n,—1)X
n(T, pl =1+ B = DX (A2)
D
_ B
ng=1+1078| A+ - (A.3)
130-S 38,9-S
14108 (E-FxT
X= ( )p (A4)
1+GxT
1
S= = (A.5)
A
py =hKpg, (A.6)
17,62xT
=§,112x10% x exp} - A7
Psv p[243,12+T) (A7)
where
N, is refractive index of air at temperature T, air pressure p, and relative|humidity
(py/Psy) %;
Py is vapor partial pressure (Pa);
n(T, p,h) is refractive index of air at temperature 7, air pressure is p, and relative humidity h;
T is temperature (°C);
p is air pressure (Pa);
S is 1/A2(um2);
A is wavelength of light in vacuum (pum);

© IS0 2024 - All rights reserved
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h is the relative humidity of air (%);

Psyv is the saturated water vapor 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.
Table A.1 — Refractive index of air (air pressure 1,013 25 x 105 Pa;Telative humidity ) %)
Spectrall Temperature
wavelength
nm -40°C -20°C 0°C 20°C 40°C 60 °C 80°C

36;01 1,00035235 | 1,00032445 | 1,00030063 | 1,0002800%| 1,00026213 | 1,00024634 | 1/00023235
40266 1,00034934 | 1,00032168 | 1,00029807 | 1,000287768 | 1,00025989 | 1,00024424 | 1J000 23036
43;5'83 1,00034757 | 1,00032005 | 1,00029655. (71,00027627 | 1,00025857 | 1,00024300 | 1]/000 22919
47;99 1,00034566 | 1,00031829 | 1,000294'92 | 1,00027475 | 1,00025715 | 1,00024167 | 1/000227 93
48;13 1,00034544 | 1,00031808 | (400029473 | 1,00027457 | 1,00025698 | 1,00024151 | 1/000227 79
5466,07 1,00034366 | 1,00031644\Y 1,00029322 | 1,00027316 | 1,00025566 | 1,00024027 | 1J000 226 61
58;56 1,00034274 | 1,00034560 | 1,00029243 | 1,00027243 | 1,00025498 | 1,00023963 | 1]/000 22601
};ZZN; 1,000 34195 4 \500031487 | 1,00029176 | 1,00027180 | 1,00025439 | 1,00023907 | 1000 22549
64;85 1,00034378° | 1,00031472 | 1,00029161 | 1,00027167 | 1,00025427 | 1,00023895 | 1000 22538
65227 1500034160 | 1,00031455 | 1,00029146 | 1,00027152 | 1,00025413 | 1,00023883 | 1/000 22526
702’52 1,00034098 | 1,00031397 | 1,00029093 | 1,00027103 | 1,00025367 | 1,00023839 | 1/000224 85
) 01t3,98 1,00033897 | 1,00031213 | 1,00028922 | 1,00026944 | 1,00025218 | 1,00023699 | 1,00022353
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Annex B
(normative)

Calculation of absolute refractive index of specimen at a given
temperature using the temperature coefficient of refractive index

B.1 Formula for calculating the refractive index

The absollllte refractive index n,, (T) of specimen at a temperature T is calculated from Formu

Formula (

specimen

B.2) depending on whether the known refractive index at the reference temperature
is the absolute refractive index n_ ((T,) or relative refractive index n,(T,)\When t

la (B.1) or
, T,y of the
he (B.2) is
ae (A.1) to

(B.1)

(B.2)

Fficient of

ire range,
ing on the

used, the rlefractive index n,;.(T,) at the reference temperature, T, can be calculated frem Formu
(A.7) in Anjnex A.

Myps (7 ) =Myps (TO ) + Anabs

Nabs (1) =yl (T )X Ngir (To ) + Ay
where

Naps (TP is the absolute refractive index of the specimen at temperature T;

Naps(Th) is the absolute refractive index of the specimen at reference temperature T;

N1 (T§) is the relative refractive index of the'specimen at reference temperature T;

N, (T§) is the refractive index of air at\reference temperature T

Angy is the change in refractive index determined from the temperature coe

absolute refractive index-and change in temperature.
Since the |temperature coefficient pof the refractive index varies depending on the temperat
calculate An,,. in Formula (B.1}~or"Formula (B.2) using either of Formulae (B.3) to (B.8) depend
value of T.
In this speification, the féference temperature T is 23 °C = 2 °C.
B.2 Formula for'calculation of refractive index change at a given temperature
a) Calculation formula when -40°C< T < -20 °C
An An
Angs 7,7 =(20—Ty )x(ﬂ) —20 x(—absj
AT )20,40 AT Jo.20
An An
—20><[—abs j + (T+20)><[ abs J
AT ) 200 AT ) _40,-20
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where
Anyp Ty, T is the change in refractive index determined from the temperature coefficient of abso-
lute refractive index and change in temperature;
T, is the reference temperature (23 °C £ 2 °C);
A . . . .
[ Mabs is the temperature coefficient of absolute refractive index at 20 °C to 40 °C;
AT )20,40
A . . . .
( Mabs is the temperature coefficient of absolute refractive index at 0 °C to 20 °C;
AT Jo20
A . . . L
[ Mabg is the temperature coefficient of absolute refractive index at =20 °C to 0-°C;
AT| ) 200
A . . L L
[ Maby is the temperature coefficient of absolute refractive index at —4.0_%Gto 20 °(;
AT\ )_40,-20
T is an arbitrary temperature (°C).
b) Calculption formula when -20°C<T<0 °C
An An An
Angyshro 7 =(20—To)x[—ast —20x(—absj +T><(—absj (B.4)
AT )20,40 AT Jo20 AT ") 20,0
where
Angps £o,7 is the change in refractive index determyined from the temperature coefficient pf absolute
refractive index and change in temperature;
T, is the reference temperature (23-°C £ 2 °C);
A . . .
Slaby. is the temperature coefficient of absolute refractive index at 20 °C to 40 °C;
AT )20,40
A . .. .
Alabg. is the temperature-coefficient of absolute refractive index at 0 °C to 20 °C;
AT )20,40
Anab . . . . .
Arl is the tengperature coefficient of absolute refractive index at =20 °C to 0 °C.
-20,0
¢) Calculation formul@when 0 °C < T'< 20 °C
An An
S »
20,40 AT Jo20
where
Angpg 17 is the change in refractive index determined from the temperature coefficient of absolute
refractive index and change in temperature;
T, is the reference temperature (23 °C £ 2 °C);
Anabs

AT

|
|

An
AT

abs

is the temperature coefficient of absolute refractive index at 20 °C to 40 °C;

j20,40
)0,20

is the temperature coefficient of absolute refractive index at 0 °C to 20 °C;

© IS0 2024 - All rights reserved
14


https://standardsiso.com/api/?name=8bcb3ba382bbc396f8a714e885a56457

T

ISO 6760-2:2024(en)

is an arbitrary temperature (°C).

d) Calculation formula when 20 °C < T <40 °C

Anabs,TO,T = (T_TO )X(

Anabs
AT

]20,40

(B.6)

fficient of

where
Angps 77 is the change in refractive index determined from the temperature coe
absolute refractive index and change in temperature;
T 2 41 £ 4 i L2072 0 4+ 12 O
0 IS UIICT ITITICIICT LClllpCl dlurc kLJ U 4 \4),
A . . . L
[ﬁ-] is the temperature coefficient of absolute refractive index at 20 °C to 40,°C;
AT )20,40
T is an arbitrary temperature (°C).
e) Calculation formula when 40 °C < T < 60 °C
An An
An =(40-Ty)x| —3bs. +(T —40)x| —3bs.
abs|Ty,T 0 AT AT
20,40 40,60
where
Angp 0. T is the change in refractive index determined from the temperature coe
absolute refractive index and change inté€mperature;
T, is the reference temperature (23 °G-%2 °C);
A . . . .
ﬂ-j is the temperature coefficient'of absolute refractive index at 20 °C to 40 °C;
AT| J20,40
A . A o
(ﬁ-j is the temperature coefficient of absolute refractive index at 40 °C to 60 °C;
AT| J40,60
is an arbitrarytemperature (°C).

(B.7)

fficient of
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f) Calculation formula when 60 °C < T < 80 °C

An An An
Al 7T :(40—To)x[ﬂ] +20 x[—abs] +(T—60)><(—absj (B.8)
AT )20,40 AT ) 40,60 AT )60,80
where
Anabs,To,T is the change in refractive index determined from the temperature coefficient of
absolute refractive index and change in temperature;
T, is the reference temperature (23 °C + 2 °C);
A . . . L
Slaby. is the temperature coefficient of absolute refractive index at 20 °C to 40C€;
AT| J20,40
A . .. o
2labg is the temperature coefficient of absolute refractive index at 40,%€;to 60 °C;
AT| ) 40,60
Allaby. is the temperature coefficient of absolute refractive indegat’60 °C to 80 °C;
AT| Jeo,80
T is an arbitrary temperature (°C).
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Annex C
(informative)

Temperature coefficient of refractive index under continuous

temperature change

When the light from the light source enters perpendicularly to the surface of an optical glass specimen

polished on a parallel plane, which has a specimen length L and absolute refractive index n

abs’

stripes ar
temperatu
that in the
reciprocal
referred t
temperatu
path lengt
the tempe
coefficient
length dusg
derived by
inagiven
in optical j

4

As _
AT

Anabs _

AT

Itisalsop

Anabs
AT

The chan
interferon

configuratlion into account;the number of cycles (f) of light/dark change of interference strip

wavelengt

As=l
2

b generated by interference by the light reflected from the front surface and back.

] A,ps

re of the specimen is changed continuously, the change in the length of the speciie
refractive index (An,, ) cause the change in the optical path length (2 x As) for’the
in the specimen. Read this change in optical path length as the number of cyc¢les [f (H
b as cycle number)] of light/dark change in interference stripes. Simultafigously, als
re change (AT) of the specimen and calculate the temperature coefficient of the changg
h. The temperature coefficient for this change in optical path length i§Jexpressed as
rature coefficient [(An,,,/AT) x L] for the change in optical path length due to the te
of refractive index and the temperature coefficient [(AL/AT)xn,sJ-Hfor the change in o
to linear expansion [see Formula (C.1)]. The temperature coefficient of the refractiy
subtracting the product of the linear expansion coefficient fAL/(L x AT)] and the refra
emperature range from the product of the temperature cogfficient (As/AT) and (1/L) of
path length [see Formula (C.2) and Formula (C.3)].

AT

pssible to replace the linear expansieh coefficient as @; and express as Formula (C.3).

—lxﬁ—a Xn
L AT 1 abs

pe in optical path lemgth by the interferometry is calculated by Formula (C.4)
eter scale factor ((1/2), which takes the setup conditions of a double pass intei

h of light sourcefor optical path length change measurement (A).

X fXA

When Fornwula (C.4) is substituted into Formulae (C.3) to (C.5) can obtain the temperature coeffi

absolute refractive index.

Anabs

~1 fxA xn

AT

ay abs

T2 LXAT

interference

When the

h (AL) and

light path
ereinafter

b read the
t in optical

he sum of

mperature
btical path
e index is

tive index
he change

c.1)

(C.2)

(€.3)

using the
ferometer
bs and the

(C.4)

ient of the

(C.5)

In Formula (C.5), the refractive index of the specimen in the term (-a; x n,,J) to remove the change in
optical path length caused by linear expansion is the absolute refractive index (n,), but even when the
relative refractive index (n,,;) is used for calculation, the difference is small, and the difference is limited to
approximately 6 x 10-9 K1 at maximum in the temperature coefficient of refractive index of general optical
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glass. Therefore, in consideration of the convenience of data processing, the temperature coefficient of the
absolute refractive index may be calculated using Formula (C.6) using the relative refractive index.

A
Mabs _ 1, fxA -y Xn
AT 2 LXAT

(C.6)

From the temperature coefficient of absolute refractive index obtained in Formula (C.5) or Formula (C.6),
calculate the temperature coefficient of relative refractive index in Formula (6) of 8.3. The absolute refractive
index at the upper and lower boundary temperature with AT temperature width, which is necessary there,
is calculated from Formula (B.1) or Formula (B.2) of Annex B, using the relative refractive index n.(T,)
measured with the reference temperature T,

A conceptual diagram of the principle of measurement is shown in Figure C1. This figure shows that when
the temperature of specimen changes, the refractive index of specimen and the specimen lengthwill change,
then the optical path length will change, which shifts the phase of the backside reflected light.oflspecimen,
causing a ¢hange in the intensity of the interfering light between the backside reflected light and the front
surface reflected light.

4 e oW
NP IV B

NE Ns—~—F |
6 %f\uf\v”\\*\vf
i 1

|

d

4 NS

5 N\ 8
9 NS WANA
RUA W v, 1
Key
1  specimen
2 wavelgngth change (A7) inside the specimen due to temperature coefficient of refractive index(An/AT)
3 length|change(AL) ofthe/specimen due to the linear expansion coefficient(a;)
4 incident light
5 reflectgd light from the front face of the specimen
6  reflectgd light from the back face of the specimen
7  conditjon’l
8  condition 2
9 interference

Figure C.1 — Conceptual diagram of light path length change and reflection light interference
in the specimen associated with temperature change

NOTE Condition 1 and Condition 2 have different temperatures.
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Annex D
(informative)

Sensor specifications

D.1 Selection of sensors

Image sensors with cpafiq] resolution such as CCD sensors and phnfncnncnrc without cpah'q] esolution,
such as photodiodes and phototransistors, can be used in this method. If the interference frihges contain
tilt elemertt, i.e. if more than one interference fringe is observed within the observation area-Alphloto sensor
without spjatial resolution deteriorates the light/dark contrast of the fringes, but this can be,solvgd by using
an image densor with spatial resolution. The instrument shall be sensitive to the measurement wlavelength.
The sensgr shall be able to resolve the light intensity in the range between maximum and|minimum
interferente signal into at least 10 discrete levels.
D.2 Imgge sensor
Image senyor usage is as follows:
a) Fringd image is projected onto the image surface of the image sénsor (see Figure D.1).
b) The amount of fringe movement is observed from the_information of optical radiation intensity of
interference fringes of one or more pixels.
c) Appropriate image processing equipment should bé-used to extract a usable signal from the sensor.
6
— 5 7
/
4
>3
<2
A1
T
Key
1  light source 5  beam splitter
2 condenser lens 6  specimen or cavity
3 pinhole 7  image sensor
4  collimator lens

Figure D.1 — Example of setup when using image sensor
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D.3 Photo sensor
Photo sensor usage is as follows.
a) The fringe image is focused on the sensor by a lens or mirror. (see Figure D.2).

b) The amount of fringe movement is observed from information on the intensity of the interfering light
incident on the sensor.

c) Appropriate image processing equipment should be used to extract a usable signal from the sensor.
6 c 2
|

7
D

Key

1 light sgurce 5-8*beam splitter

2 condemnser lens 6  specimen or cavity
3  pinholp 7  photo sensor

4 collimgtor lens

Figure D.2 — Example of setup when using photo sensor

© IS0 2024 - All rights reserved
20


https://standardsiso.com/api/?name=8bcb3ba382bbc396f8a714e885a56457

ISO 6760-2:2024(en)

Annex E
(informative)

How to find the deviation of interference fringes between two

temperatures

An example of the procedure for determining the amount of the number of cycles of light/dark change of
interference shift between two temperatures is shown below.

a) Plotthe continuously increasing temperature of the sample versus the output from the detectgr obtained
at that time. (See Figure E.1).
b) Indicate the temperature at the position of the peak and bottom of the brightness of the interference
light Hy numbers, as shown in Figure E.1.
¢) In thig example, it starts from the peak position, but it can also start from-the’bottom positipn. Here is
an exgmple of starting from the peak position.
d) The tgmperature obtained here is the temperature of the 0,5 N period of interference fringe hovement.
e) Plotthe temperature, T, obtained in b) versus the number of intéxference fringe shifts, N, (Figure E.2).
f) An arpitrary approximate formula was obtained using, the temperature, T, obtained in|b) as the
explanatory variable and the number of interference fringe moves, N, as the dependent varigble. In the
example in Figure E.2, a quadratic function shown by F6rmula (E.1) is used:
N=akT*+bxT3+cxT?+dxT +e (E.1)
g) The amount of interference fringe shift, P, between temperatures T; and T} is obtained as follqws.
fiy=N;=N; (E.2)
where
N is the number of interference fringe moves;
T is the temperatutre at the peak and bottom position of the fringe intensity (°C);
[ is 'Eih; number of cycles of light/dark change of interference fringe shift between temp¢ratures T;
and T,
J

© IS0 2024 - All rights reserved
21


https://standardsiso.com/api/?name=8bcb3ba382bbc396f8a714e885a56457

	Foreword 
	Introduction 
	1 Scope 
	2 Normative references 
	3 Terms and definitions 
	4 Principle 
	5 Measuring apparatus 
	5.1 General 
	5.2 Light sources 
	5.3 Thermal chamber 
	5.4 Flat plates 
	5.5 Interferometer for optical path length change measurement 
	5.6 Interferometer for expansion measurement 
	5.7 Detectors 
	5.8 Temperature sensor 
	5.9 Barometer 

	6 Measurement specimen 
	7 Measurement procedure 
	8 Calculation 
	8.1 Temperature coefficient of absolute refractive index 
	8.2 Linear expansion coefficient of specimen 
	8.3 Temperature coefficient of relative refractive index 

	9 How to express the temperature coefficient of refractive index 
	10 Test report 
	Annex A (informative)  Formula for calculating the refractive index of air 
	Annex B (normative)  Calculation of absolute refractive index of specimen at a given temperature using the temperature coefficient of refractive index 
	Annex C (informative)  Temperature coefficient of refractive index under continuous temperature change 
	Annex D (informative)  Sensor specifications 
	Annex E (informative)  How to find the deviation of interference fringes between two temperatures 
	Annex F (normative)  Flat plate requirements 
	Annex G (normative)  Heating rate and temperature distribution 
	Bibliography 

