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INTRODUCTION
Since 1/1/90 a new international temperature scale has been introduced known as
ITS-90. This replaces the previous scale IPTS-68.

Differences between the old and new temperature scales are quite small being less than
0.4°C below 1000°C and rising to 2.4°C at 3090°C. Below is agraph of the differences
between the temperature scales.
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Figure 1 The temperature difference (t90 - t68)/°C in the range between the triple
point of equilibrium hydrogen (-259.3467°C) and the freezing point of gold
(1064.18°C) [83.85]

THERMOCOUPLES

Basic theory

An electrical current flowsin aclosed circuit of two dissimilar metalsif one of the
junctionsis heated in respect to the other. Reversing the heating polarity resultsin the
electric current flowing the opposite way, and the magnitude of the EMF generated is
related to the temperature difference of the two junctions. The heated junction is known
as the measuring junction, and the unheated junction as the reference junction.

In practice only asmall number of metals and alloys meet the multitude of requirements
needed, the chief of which isthe ability to produce a constant voltage of workable
proportions, as linear as possible. For practical purposes they are divided into two
categories, rare or noble metal thermocouples and base metal thermocouples.



Additional types of thermocouples

The thermocouples listed in this booklet are the most commonly used and known as the
standard tables. There are other tables that are not listed in this book which can usually
befound in high temperature applications.

Thereis awide range of non-standard proprietary thermocouples, usually aimed at
specialist measurement conditions, i.e. atmospheric, cryogenic. Thermocouple
manufacturers produce batch tables for non-standard thermocouples, as the
characterises can differ batch to batch.

High stability thermocouple measurement

With thermocouple tolerances quoted as say +3°C plus other variation it would appear a
poor case could be made out for high stability thermocouple measurement, for
examplein research and high industrial technology. The key to stability in thisfield lies
in the careful selection of methods and materials, and the heat treatment and calibration
of the thermocouples. While application conditions do ater techniques, the following
factors are suggested for consideration.

1) Obtain thermocouples with insulated measuring junctions.

2) Specify ‘same melts for large installations. This could give problemsin
replacement units later.

3) Thermocouple reference junctions should be monitored in a reference unit with at
accuracy of +0.1°C or better.

4) Great care should be taken in running thermocouple circuitry against ‘ pick-up’ etc,
with the minimum number of joinsin the wiring.

5) Heat treat thermocouples to their most stable condition.

In 5 and 6 assistance can be obtained from the British Calibration Service, National
Physical Laboratory, Queens Road, Teddington, Middlesex.

Reference junction techniques

It must be appreciated that a thermocouple does not measure the temperature at the
measuring junction, but it is a differential measurement between the measuring junction
and the reference junction. It follows that for any form of accurate temperature
measurement, the reference junction must either be held at a fixed known temperature
or accurate compensation be used for any temperature variations of the junction.

Reference junction technology is usually considered as one of the main problems of any
thermocoupleinstallation. Individual instruments actuated by the thermocouples are
generally provided with a temperature compensating coil (often called a‘cold junction
compensating coil’) or alternatively a solid state assembly. These devices sense the
temperature at the point where the thermocoupleis joined to the copper wiring of the
instrument; and apply a corrective signal.

Where accuracy is needed and to accommodate multi-thermocouple installations, larger
reference units are used. These are claimed to have an accuracy of +0.1°C or better, and



allow the cables to the instrumentation to be run in copper, with no further temperature
corrective device needed. The reference units are contained basically under three
techniques.

| ce-Point, Hot Box and Isothermal

The ice-point
The method of feeding the EMF from the thermocoupl e to the measuring

instrumentation via the ice-point reference is usually operated under one of two
methods. The bellows type and the temperature sensor type.

The bellows type utilises the precise volumetric increase which occurs when aknown
quantity of ultra pure water changes state from liquid to solid. A precision cylinder
actuates expansion bellows which control power to athermoelectric cooling device.

The temperature sensor type uses ametal block of high thermal conductance and mass,
which isthermally insulated from ambient temperatures. The block temperatureis
lowered to 0°C by a cooling element, and maintained there by a temperature sensing
device.

Specia thermometers are obtainable for the checking of 0°C reference units and alarm
circuits that detect any movement from the zero position can be fitted.

The hot box

Thermocouples are calibrated in terms of EMF generated by the measuring junctions
relative to the reference junction at 0°C. Different reference points can produce
different characteristics of thermocouples, therefore referencing at another temperature
does present problems. However, the ability of the hot box to work at very high ambient
temperatures, plus agood reliability factor hasled to an increase in its usage.

The unit can consist of athermally insulated solid aluminium block in which the
reference junctions are embedded.

The block temperature is controlled by a closed loop system, and a heater isused asa
booster when initially switching on. This booster drops out before the reference
temperature, usually between 55°C and 65°C, is reached, but the stability of the hot box
temperature is now important. M easurements cannot be taken until the hot box reaches
the correct temperature.

Isothermal systems

The thermocouple junctions being referenced are contained in a block which is heavily
thermally insulated. The junctions are allowed to follow the mean ambient temperature,
which varies slowly. This variation is accurately sensed by electronic means, and a
signal is produced for the associated instrumentation. The high reliability factor of this
method has favoured its use for long term monitoring.



Sheathed thermocouples - measuring junctions
There are normally three types to be considered,
1) Exposed junction

Recommended for the measurement of static or flowing non-corrosive gas
temperatures where fast response is desirable

2) Insulated junction

Also known as ungrounded junction. Recommended for corrosive gas and liquid
temperatures

3) Earthed or grounded junction

Recommended for corrosive gas and liquid temperatures, also high pressure
application. It gives faster response than the insulated junction.

Compensating cables

Inindustrial thermocouple applications where the measuring instrumentation is sited at
some distance from the thermocoupl es, compensating cables can be used to bridge this
distance. Compensation cables resemble the thermo-el ectric properties of the appropri-
ate thermocouples up to atemperature usually not exceeding 80°C.

The correct type has approximately the same thermal emf table as the thermocouple
you are using but can be made from cheaper metals since it does not have to stand high
temperatures. Further, you can use quite small size compensating cable such as
13/0.2mm without worrying about losing millivoltsin the cable resistance, provided
you are using a high resistance instrument such as a Eurotherm Controller or Eurotherm
Recorder. This saves money when your cable runs are long. If you use copper by
mistake your instrument will in general show an error equal to the temperature
difference between the thermocouple head and your instrument. If the thermocouple
head is hotter than the environment - and it usually is - your instrument will read

low - usually dangerous to the process.

While the running of these cables appears straightforward there are points to be
considered.

1) The colour code asin table 1 must be adhered to, and care taken against ‘pick up’
and interference in running the cables (asin al thermocouple circuitry).

2) If the correct compensation cable is used, but crossed at both ends, the associated
instrumentation will show an error equal to twice the temperature difference
between the thermocouple head and the instrumentation environment.



Colour coding for insulation of extension/compensating cable

Insulation colour codes Cable
Extension & compensating leads Code
— Former standard —71— IEC584-3: 1989, mod -
British BS EN60584-3
Type Conductors +/- BS1843: 1952
NICKEL CHROMIUM/CONSTANTAN
E  (Nickel Chromium/Copper Nickel, EX
Chromel/Constantan, T1/Advance,
NiCr/Constantan)
IRON*/CONSTANTAN
J (Iron//Copper Nickel, Fe/Konst X
Iron/Advance, Fe/Constantan I/C)
NICKEL CHROMIUM/NICKEL
K ALUMINIUM* KX
(NC/NA, Chromel/Alumel, C/A,
T1/T2, NiCr/Ni, NiCr/NiAL)
N NIROSIL/NISIL NX
NC
COPPER/CONSTANTAN
T  (Copper/Copper Nickel, >
Cu/Con, Copper/Advance)
COPPER/CONSTANTAN
Vx  (LOW NICKEL) KCB
(Cu/Constantan) Compensating
for K (Cu/Constantan)
COPPER/COPPER NICKEL
U  Compensating for Platinum 10% or RCA
13% Rhodium/Platinum (Codes S & SCA
R respectively) (Copper/Cupronic
Cu/CuNi, Copper/No. 11 Alloy)

* Magnetic, () Alternative & Trade Names. For thermocouples body colours are as outer sheath colours above
(ANSI & IEC). The British Colour Code for Thermocouple Cables, BS1843: 1952 is superseded by BS60584-3
(=IEC 584-3 1989 modified). Additional identification as to whether a thermocouple cable type is extension or
compensating is indicated in the example which follows; however, please note that a letter A or B after the C for
Compensating refers to the Cable Temperature Range in accordance with the Table of Tolerance Values set out
with this standard.

K X 1 = KEXTENSION CLASS 1

K CA 2 = K COMPENSATING CLASS 2 TO 150°C

For further information refer to the publication BS EN60584-3
Table 1 5



Extension cables

These cables are used for similar application as compensating cable, but where greater
accuracy isrequired. They should be manufactured of the same materials as the
thermocouples being used in the application.

Thermocouple application troubles

While thermocouple applications are usually relatively trouble free it must be
remembered that a thermocoupleis afinite unit, and long periods of usage at
temperatures approaching its limits, and/or cycling to those temperatures, can result in
breakage or drifting out of calibration.

EXTENSION AND COMPENSATING CABLES. TOLERANCES AND
IDENTIFICATION SYSTEM

Tolerance values

The table shows the specified tolerance for extension and compensating cables when
used at temperatures within the ranges indicated as “ Cable temperature range”.

The table also includes, in parentheses, the approximate equivalent tolerancesin
degrees Celsius. Because thermocouple em.f. -temperature relationships are non-linear
the tolerance in degrees Celsius depends on the temperature of the measuring junction
of the thermocouple. The figure shown in the table are those appropriate to the
measuring junction temperaturesin the final column. In most cases the error expressed
in degrees Celsius will be larger at lower thermocouple junction temperatures.

Type Tolerance class Cable temperature |Measuring junction
1 2 range temperature

JX |£85 pV (£1.5°C) =*+140pV (£2.5°C) | -25°C to +200°C 500°C

TX [£30 pV (£0.5°C) =£60pV (£1.0°C) -25°C to +100°C 300°C

EX #120 pV (%£1.5°C) +200uV (£2.5°C) | -25°C to +200°C 500°C

KX |£60 pV (£1.5°C) =*100pV (£2.5°C) | -25°C to +200°C 900°C
NX |60 pV (£1.5°C) =*100pV (£2.5°C) | -25°C to +200°C 900°C
KCA +100pV (£2.5°C) 0°C to +150°C 900°C
KCB - +100pV (*£2.5°C) 0°C to +100°C 900°C
NC - +100pV (+2.5°C) 0°C to +150°C 900°C
RCA - +30uV (£2.5°C) 0°C to +100°C 1000°C
RCB - +60uV (£5.0°C) 0°C to +200°C 1000°C
SCA - +30pV (£2.5°C) 0°C to +100°C 1000°C
SCB - +60pV (£5.0°C) 0°C to +200°C 1000°C

Notes:- 1. Cable temperature range may be restricted to figures lower than those shown in the table
because of temperature limitations imposed by the insulant.



2. A cable comprising two copper conductors may be used with Type B thermocouples. The
expected maximum additional deviation within the cable temperature range 0°C to +100°C is
40pV. The equivalent in temperature is 3.5°C when measuring junction of the
thermocoupleisat 1 400°C.

Colour coding

The colours selected have been taken from |EC Publications 304.

Negative conductor
The insulation of the negative conductor shall be WHITE for al thermocouple types.

Positive conductor
The insulation of the positive conductor shall be given in the table.

Outer sheath

The outer sheath, if any, shall be coloured as given in the table except for intrinsically
safe circuits where the outer sheath colour shall be BLUE for all thermocouple types.

Thermocouple Colour of positive conductor
type and sheath insulation
Brown
Violet
Black
Green
Orange
Orange
Grey

Pink

Z Ww»wIXRom-A

Connectors

The connectors, if any, used in conjunction with thermocouples and compensating or
extension cables, shall be coloured as given in the table in above.

This colouring may be mass colouring or a coloured dot on the connector’s surface.

Additional identification
If further information is applied by the manufacturer it shall have the following format:

Example: [EC - K X -1
[EC - Oooo - O
L Toleranceclass (1 or 2)
Type of cable (X, CA, CB)
Type of thermocouple (T, E, J, K, R, S)

IEC code

Additional markings for number of pairs, cross-section of conductors, temperature
range, manufacturer, etc., may be made if necessary.



Type

Tolerance
Class 1

Tolerance
Class 2

Tolerance *
Class 3

Type T
Temperature range
Tolerance value
Temperature range
Tolerance value

-40°C to +125°C
+0.5°C

125°C to 350°C
+0.004 [f]

-40°C to +133°C
+1°C

133°C to 350°C
+0.0075 [f]

-67°C to +40°C
+1°C

-200°C to -67°C
+0.015 [f]

Type E
Temperature range
Tolerance value
Temperature range
Tolerance value

-40°C to +375°C
+1.5°C

375°C to 800°C
+0.004 [f]

-40°C to +333°C
+2.5°C

333°C to 900°C
+0.0075 [t]

-167°C to +40°C
+2.5°C

-200°C to -167°C
+0.015 [f]

Type J
Temperature range
Tolerance value
Temperature range
Tolerance value

-40°C to +375°C
+1.5°C

375°C to 750°C
+0.004 [f]

-40°C to +333°C
+2.5°C

333°C to 750°C
+0.0075 [t]

Type K, type N
Temperature range
Tolerance value
Temperature range
Tolerance value

-40°C to +375°C
+1.5°C

375°C to 1000°C
+0.004 [f]

-40°C to +333°C
+2.5°C

333°C to 1200°C
+0.0075 [t]

-167°C to +40°C
+2.5°C

-200°C to -167°C
+0.015 [{]

Type R, type S
Temperature range
Tolerance value
Temperature range
Tolerance value

0°C to +1100°C
+1°C

1100°C to 1600°C
+[1 + 0.003 [{]
(t-1100)] °C

0°C to +600°C
+1.5°C

600°C to 1600°C
+0.0025 [f]

Type B
Temperature range
Tolerance value
Temperature range
Tolerance value

600°C to 1700°C
+0.0025 [f]

600°C to 800°C
+4°C

800°C to 1700°C
+0.005 [t]

* Thermocouple materials are normally supplied to meet the manufacturing tolerances specified
in the table for temperatures above -40°C. These materials, however, may not fall within the
manufacturing tolerances for low temperatures given under class 3 for types T, E, K and N. If
thermocouples are required to meet limits of class 3, as well as those of class 1 or 2 the
purchaser shall state this, as selection of materials is usually required.

Table 2 Tolerance classes for thermocouples (reference junction at 0°C)



RESISTANCE THERMOMETERS
Basic theory

The resistance of a conductor varies according to its temperature, and this forms the
basic principle of resistance thermometry. By the choice of a conductor material whose
resistance bears a constant relationship to temperature, areliable thermometer can be
built. Today the usual temperature range extends from -200°C to 650°C, but * specials
can be built to extend this range.

Over the last few years the use of resistance thermometers has greatly increased, and
hasin part taken over temperature measuring applications once considered the province
of thermocouples.

It has become generally appreciated that measures required in thermocouple technology
are not necessary when using resistance thermometers. Copper wires are used to
connect the resistance thermometer to the associated instrumentation, and since the
calibration is absolute, reference or cold junction correction techniques are not required.
The comparative freedom from drift makes frequent re-calibration unnecessary.

The advent of solid state temperature indicators and controllers of sophisticated design
and high accuracy, has led to an increased demand for greater accuracy and stability in
temperature sensors to match these technical advances. Within its temperature operating
range, the modern resistance thermometer has gone along way to satisfying these
requirements.

In laboratory form the platinum resistance thermometer is the world standard for
temperature measurement from -270°C to 660°C. It isto platinum therefore that
thermometer manufacturers have mainly turned as a sensing device. In endeavouring to
translate the accuracy and stability of the large laboratory thermometer to a miniature
form, whilst retaining a high degree of accuracy plus the added ability to withstand
industrial environments.

Platinum as a sensing or detector unit in a resistance thermometer has many virtues. It
can be highly refined, will resist contamination and is electrically and mechanically
stable. The relationship between temperature and resistance is nearly linear, which
allows production units to be made closely interchangeable in calibration. Drift and
error with ageing and use are negligible.

While the attributes of platinum as a temperature detector lead to its widespread usage,
other metals such as nickel and copper can be utilised for asimilar purpose. They are
generaly employed in the lower temperature ranges, and where extreme accuracy is not
required.

Lead configuration

The accuracy demanded from the overall measuring system of a particular resistance
thermometer determines the number of leads used. Two |leads are adequate for many
industrial applications, where the lead wire resistance gives 1°C error in reading for
every 0.38 ohm.



Three leads compensating for lead resistance greatly improve accuracy, and four leads
are used when optimum accuracy is required and are usually used with dual element
resistance thermometers.

The internal leads of a detector assembly should be constructed of materials dictated by
the temperature the assembly will have to withstand. Up to 150°C silver plated copper
is adequate; between 150°C and 300°C silver leads are preferred. From 300°C nickel
leads are considered best, and above 550°C noble metals |eads prove most satisfactory.
The recommended internal lead connection (BS1904:1964) are shown below.
However, some detector assembly leads are identified by being either numbered,
lettered or colour coded.

Resistance values

Most thermometers are constructed to have anominal resistance at 0°C of 100Q or
10Q. The preferred value is 100Q. The 10Q type s built with heavier wire for more
reliable service above 600°C.

Tolerances

The tolerance values of resistance thermometers are classified as follows:

Tolerance class Tolerance (°C)
A 0.15 + 0.002 [t
B 0.3 + 0.005 [0

* [t0 = modulus of temperature in degrees Celsius without regard to sign

THE EUROTHERM 239 MILLIVOLT SOURCE

10

The model 239 is a precise (0.1%) source of direct voltage, used to simulate a
thermocouple when calibrating potentiometer or high impedance instruments which
have thermocouple or dc millivolt inputs. Because the internal resistance on mV ranges
isabout 20Q it is not suitable for calibrating galvanometer type instruments.

When the thermocouple selector ison mV the output given is the millivolts shown on
the selected left or right digit switch when the zero switch is up and zero when the zero
switch isdown. The range is 0-59.999mV in steps of up to 1uV.

When the thermocouple selector is in athermocouple position the cold junction
compensation isincorporated for both positions of the zero switch, i.e. the output is
reduced by the millivolt equivalent of the terminals of the 239 source temperature.

1. Connect the mV output of the 239 to your instrument as shown, using the
appropriate compensating cable.



2. Connect the 239 and your instrument to their power supplies.

3. Set the thermocouple selector to match the type of thermocouple used in your
instrument

4. Set the required mV output on the digital switches, i.e. for an elevated zero output
+200 to +1200°C set left and right hand digit switches to the millivolt level for
200°C and 1200°C respectively. Set the zero output switch to the up position, and
select |eft or right hand output switch as required. With the zero output switch
down, the output is zero. This can provide three calibration points e.g. zero -
span - mid-span, without changing digit switch settings.

2404

cyiY
2404

®
©

--EI

(:> ?hermocouple
|

nput Terminals

.
i
@ @ @ EUROTHERM 239 @

Compensating cable

Figure 2 Type 239 Millivolt source

If your instrument is scaled for a non-standard thermocouple select mV and apply
millivolt settings appropriate to that thermocouple but reduced by the millivolt
equivalent of room temperature.

If cold junction compensation is not required set the thermocouple type selector to mV.

Allow the millivolt source and the instrument under calibration to reach asimilar
environmental temperature if either unit has been moved from aregion of high or low
ambient temperature.

Calibration errors may result if this precaution is not observed.

When calibrating compensated negative temperatures do not reverse the millivolt
output terminals as thiswill give gross errors in calibration. Use only polarity switch.

For checking meters, Eurotherm drivers etc, 2 outputs are available.

1. Afixed 12V 10mA max supply with lessthan 0.1Q internal resistance from the
0to +12V terminals.

2. A 0-9.999V 10mA max supply with less than 0.3Q interna resistance from the O
and 0-9.999V terminals. This output is set on the last 4 digits of the switch and is
not affected by the first digit (on either switch).

11



CALIBRATING WITH NON-STANDARD THERMOCOUPLES

If athermocouple is not accommodated for on the Eurotherm type 239 millivolt source
the following method can be used.

Test equipment
a) 239mV source

b) Industrial grade mercury thermometer or any high grade temperature measuring
instrument

Calibration

Units to be calibrated must have at least 20 minutes warm up time. Copper wires must
be used between the mV source and the unit under test. If awarm up rack is used warm
the first unit in the test head, always keeping this |loaded and powered up. Calibrate as
follows:

a) Monitor the temperature at the cold junction, ie, as close as possible to the point
where the copper wireis screwed to the thermocouple input of the unit under test.
Read the ambient temperature and convert this reading into mV’s from the book of
tables.

b) Subtract this value from any calibration points used. E.g. to calibrate an input type
‘D’. which is a Tungsten 3% Rhenium versus Tungsten 25% Rhenium, with arange
of 0-1800°C. The measured ambient temperature =27°C which, from the tablesis
0.273mV. Subtract this from the table value at the zero calibration point, in this case
0.000mV and the injection value is therefore -0.273mV. The value for 1800°C is
32.702mV therefore the injection value is 32.702 - 0.273 = 32.429mV.

¢) Not al types of instruments are calibrated at zero and span but the important thing
to remember isthat for any calibration point the ambient temperature must be
constantly monitored whilst calibrating.

12
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ITS-90
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Type E ( Nickel-chromium / copper-nickel)

) 1 2 3 4 5 6 7 8 9 10
-9.835
-9.797 -9.802 -9.808 -9.813 -9.817 -9.821 -9.825 -9.828 -9.831 -9.833 -9.835
-9.718 -9.728 -9.737 -9.746 -9.754 -9.762 -9.770 -9.777 9.784 -9.790 -9.797
-9.604 -9.617 -9.630 -9.642 -9.654 -9.666 -9.677 -9.688 -9.698 -9.709 -9.718
-9.455 -9.471 -9.487 -9.503 -9.519 -9.534 -9.548 -9.563 -9.577 -9.591 -9.604
-9.274 -9.293 -9.313 -9.331 -9.350 -9.368 -9.386 -9.404 -9.421 -9.438 -9.455
-9.063 -9.085 -9.107 -9.129 -9.151 -9.172 -9.193 -9.214 -9.234 -9.254 -9.274
-8.825 -8.850 -8.874 -8.899 -8.923 -8.947 -8.971 -8.994 -9.017 -9.040 -9.063
-8.561 -8.588 -8.616 -8.643 -8.669 -8.696 -8.722 -8.748 -8.774 -8.799 -8.825
-8.273 -8.303 -8.333 -8.362 -8.391 -8.420 -8.449 -8.477 -8.505 -8.533 -8.561
-7.963 -7.995 -8.027 -8.059 -8.090 -8.121 -8.152 -8.183 -8.213 -8.243 -8.273
-7.632 -7.666 -7.700 -7.733 -7.767 -7.800 -7.833 -7.866 -7.899 -7.931 -7.963
-7.279 -7.315 -7.351 -7.387 -7.423 -7.458 -7.493 -7.528 -7.563 -7.597 -7.632
-6.907 -6.945 -6.983 -7.021 -7.058 -7.096 -7.133 -7.170 -7.206 -7.243 -7.279
-6.516 -6.556 -6.596 -6.636 -6.675 -6.714 -6.753 -6.792 -6.831 -6.869 -6.907
-6.107 -6.149 -6.191 -6.232 -6.273 -6.314 -6.355 -6.396 -6.436 -6.476 -6.516
-5.681 -5.724 -5.767 -5.810 -5.853 -5.896 -5.939 -5.981 -6.023 -6.065 -6.107
-5.237 -5.282 -5.327 -5.372 -5.417 -5.461 -5.505 -5.549 -5.593 -5.637 -5.681
-4.777 -4.824 -4.871 -4.917 -4.963 -5.009 -5.055 -5.101 -5.147 -5.192 -5.237
-4.302 -4.350 -4.398 -4.446 -4.494 -A4.542 -A4.589 -4.636 -4.684 -4.731 -4.777
-3.811 -3.861 -3.911 -3.960 -4.009 -4.058 -4.107 -4.156 -4.205 -4.254 -4.302
-3.306 -3.357 -3.408 -3.459 -3.510 -3.561 -3.611 -3.661 -3.711 -3.761 -3.811
-2.787 -2.840 -2.892 -2.944 -2.996 -3.048 -3.100 -3.152 -3.204 -3.255 -3.306
-2.255 -2.309 -2.362 -2.416 -2.469 -2.523 -2.576 -2.629 -2.682 -2.735 -2.787
-1.709 -1.765 -1.820 -1.874 -1.929 -1.984 -2.038 -2.093 -2.147 -2.201 -2.255
-1.152 -1.208 -1.264 -1.320 -1.376 -1.432 -1.488 -1.543 -1.599 -1.654 -1.709
-0.582 -0.639 -0.697 -0.754 -0.811 -0.868 -0.925 -0.982 -1.039 -1.095 -1.152
0.000 -0.059 -0.117 -0.176 -0.234 -0.292 -0.350 -0.408 -0.466 -0.524 -0.582
) 1 2 3 4 5 6 7 8 9 10
0.000 0.059 0.118 0.176 0.235 0.294 0.354 0.413 0.472 0.532 0.591
0.591 0.651 0.711 0.770 0.830 0.890 0.950 1.010 1.071 1.131 1.192
1.192 1.252 1.313 1.373 1.434 1.495 1556 1.617 1.678 1.740 1.801
1.801 1.862 1.924 1986 2.047 2.109 2.171 2.233 2.295 2.357 2.420
2.420 2.482 2545 2607 2.670 2733 2.795 2.858 2921 2.984 3.048
3.048 3.111 3.174 3.238 3.301 3.365 3.429 3.492 3.556 3.620 3.685
3.685 3.749 3.813 3.877 3.942 4.006 4.071 4.136 4.200 4.265 4.330
4330 4.395 4.460 4.526 4.501 4.656 4.722 4.788 4.853 4.919 4.985
4985 5051 5117 5.183 5249 5315 5382 5448 5514 5581 5.648
5.648 5714 5781 5.848 50915 50982 6.049 6.117 6.184 6.251 6.319



°C ITS-90

100
110
120
130
140

150
160
170
180
190

200
210
220
230
240

250
260
270
280
290

300
310
320
330
340

350
360
370
380
390

400
410
420
430
440

450
460
470
480
490

500
510

530
540

Type E ( Nickel-chromium / copper-nickel)

10

6.319
6.998
7.685
8.379
9.081

9.789
10.503
11.224
11.951
12.684

13.421
14.164
14.912
15.664
16.420

17.181
17.945
18.713
19.484
20.259

21.036
21.817
22.600
23.386
24.174

24.964
25.757
26.552
27.348
28.146

28.946
29.747
30.550
31.354
32.159

32.965
33.772
34.579
35.387
36.196

37.005
37.815
38.624
39.434
40.243

6.386
7.066
7.754
8.449
9.151

9.860
10.575
11.297
12.024
12.757

13.495
14.239
14.987
15.739
16.496

17.257
18.021
18.790
19.561
20.336

21.114
21.895
22.678
23.464
24.253

25.044
25.836
26.631
27.428
28.226

29.026
29.827
30.630
31.434
32.239

33.045
33.852
34.660
35.468
36.277

37.086
37.896
38.705
39.515
40.324

6.454
7.135
7.823
8.519
9.222

9.931
10.647
11.369
12.097
12.831

13.569
14.313
15.062
15.815
16.572

17.333
18.098
18.867
19.639
20.414

21.192
21.973
22.757
23.543
24.332

25.123
25.916
26.711
27.507
28.306

29.106
29.908
30.711
31.515
32.320

33.126
33.933
34.741
35.549
36.358

37.167
37.977
38.786
39.596
40.405

6.522
7.203
7.892
8.589
9.292

10.003
10.719
11.442
12.170
12.904

13.644
14.388
15.137
15.890
16.648

17.409
18.175
18.944
19.716
20.492

21.270
22.051
22.835
23.622
24.411

25.202
25.995
26.790
27.587
28.386

29.186
29.988
30.791
31.595
32.400

33.207
34.014
34.822
35.630
36.439

37.248
38.058
38.867
39.677
40.486

6.590
7.272
7.962
8.659
9.363

10.074
10.791
11.514
12.243
12.978

13.718
14.463
15.212
15.966
16.724

17.486
18.252
19.021
19.794
20.569

21.348
22.130
22.914
23.701
24.490

25.281
26.075
26.870
27.667
28.466

29.266
30.068
30.871
31.676
32.481

33.287
34.095
34.902
35.711
36.520

37.329
38.139
38.948
39.758
40.567

6.658
7.341
8.031
8.729
9.434

10.145
10.863
11.587
12.317
13.052

13.792
14.537
15.287
16.041
16.800

17.562
18.328
19.098
19.871
20.647

21.426
22.208
22.993
23.780
24.569

25.360
26.154
26.950
27.747
28.546

29.346
30.148
30.952
31.756
32.562

33.368
34.175
34.983
35.792
36.601

37.410
38.220
39.029
39.839
40.648

6.725
7.409
8.101
8.799
9.505

10.217
10.935
11.660
12.390
13.126

13.866
14.612
15.362
16.117
16.876

17.639
18.405
19.175
19.948
20.725

21.504
22.286
23.071
23.858
24.648

25.440
26.233
27.029
27.827
28.626

29.427
30.229
31.032
31.837
32.642

33.449
34.256
35.064
35.873
36.682

37.491
38.300
39.110
39.920
40.729

6.794
7.478
8.170
8.869
9.576

10.288
11.007
11.733
12.463
13.199

13.941
14.687
15.438
16.193
16.952

17.715
18.482
19.252
20.026
20.803

21.582
22.365
23.150
23.937
24.727

25.519
26.313
27.109
27.907
28.706

29.507
30.309
31.112
31.917
32.723

33.529
34.337
35.145
35.954
36.763

37.572
38.381
39.191
40.001
40.810

6.862
7.547
8.240
8.940
9.647

10.360
11.080
11.805
12.537
13.273

14.015
14.762
15.513
16.269
17.028

17.792
18.559
19.330
20.103
20.880

21.660
22.443
23.228
24.016
24.806

25.598
26.392
27.189
27.986
28.786

29.587
30.389
31.193
31.998
32.803

33.610
34.418
35.226
36.034
36.843

37.653
38.462
39.272
40.082
40.891

6.930
7.616
8.309
9.010
9.718

10.432
11.152
11.878
12.610
13.347

14.090
14.837
15.588
16.344
17.104

17.868
18.636
19.407
20.181
20.958

21.739
22.522
23.307
24.095
24.885

25.678
26.472
27.268
28.066
28.866

29.667
30.470
31.273
32.078
32.884

33.691
34.498
35.307
36.115
36.924

37.734
38.543
39.353
40.163
40.972

6.998
7.685
8.379
9.081
9.789

10.503
11.224
11.951
12.684
13.421

14.164
14.912
15.664
16.420
17.181

17.945
18.713
19.484
20.259
21.036

21.817
22.600
23.386
24.174
24.964

25.757
26.552
27.348
28.146
28.946

29.747
30.550
31.354
32.159
32.965

33.772
34.579
35.387
36.196
37.005

37.815
38.624
39.434
40.243
41.053

15



°C ITS-90

16

550
560
570
580
590

600
610
620
630
640

650
660
670
680
690

700
710
720
730
740

750
760
770
780
790

800
810
820
830
840

850
860
870
880
890

900
910
920
930
940

Type E ( Nickel-chromium / copper-nickel)

10

41.053
41.862
42.671
43.479
44.286

45.093
45.900
46.705
47.509
48.313

49.116
49.917
50.718
51.517
52.315

53.112
53.908
54.703
55.497
56.289

57.080
57.870
58.659
59.446
60.232

61.017
61.801
62.583
63.364
64.144

64.922
65.698
66.473
67.246
68.017

68.787
69.554
70.319
71.082
71.844

41.134
41.943
42.751
43.560
44.367

45.174
45.980
46.785
47.590
48.393

49.196
49.997
50.798
51.597
52.395

53.192
53.988
54.782
55.576
56.368

57.159
57.949
58.738
59.525
60.311

61.096
61.879
62.662
63.442
64.222

65.000
65.776
66.550
67.323
68.094

68.863
69.631
70.396
71.159
71.920

41.215
42.024
42.832
43.640
44.448

45.255
46.061
46.866
47.670
48.474

49.276
50.077
50.878
51.677
52.475

53.272
54.067
54.862
55.655
56.447

57.238
58.028
58.816
59.604
60.390

61.174
61.958
62.740
63.520
64.300

65.077
65.853
66.628
67.400
68.171

68.940
69.707
70.472
71.235
71.996

41.296
42.105
42.913
43.721
44.529

45.335
46.141
46.946
47.751
48.554

49.356
50.157
50.958
51.757
52.555

53.351
54.147
54.941
55.734
56.526

57.317
58.107
58.895
59.682
60.468

61.253
62.036
62.818
63.598
64.377

65.155
65.931
66.705
67.478
68.248

69.017
69.784
70.548
71.311
72.072

41.377
42.185
42.994
43.802
44.609

45.416
46.222
47.027
47.831
48.634

49.436
50.238
51.038
51.837
52.634

53.431
54.226
55.021
55.814
56.606

57.396
58.186
58.974
59.761
60.547

61.331
62.114
62.896
63.676
64.455

65.233
66.008
66.782
67.555
68.325

69.094
69.860
70.625
71.387
72.147

41.457
42.266
43.075
43.883
44.690

45.497
46.302
47.107
47.911
48.715

49.517
50.318
51.118
51.916
52.714

53.510
54.306
55.100
55.893
56.685

57.475
58.265
59.053
59.839
60.625

61.409
62.192
62.974
63.754
64.533

65.310
66.086
66.860
67.632
68.402

69.171
69.937
70.701
71.463
72.223

41.538
42.347
43.156
43.963
44,771

45.577
46.383
47.188
47.992
48.795

49.597
50.398
51.197
51.996
52.794

53.590
54.385
55.179
55.972
56.764

57.554
58.343
59.131
59.918
60.704

61.488
62.271
63.052
63.832
64.611

65.388
66.163
66.937
67.709
68.479

69.247
70.013
70.777
71.539
72.299

41.619
42.428
43.236
44.044
44.851

45.658
46.463
47.268
48.072
48.875

49.677
50.478
51.277
52.076
52.873

53.670
54.465
55.259
56.051
56.843

57.633
58.422
59.210
59.997
60.782

61.566
62.349
63.130
63.910
64.689

65.465
66.241
67.014
67.786
68.556

69.324
70.090
70.854
71.615
72.375

41.700
42.509
43.317
44.125
44,932

45.738
46.544
47.349
48.152
48.955

49.757
50.558
51.357
52.156
52.953

53.749
54.544
55.338
56.131
56.922

57.712
58.501
59.289
60.075
60.860

61.644
62.427
63.208
63.988
64.766

65.543
66.318
67.092
67.863
68.633

69.401
70.166
70.930
71.692
72.451

41.781
42.590
43.398
44.206
45.013

45.819
46.624
47.429
48.233
49.035

49.837
50.638
51.437
52.236
53.033

53.829
54.624
55.417
56.210
57.001

57.791
58.580
59.367
60.154
60.939

61.723
62.505
63.286
64.066
64.844

65.621
66.396
67.169
67.940
68.710

69.477
70.243
71.006
71.768
72.527

41.862
42.671
43.479
44.286
45.093

45.900
46.705
47.509
48.313
49.116

49.917
50.718
51.517
52.315
53.112

53.908
54.703
55.497
56.289
57.080

57.870
58.659
59.446
60.232
61.017

61.801
62.583
63.364
64.144
64.922

65.698
66.473
67.246
68.017
68.787

69.554
70.319
71.082
71.844
72.603



°C ITS-90

950
960
970
980
990

1000

Type E ( Nickel-chromium / copper-nickel)

1

2

3

4

5 6 7 8

9 10

72.603
73.360
74.115
74.869
75.621

76.373

72.678
73.435
74.190
74.944
75.696

72.754
73.511
74.266
75.019
75.771

72.830
73.586
74.341
75.095
75.847

72.906
73.662
74.417
75.170
75.922

72.981 73.057 73.133 73.208
73.738 73.813 73.889 73.964
74.492 74.567 74.643 74.718
75.245 75.320 75.395 75.471
75.997 76.072 76.147 76.223

73.284 73.360
74.040 74.115
74.793 74.869
75.546 75.621
76.298 76.373

17



Thermoelectric voltage in mV

°C ITS-90

°C

18

-210
-200

-190
-180

-170
-160
-150

-50

-30

ITS-90

0
10
20
30
40

50
60
70
80
90

100
110
120
130
140

Type J (Iron / copper-nickel)

0 1 2 3 4 5 6 7 8 9 10
-8.095
-7.890 -7.912 -7.934 -7.955 -7.976 -7.996 -8.017 -8.037 -8.057 -8.076 -8.095
-7.659 -7.683 -7.707 -7.731 -7.755 -7.778 -7.801 -7.824 -7.846 -7.868 -7.890
-7.403 -7.429 -7.456 -7.482 -7.508 -7.534 -7.559 -7.585 -7.610 -7.634 -7.659
7123 -7.152 -7.181 -7.209 -7.237 -7.265 -7.293 -7.321 -7.348 -7.376 -7.403
-6.821 -6.853 -6.883 -6.914 -6.944 -6.975 -7.005 -7.035 -7.064 -7.094 -7.123
-6.500 -6.533 -6.566 -6.598 -6.631 -6.663 -6.695 -6.727 -6.759 -6.790 -6.821
-6.159 -6.194 -6.229 -6.263 -6.298 -6.332 -6.366 -6.400 -6.433 -6.467 -6.500
-5.801 -5.838 -5.874 -5.910 -5.946 -5.982 -6.018 -6.054 -6.089 -6.124 -6.159
-5.426 -5.465 -5503 -5541 -5578 -5.616 -5.653 -5.690 -5.727 -5.764 -5.801
-5.037 -5.076 -5.116 -5.155 -5.194 -5233 -5272 -5.311 -5.350 -5.388 -5.426
-4.633 -4.674 -4714 -4.755 -4.796 -4.836 -4.877 -4.917 -4.957 -4.997 -5.037
-4.215 -4.257 -4.300 -4.342 -4.384 -4.425 -4.467 -4.509 -4.550 -4.591 -4.633
-3.786 -3.829 -3.872 -3.916 -3.959 -4.002 -4.045 -4.088 -4.130 -4.173 -4.215
-3.344 -3.389 -3.434 -3.478 -3.522 -3.566 -3.610 -3.654 -3.698 -3.742 -3.786
-2.893 -2.938 -2.984 -3.029 -3.075 -3.120 -3.165 -3.210 -3.255 -3.300 -3.344
-2.431 -2.478 -2524 -2.571 -2.617 -2.663 -2.709 -2.755 -2.801 -2.847 -2.893
-1.961 -2.008 -2.055 -2.103 -2.150 -2.197 -2.244 -2.291 -2.338 -2.385 -2.431
-1.482 -1.530 -1578 -1.626 -1.674 -1.722 -1.770 -1.818 -1.865 -1.913 -1.961
-0.995 -1.044 -1.093 -1.142 -1.190 -1.239 -1.288 -1.336 -1.385 -1.433 -1.482
-0.501 -0.550 -0.600 -0.650 -0.699 -0.749 -0.798 -0.847 -0.896 -0.946 -0.995
0.000 -0.050 -0.101 -0.151 -0.201 -0.251 -0.301 -0.351 -0.401 -0.451 -0.501

0 1 2 3 4 5 6 7 8 9 10
0.000 0.050 0.101 0.151 0.202 0.253 0.303 0.354 0.405 0.456 0.507
0.507 0.558 0.609 0.660 0.711 0.762 0.814 0.865 0.916 0.968 1.019
1.019 1.071 1.122 1.174 1226 1277 1.329 1.381 1.433 1.485 1.537
1.537 1.589 1.641 1.693 1.745 1.797 1.849 1.902 1.954 2.006 2.059
2.059 2111 2.164 2216 2269 2.322 2374 2427 2480 2.532 2585
2.585 20638 2691 2.744 2797 2.850 2.90 32.956 3.009 3.062 3.116
3116 3.169 3.222 3275 3.329 3.382 3.436 3.489 3.543 3.596 3.650
3.650 3.703 3.757 3.810 3.864 3.918 3.971 4.025 4.079 4.133 4.187
4187 4240 4294 4348 4402 4456 4510 4564 4.618 4.672 4.726
4726 4781 4.835 4.889 4.943 4.997 5052 5106 5160 5215 5.269
5269 5.323 5378 5432 5487 5541 5595 5650 5.705 5759 5.814
5814 5868 5923 5977 6.032 6.087 6.141 6.196 6.251 6.306 6.360
6.360 6.415 6.470 6.525 6.579 6.634 6.689 6.744 6.799 6.854 6.909
6.909 6.964 7.019 7.074 7.129 7.184 7.239 7.294 7.349 7.404 7.459
7.459 7.514 7.569 7.624 7.679 7.734 7.789 7.844 7.900 7.955 8.010



°C ITS-90

150
160
170
180
190

200
210
220
230
240

250
260
270
280
290

300
310
320
330
340

350
360
370
380
390

400
410
420
430
440

450
460
470

490

500
510
520
530
540

Type J (Iron / copper-nickel)

10

8.010
8.562
9.115
9.669
10.224

10.779
11.334
11.889
12.445
13.000

13.555
14.110
14.665
15.219
15.773

16.327
16.881
17.434
17.986
18.538

19.090
19.642
20.194
20.745
21.297

21.848
22.400
22.952
23.504
24.057

24.610
25.164
25.720
26.276
26.834

27.393
27.953
28.516
29.080
29.647

8.065
8.618
9.171
9.725
10.279

10.834
11.389
11.945
12.500
13.056

13.611
14.166
14.720
15.275
15.829

16.383
16.936
17.489
18.041
18.594

19.146
19.697
20.249
20.800
21.352

21.903
22.455
23.007
23.559
24112

24.665
25.220
25.775
26.332
26.889

27.449
28.010
28.572
29.137
29.704

8.120
8.673
9.226
9.780
10.335

10.890
11.445
12.000
12.556
13.111

13.666
14.221
14.776
15.330
15.884

16.438
16.991
17.544
18.097
18.649

19.201
19.753
20.304
20.855
21.407

21.958
22.510
23.062
23.614
24.167

24.721
25.275
25.831
26.387
26.945

27.505
28.066
28.629
29.194
29.761

8.175
8.728
9.282
9.836
10.390

10.945
11.501
12.056
12.611
13.167

13.722
14.277
14.831
15.386
15.940

16.493
17.046
17.599
18.152
18.704

19.256
19.808
20.359
20.911
21.462

22.014
22.565
23.117
23.670
24.223

24.776
25.331
25.886
26.443
27.001

27.561
28.122
28.685
29.250
29.818

8.231
8.783
9.337
9.891
10.446

11.001
11.556
12.111
12.667
13.222

13.777
14.332
14.887
15.441
15.995

16.549
17.102
17.655
18.207
18.759

19.311
19.863
20.414
20.966
21.517

22.069
22.620
23.172
23.725
24.278

24.832
25.386
25.942
26.499
27.057

27.617
28.178
28.741
29.307
29.874

8.286 8.341
8.839 8.894
9.392 9.448
9.947 10.002
10.501 10.557

11.056 11.112
11.612 11.667
12.167 12.222
12.722 12.778
13.278 13.333

13.833 13.888
14.388 14.443
14.942 14.998
15.496 15.552
16.050 16.106

16.604 16.659
17.157 17.212
17.710 17.765
18.262 18.318
18.814 18.870

19.366 19.422
19.918 19.973
20.469 20.525
21.021 21.076
21.572 21.627

22.124 22.179
22.676 22.731
23.228 23.283
23.780 23.835
24.333 24.389

24.887 24.943
25.442 25.497
25.998 26.053
26.555 26.610
27.113 27.169

27.673 27.729
28.234 28.291
28.798 28.854
29.363 29.420
29.931 29.988

8.396
8.949
9.503
10.057
10.612

11.167
11.723
12.278
12.833
13.389

13.944
14.499
15.053
15.607
16.161

16.715
17.268
17.820
18.373
18.925

19.477
20.028
20.580
21.131
21.683

22.234
22.786
23.338
23.891
24.444

24.998
25.553
26.109
26.666
27.225

27.785
28.347
28.911
29.477
30.045

8.452
9.005
9.559
10.113
10.668

11.223
11.778
12.334
12.889
13.444

13.999
14.554
15.109
15.663
16.216

16.770
17.323
17.876
18.428
18.980

19.532
20.083
20.635
21.186
21.738

22.289
22.841
23.393
23.946
24.499

25.053
25.608
26.165
26.722
27.281

27.841
28.403
28.967
29.534
30.102

8.507
9.060
9.614
10.168
10.723

11.278
11.834
12.389
12.944
13.500

14.055
14.609
15.164
15.718
16.272

16.825
17.378
17.931
18.483
19.035

19.587
20.139
20.690
21.241
21.793

22.345
22.896
23.449
24.001
24.555

25.109
25.664
26.220
26.778
27.337

27.897
28.460
29.024
29.590
30.159

8.562
9.115
9.669
10.224
10.779

11.334
11.889
12.445
13.000
13.555

14.110
14.665
15.219
15.773
16.327

16.881
17.434
17.986
18.538
19.090

19.642
20.194
20.745
21.297
21.848

22.400
22.952
23.504
24.057
24.610

25.164
25.720
26.276
26.834
27.393

27.953
28.516
29.080
29.647
30.216
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°C ITS-90

20

550
560
570
580
590

600
610
620
630
640

650
660
670
680
690

700
710
720
730
740

750
760
770
780
790

800
810
820
830
840

850
860
870
880
890

900
910
920
930
940

Type J (Iron / copper-nickel)

2

10

30.216
30.788
31.362
31.939
32.519

33.102
33.689
34.279
34.873
35.470

36.071
36.675
37.284
37.896
38.512

39.132
39.755
40.382
41.012
41.645

42.281
42.919
43.559
44.203
44.848

45.494
46.141
46.786
47.431
48.074

48.715
49.353
49.989
50.622
51.251

51.877
52.500
53.119
53.735
54.347

30.273
30.845
31.419
31.997
32.577

33.161
33.748
34.338
34.932
35.530

36.131
36.736
37.345
37.958
38.574

39.194
39.818
40.445
41.075
41.708

42.344
42.983
43.624
44.267
44.913

45,559
46.205
46.851
47.495
48.138

48.779
49.417
50.052
50.685
51.314

51.940
52.562
53.181
53.796
54.408

30.330
30.902
31.477
32.055
32.636

33.219
33.807
34.397
34.992
35.590

36.191
36.797
37.406
38.019
38.636

39.256
39.880
40.508
41.138
41.772

42.408
43.047
43.688
44.332
44.977

45.624
46.270
46.915
47.560
48.202

48.843
49.481
50.116
50.748
51.377

52.002
52.624
53.243
53.857
54.469

30.387
30.960
31.535
32.113
32.694

33.278
33.866
34.457
35.051
35.650

36.252
36.858
37.467
38.081
38.698

39.318
39.943
40.570
41.201
41.835

42.472
43.111
43.752
44.396
45.042

45.688
46.334
46.980
47.624
48.267

48.907
49.544
50.179
50.811
51.439

52.064
52.686
53.304
53.919
54.530

30.444
31.017
31.592
32.171
32.752

33.337
33.925
34.516
35.111
35.710

36.312
36.918
37.528
38.142
38.760

39.381
40.005
40.633
41.265
41.899

42.536
43.175
43.817
44.461
45.107

45,753
46.399
47.044
47.688
48.331

48.971
49.608
50.243
50.874
51.502

52.127
52.748
53.366
53.980
54.591

30.502
31.074
31.650
32.229
32.810

33.395
33.984
34.575
35.171
35.770

36.373
36.979
37.590
38.204
38.822

39.443
40.068
40.696
41.328
41.962

42.599
43.239
43.881
44.525
45.171

45.818
46.464
47.109
47.753
48.395

49.034
49.672
50.306
50.937
51.565

52.189
52.810
53.427
54.041
54.652

30.559
31.132
31.708
32.287
32.869

33.454
34.043
34.635
35.230
35.830

36.433
37.040
37.651
38.265
38.884

39.505
40.131
40.759
41.391
42.026

42.663
43.303
43.945
44.590
45.236

45.882
46.528
47.173
47.817
48.459

49.098
49.735
50.369
51.000
51.627

52.251
52.872
53.489
54.102
54.713

30.616
31.189
31.766
32.345
32.927

33.513
34.102
34.694
35.290
35.890

36.494
37.101
37.712
38.327
38.946

39.568
40.193
40.822
41.455
42.090

42.727
43.367
44.010
44.655
45.301

45.947
46.593
47.238
47.881
48.523

49.162
49.799
50.432
51.063
51.690

52.314
52.934
53.550
54.164
54.773

30.673
31.247
31.823
32.403
32.985

33.571
34.161
34.754
35.350
35.950

36.554
37.162
37.773
38.389
39.008

39.630
40.256
40.886
41.518
42.153

42.791
43.431
44.074
44.719
45.365

46.011
46.657
47.302
47.946
48.587

49.226
49.862
50.495
51.126
51.752

52.376
52.996
53.612
54.225
54.834

30.730
31.304
31.881
32.461
33.044

33.630
34.220
34.813
35.410
36.010

36.615
37.223
37.835
38.450
39.070

39.693
40.319
40.949
41.581
42.217

42.855
43.495
44.139
44.784
45.430

46.076
46.722
47.367
48.010
48.651

49.290
49.926
50.559
51.188
51.815

52.438
53.057
53.673
54.286
54.895

30.788
31.362
31.939
32.519
33.102

33.689
34.279
34.873
35.470
36.071

36.675
37.284
37.896
38.512
39.132

39.755
40.382
41.012
41.645
42.281

42.919
43.559
44.203
44.848
45.494

46.141
46.786
47.431
48.074
48.715

49.353
49.989
50.622
51.251
51.877

52.500
53.119
53.735
54.347
54.956



°C ITS-90

950
960
970
980
990

1000
1010
1020
1030
1040

1050
1060
1070
1080
1090

1100
1110
1120
1130
1140

1150
1160
1170
1180
1190

1200

Type J (Iron / copper-nickel)

0

1

2

3

4

5

6

7

8

9

10

54.956
55.561
56.164
56.763
57.360

57.953
58.545
59.134
59.721
60.307

60.890
61.473
62.054
62.634
63.214

63.792
64.370
64.948
65.525
66.102

66.679
67.255
67.831
68.406
68.980

69.553

55.016
55.622
56.224
56.823
57.419

58.013
58.604
59.193
59.780
60.365

60.949
61.531
62.112
62.692
63.271

63.850
64.428
65.006
65.583
66.160

66.737
67.313
67.888
68.463
69.037

55.077
55.682
56.284
56.883
57.479

58.072
58.663
59.252
59.838
60.423

61.007
61.589
62.170
62.750
63.329

63.908
64.486
65.064
65.641
66.218

66.794
67.370
67.946
68.521
69.095

55.138
55.742
56.344
56.942
57.538

58.131
58.722
59.310
59.897
60.482

61.065
61.647
62.228
62.808
63.387

63.966
64.544
65.121
65.699
66.275

66.852
67.428
68.003
68.578
69.152

55.198
55.803
56.404
57.002
57.597

58.190
58.781
59.369
59.956
60.540

61.123
61.705
62.286
62.866
63.445

64.024
64.602
65.179
65.756
66.333

66.910
67.486
68.061
68.636
69.209

55.259
55.863
56.464
57.062
57.657

58.249
58.840
59.428
60.014
60.599

61.182
61.763
62.344
62.924
63.503

64.081
64.659
65.237
65.814
66.391

66.967
67.543
68.119
68.693
69.267

56.319
55.923
56.524
57.121
57.716

58.309
58.899
59.487
60.073
60.657

61.240
61.822
62.402
62.982
63.561

64.139
64.717
65.295
65.872
66.448

67.025
67.601
68.176
68.751
69.324

55.380
55.983
56.584
57.181
57.776

58.368
58.957
59.545
60.131
60.715

61.298
61.880
62.460
63.040
63.619

64.197
64.775
65.352
65.929
66.506

67.082
67.658
68.234
68.808
69.381

55.440
56.043
56.643
57.240
57.835

58.427
59.016
59.604
60.190
60.774

61.356
61.938
62.518
63.098
63.677

64.255
64.833
65.410
65.987
66.564

67.140
67.716
68.291
68.865
69.439

55.501
56.104
56.703
57.300
57.894

58.486
59.075
59.663
60.248
60.832

61.415
61.996
62.576
63.156
63.734

64.313
64.890
65.468
66.045
66.621

67.198
67.773
68.348
68.923
69.496

55.561
56.164
56.763
57.360
57.953

58.545
59.134
59.721
60.307
60.890

61.473
62.054
62.634
63.214
63.792

64.370
64.948
65.525
66.102
66.679

67.255
67.831
68.406
68.980
69.553
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Thermoelectric voltage in mV

°C ITS-90

-270
-260
-250

-240
-230
-220
-210
-200

-190
-180
-170
-160
-150

-50

-40
-30
-20
-10

°C ITS-90

22

0
10
20
30
40

50
60
70
80
90

Type K ( Nickel-chromium / nickel-aluminium)

0 1 2 3 4 5 6 7 8 9 10
-6.458
-6.441 -6.444 -6.446 -6.448 -6.450 -6.452 -6.453 -6.455 -6.456 -6.457 -6.458
-6.404 -6.408 -6.413 -6.417 -6.421 -6.425 -6.429 -6.432 -6.435 -6.438 -6.441
-6.344 -6.351 -6.358 -6.364 -6.370 -6.377 -6.382 -6.388 -6.393 -6.399 -6.404
-6.262 -6.271 -6.280 -6.289 -6.297 -6.306 -6.314 -6.322 -6.329 -6.337 -6.344
-6.158 -6.170 -6.181 -6.192 -6.202 -6.213 -6.223 -6.233 -6.243 -6.252 -6.262
-6.035 -6.048 -6.061 -6.074 -6.087 -6.099 -6.111 -6.123 -6.135 -6.147 -6.158
-5.891 -5.907 -5.922 -5.936 -5.951 -5.965 -5.980 -5.994 -6.007 -6.021 -6.035
-5.730 -5.747 -5.763 -5.780 -5.797 -5.813 -5.829 -5.845 -5.861 -5.876 -5.891
-5.6560 -5.569 -5.588 -5.606 -5.624 -5.642 -5.660 -5.678 -5.695 -5.713 -5.730
-5.354 -5.374 -5.395 -5.415 -5.435 -5.454 -5.474 -5.493 -5.512 -5.531 -5.550
-5.141 -5.163 -5.185 -5.207 -5.228 -5.250 -5.271 -5.292 -5.313 -5.333 -5.354
-4.913 -4.936 -4.960 -4.983 -5.006 -5.029 -5.052 -5.074 -5.097 -5.119 -5.141
-4.669 -4.694 -4.719 -4.744 -4.768 -4.793 -4.817 -4.841 -4.865 -4.889 -4.913
-4.411 -4.437 -4.463 -4.490 -4.516 -4.542 -4.567 -4.593 -4.618 -4.644 -4.669
-4.138 -4.166 -4.194 -4.221 -4.249 -4.276 -4.303 -4.330 -4.357 -4.384 -4.411
-3.852 -3.882 -3.911 -3.939 -3.968 -3.997 -4.025 -4.054 -4.082 -4.110 -4.138
-3.554 -3.584 -3.614 -3.645 -3.675 -3.705 -3.734 -3.764 -3.794 -3.823 -3.852
-3.243 -3.274 -3.306 -3.337 -3.368 -3.400 -3.431 -3.462 -3.492 -3.523-3.554
-2.920 -2.953 -2.986 -3.018 -3.050 -3.083 -3.115 -3.147 -3.179 -3.211 -3.243
-2.587 -2.620 -2.654 -2.688 -2.721 -2.755 -2.788 -2.821 -2.854 -2.887 -2.920
-2.243 -2.278 -2.312 -2.347 -2.382 -2.416 -2.450 -2.485 -2.519 -2.553 -2.587
-1.889 -1.925 -1.961 -1.996 -2.032 -2.067 -2.103 -2.138 -2.173 -2.208 -2.243
-1.527 -1.564 -1.600 -1.637 -1.673 -1.709 -1.745 -1.782 -1.818 -1.854 -1.889
-1.156 -1.194 -1.231 -1.268 -1.305 -1.343 -1.380 -1.417 -1.453 -1.490 -1.527
-0.778 -0.816 -0.854 -0.892 -0.930 -0.968 -1.006 -1.043 -1.081 -1.119 -1.156
-0.392 -0.431 -0.470 -0.508 -0.547 -0.586 -0.624 -0.663 -0.701 -0.739 -0.778
0.000

(0] 1 2 3 4 5 6 7 8 9 10
0.000 0.039 0.079 0.119 0.158 0.198 0.238 0.277 0.317 0.357 0.397
0.397 0437 0477 0.517 0.557 0597 0.637 0.677 0.718 0.758 0.798
0.798 0.838 0.879 0.919 0.960 1.000 1.041 1.081 1.122 1.163 1.203
1.203 1.244 1285 1.326 1.366 1.407 1.448 1.489 1530 1571 1.612
1.612 1.653 1.694 1.735 1.776 1.817 1.858 1.899 1.941 1.982 2.023
2.023 2064 2106 2.147 2188 2230 2.271 2312 2354 2395 2.436
2436 2478 2519 2561 2602 2.644 2685 2727 2768 2810 2.851
2.851 2893 2934 2976 3.017 3.059 3.100 3.142 3.184 3.225 3.267
3.267 3.308 3.350 3.391 3.433 3474 3516 3557 3.599 3.640 3.682
3.682 3.723 3.765 3.806 3.848 3.889 3.931 3.972 4.013 4.055 4.096



°C ITS-90

100
110
120
130
140

150
160
170
180
190

200
210
220
230
240

250
260
270

290

300
310
320
330
340

350
360
370
380
390

400
410
420

440

450
460
470

490

500
510
520
530
540

Type K ( Nickel-chromium / nickel-aluminium)

10

4.096
4.509
4.920
5.328
5.735

6.138
6.540
6.941
7.340
7.739

8.138
8.539
8.940
9.343
9.747

10.153
10.561
10.971
11.382
11.795

12.209
12.624
13.040
13.457
13.874

14.293
14.713
15.133
15.554
15.975

16.397
16.820
17.243
17.667
18.091

18.516
18.941
19.366
19.792
20.218

20.644
21.071
21.497
21.924
22.350

4.138
4.550
4.961
5.369
5.775

6.179
6.580
6.981
7.380
7.779

8.178
8.579
8.980
9.383
9.788

10.194
10.602
11.012
11.423
11.836

12.250
12.665
13.081
13.498
13.916

14.335
14.755
15.175
15.596
16.017

16.439
16.862
17.285
17.709
18.134

18.558
18.983
19.409
19.835
20.261

20.687
21.113
21.540
21.966
22.393

4.179
4.591
5.002
5.410
5.815

6.219
6.620
7.021
7.420
7.819

8.218
8.619
9.020
9.423
9.828

10.235
10.643
11.053
11.465
11.877

12.291
12.707
13.123
13.540
13.958

14.377
14.797
15.217
15.638
16.059

16.482
16.904
17.328
17.752
18.176

18.601
19.026
19.451
19.877
20.303

20.730
21.156
21.582
22.009
22.435

4.220
4.633
5.043
5.450
5.856

6.259
6.660
7.060
7.460
7.859

8.258
8.659
9.061
9.464
9.869

10.276
10.684
11.094
11.506
11.919

12.333
12.748
13.165
13.582
14.000

14.419
14.839
15.259
15.680
16.102

16.524
16.947
17.370
17.794
18.218

18.643
19.068
19.494
19.920
20.346

20.772
21.199
21.625
22.052
22.478

4.262
4.674
5.084
5.491
5.896

6.299
6.701
7.100
7.500
7.899

8.298
8.699
9.101
9.504
9.909

10.316
10.725
11.135
11.547
11.960

12.374
12.790
13.206
13.624
14.042

14.461
14.881
15.301
15.722
16.144

16.566
16.989
17.413
17.837
18.261

18.686
19.111
19.537
19.962
20.389

20.815
21.241
21.668
22.094
22.521

14.503
14.923
15.343
15.764
16.186

16.608
17.031
17.455
17.879
18.303

18.728
19.154
19.579
20.005
20.431

20.857
21.284
21.710
22.137
22.563

4.344
4.756
5.165
5.572
5.977

6.380
6.781
7.180
7.579
7.979

8.378
8.779
9.181
9.585
9.991

10.398
10.807
11.217
11.630
12.043

12.457
12.873
13.290
13.707
14.126

14.545
14.965
15.385
15.806
16.228

16.651
17.074
17.497
17.921
18.346

18.771
19.196
19.622
20.048
20.474

20.900
21.326
21.753
22.179
22.606

4.385
4.797
5.206
5.613
6.017

6.420
6.821
7.220
7.619
8.019

8.418
8.819
9.222
9.626
10.031

10.439
10.848
11.259
11.671
12.084

12.499
12.915
13.331
13.749
14.167

14.587
15.007
15.427
15.849
16.270

16.693
17.116
17.540
17.964
18.388

18.813
19.239
19.664
20.090
20.516

20.943
21.369
21.796
22.222
22.649

4.427
4.838
5.247
5.653
6.058

6.460
6.861
7.260
7.659
8.059

8.458
8.860
9.262
9.666
10.072

10.480
10.889
11.300
11.712
12.126

12.540
12.956
13.373
13.791
14.209

14.629
15.049
15.469
15.891
16.313

16.735
17.158
17.582
18.006
18.431

18.856
19.281
19.707
20.133
20.559

20.985
21.412
21.838
22.265
22.691

4.468
4.879
5.288
5.694
6.098

6.500
6.901
7.300
7.699
8.099

8.499
8.900
9.302
9.707
10.113

10.520
10.930
11.341
11.753
12.167

12.582
12.998
13.415
13.833
14.251

14.671
15.091
15.511
15.933
16.355

16.778
17.201
17.624
18.049
18.473

18.898
19.324
19.750
20.175
20.602

21.028
21.454
21.881
22.307
22.734

4.509
4.920
5.328
5.735
6.138

6.540
6.941
7.340
7.739
8.138

8.539
8.940
9.343
9.747
10.153

10.561
10.971
11.382
11.795
12.209

12.624
13.040
13.457
13.874
14.293

14.713
15.133
15.554
15.975
16.397

16.820
17.243
17.667
18.091
18.516

18.941
19.366
19.792
20.218
20.644

21.071
21.497
21.924
22.350
22.776

23



°C ITS-90

24

550
560
570
580
590

600
610
620
630
640

650
660
670
680
690

700
710
720
730
740

750
760
770
780
790

800
810
820
830
840

850
860
870
880
890

900
910
920
930
940

Type K ( Nickel-chromium / nickel-aluminium)

10

22.776
23.203
23.629
24.055
24.480

24.905
25.330
25.755
26.179
26.602

27.025
27.447
27.869
28.289
28.710

29.129
29.548
29.965
30.382
30.798

31.213
31.628
32.041
32.453
32.865

33.275
33.685
34.093
34.501
34.908

35.313
35.718
36.121
36.524
36.925

37.326
37.725
38.124
38.522
38.918

22.819
23.245
23.671
24.097
24.523

24.948
25.373
25.797
26.221
26.644

27.067
27.489
27.911
28.332
28.752

29.171
29.589
30.007
30.424
30.840

31.255
31.669
32.082
32.495
32.906

33.316
33.726
34.134
34.542
34.948

35.354
35.758
36.162
36.564
36.965

37.366
37.765
38.164
38.561
38.958

22.862
23.288
23.714
24.140
24.565

24.990
25.415
25.840
26.263
26.687

27.109
27.531
27.953
28.374
28.794

29.213
29.631
30.049
30.466
30.881

31.296
31.710
32.124
32.536
32.947

33.357
33.767
34.175
34.582
34.989

35.394
35.798
36.202
36.604
37.006

37.406
37.805
38.204
38.601
38.997

22.904
23.331
23.757
24.182
24.608

25.033
25.458
25.882
26.306
26.729

27.152
27.574
27.995
28.416
28.835

29.255
29.673
30.090
30.507
30.923

31.338
31.752
32.165
32.577
32.988

33.398
33.808
34.216
34.623
35.029

35.435
35.839
36.242
36.644
37.046

37.446
37.845
38.243
38.641
39.037

22.947
23.373
23.799
24.225
24.650

25.075
25.500
25.924
26.348
26.771

27.194
27.616
28.037
28.458
28.877

29.297
29.715
30.132
30.549
30.964

31.379
31.793
32.206
32.618
33.029

33.439
33.848
34.257
34.664
35.070

35.475
35.879
36.282
36.685
37.086

37.486
37.885
38.283
38.680
39.076

22.990
23.416
23.842
24.267
24.693

25.118
25.543
25.967
26.390
26.814

27.236
27.658
28.079
28.500
28.919

29.338
29.757
30.174
30.590
31.006

31.421
31.834
32.247
32.659
33.070

33.480
33.889
34.297
34.704
35.110

35.516
35.920
36.323
36.725
37.126

37.526
37.925
38.323
38.720
39.116

23.032
23.458
23.884
24.310
24.735

25.160
25.585
26.009
26.433
26.856

27.278
27.700
28.121
28.542
28.961

29.380
29.798
30.216
30.632
31.047

31.462
31.876
32.289
32.700
33.111

33.521
33.930
34.338
34.745
35.151

35.556
35.960
36.363
36.765
37.166

37.566
37.965
38.363
38.760
39.155

23.075
23.501
23.927
24.353
24.778

25.203
25.627
26.052
26.475
26.898

27.320
27.742
28.163
28.584
29.003

29.422
29.840
30.257
30.674
31.089

31.504
31.917
32.330
32.742
33.152

33.562
33.971
34.379
34.786
35.192

35.596
36.000
36.403
36.805
37.206

37.606
38.005
38.402
38.799
39.195

23.117
23.544
23.970
24.395
24.820

25.245
25.670
26.094
26.517
26.940

27.363
27.784
28.205
28.626
29.045

29.464
29.882
30.299
30.715
31.130

31.545
31.958
32.371
32.783
33.193

33.603
34.012
34.420
34.826
35.232

35.637
36.041
36.443
36.845
37.246

37.646
38.044
38.442
38.839
39.235

23.160
23.586
24.012
24.438
24.863

25.288
25.712
26.136
26.560
26.983

27.405
27.826
28.247
28.668
29.087

29.506
29.924
30.341
30.757
31.172

31.586
32.000
32.412
32.824
33.234

33.644
34.053
34.460
34.867
35.273

35.677
36.081
36.484
36.885
37.286

37.686
38.084
38.482
38.878
39.274

23.203
23.629
24.055
24.480
24.905

25.330
25.755
26.179
26.602
27.025

27.447
27.869
28.289
28.710
29.129

29.548
29.965
30.382
30.798
31.213

31.628
32.041
32.453
32.865
33.275

33.685
34.093
34.501
34.908
35.313

35.718
36.121
36.524
36.925
37.326

37.725
38.124
38.522
38.918
39.314



°C ITS-90

950
960
970
980
990

1000
1010
1020
1030
1040

1050
1060
1070
1080
1090

1100
1110
1120
1130
1140

1150
1160
1170
1180
1190

1200
1210
1220
1230
1240

1250
1260
1270
1280
1290

1300
1310
1320
1330
1340

1350
1360
1370

Type K ( Nickel-chromium / nickel-aluminium)

2

9

10

39.314
39.708
40.101
40.494
40.885

41.276
41.665
42.053
42.440
42.826

43.211
43.595
43.978
44.359
44.740

45.119
45.497
45.873
46.249
46.623

46.995
47.367
47.737
48.105
48.473

48.838
49.202
49.565
49.926
50.286

50.644
51.000
51.355
51.708
52.060

52.410
52.759
53.106
53.451
53.795

54.138
54.479
54.819

39.353
39.747
40.141
40.533
40.924

41.315
41.704
42.092
42.479
42.865

43.250
43.633
44.016
44.397
44.778

45.157
45.534
45,911
46.286
46.660

47.033
47.404
47.774
48.142
48.509

48.875
49.239
49.601
49.962
50.322

50.680
51.036
51.391
51.744
52.095

52.445
52.794
53.140
53.486
53.830

54.172
54.513
54.852

39.393
39.787
40.180
40.572
40.963

41.354
41.743
42.131
42.518
42.903

43.288
43.672
44.054
44.435
44.816

45.194
45.572
45.948
46.324
46.697

47.070
47.441
47.811
48.179
48.546

48.911
49.275
49.637
49.998
50.358

50.715
51.071
51.426
51.779
52.130

52.480
52.828
53.175
53.520
53.864

54.206
54.547
54.886

39.432
39.826
40.219
40.611
41.002

41.393
41.781
42.169
42.556
42.942

43.327
43.710
44.092
44.473
44.853

45.232
45.610
45.986
46.361
46.735

47.107
47.478
47.848
48.216
48.582

48.948
49.311
49.674
50.034
50.393

50.751
51.107
51.461
51.814
52.165

52.515
52.863
53.210
53.555
53.898

54.240
54.581

39.471
39.866
40.259
40.651
41.042

41.431
41.820
42.208
42.595
42.980

43.365
43.748
44.130
44.512
44.891

45.270
45.647
46.024
46.398
46.772

47.144
47.515
47.884
48.252
48.619

48.984
49.348
49.710
50.070
50.429

50.787
51.142
51.497
51.849
52.200

52.550
52.898
53.244
53.589
53.932

54.274
54.615

39.511
39.905
40.298
40.690
41.081

41.470
41.859
42.247
42.633
43.019

43.403
43.787
44.169
44.550
44.929

45.308
45.685
46.061
46.436
46.809

47.181
47.552
47.921
48.289
48.656

49.021
49.384
49.746
50.106
50.465

50.822
51.178
51.532
51.885
52.235

52.585
52.932
53.279
53.623
53.967

54.308
54.649

39.550
39.944
40.337
40.729
41.120

41.509
41.898
42.286
42.672
43.057

43.442
43.825
44.207
44.588
44.967

45.346
45.723
46.099
46.473
46.847

47.218
47.589
47.958
48.326
48.692

49.057
49.420
49.782
50.142
50.501

50.858
51.213
51.567
51.920
52.270

52.620
52.967
53.313
53.658
54.001

54.343
54.683

39.590
39.984
40.376
40.768
41.159

41.548
41.937
42.324
42.711
43.096

43.480
43.863
44.245
44.626
45.005

45.383
45.760
46.136
46.511
46.884

47.256
47.626
47.995
48.363
48.729

49.093
49.456
49.818
50.178
50.537

50.894
51.249
51.603
51.955
52.305

52.654
53.002
53.348
53.692
54.035

54.377
54.717

39.629
40.023
40.415
40.807
41.198

41.587
41.976
42.363
42.749
43.134

43.518
43.901
44.283
44.664
45.043

45.421
45.798
46.174
46.548
46.921

47.293
47.663
48.032
48.399
48.765

49.130
49.493
49.854
50.214
50.572

50.929
51.284
51.638
51.990
52.340

52.689
53.037
53.382
53.727
54.069

54.411
54.751

39.669
40.062
40.455
40.846
41.237

41.626
42.014
42.402
42.788
43.173

43.557
43.940
44.321
44.702
45.081

45.459
45.836
46.211
46.585
46.958

47.330
47.700
48.069
48.436
48.802

49.166
49.529
49.890
50.250
50.608

50.965
51.320
51.673
52.025
52.375

52.724
53.071
53.417
53.761
54.104

54.445
54.785

39.708
40.101
40.494
40.885
41.276

41.665
42.053
42.440
42.826
43.211

43.595
43.978
44.359
44.740
45.119

45.497
45.873
46.249
46.623
46.995

47.367
47.737
48.105
48.473
48.838

49.202
49.565
49.926
50.286
50.644

51.000
51.355
51.708
52.060
52.410

52.759
53.106
53.451
53.795
54.138

54.479
54.819

25



Type R ( Platinum - 13% rhodium/platinum)

Thermoelectric voltage in mV

°C ITS-90

°C

26

-50
-40
-30
-20
-10

0

ITS-90

0
10
20
30
40
50
60
70
80
90

100
110
120
130
140

150
160
170
180
190

200
210
220
230
240

250
260
270
280
290

0 1 2 3 4 5 6 7 8 9 10
-0.226
-0.188 -0.192 -0.196 -0.200 -0.204 -0.208 -0.211 -0.215 -0.219 -0.223 -0.226
-0.145 -0.150 -0.154 -0.158 -0.163 -0.167 -0.171 -0.175 -0.180 -0.184 -0.188
-0.100 -0.105 -0.109 -0.114 -0.119 -0.123 -0.128 -0.132 -0.137 -0.141 -0.145
-0.051 -0.056 -0.061 -0.066 -0.071 -0.076 -0.081 -0.086 -0.091 -0.095 -0.100
0.000 -0.005 -0.011 -0.016 -0.021 -0.026 -0.031 -0.036 -0.041 -0.046 -0.051
0 1 2 3 4 5 6 7 8 9 10
0.000 0.005 0.011 0.016 0.021 0.027 0.032 0.038 0.043 0.049 0.054
0.054 0.060 0.065 0.071 0.077 0.082 0.088 0.094 0.100 0.105 0.111
0.111 0.117 0.123 0.129 0.135 0.141 0.147 0.153 0.159 0.165 0.171
0.171 0.177 0.183 0.189 0.195 0201 0.207 0.214 0.220 0.226 0.232
0.232 0.239 0.245 0.251 0.258 0.264 0.271 0.277 0.284 0.290 0.296
0.296 0.303 0.310 0.316 0.323 0.329 0.336 0.343 0.349 0.356 0.363
0.363 0.369 0.376 0.383 0.390 0.397 0.403 0.410 0.417 0.424 0.431
0.431 0.438 0445 0.452 0.459 0.466 0.473 0.480 0.487 0.494 0.501
0501 0.508 0.516 0.523 0.530 0.537 0.544 0.552 0.559 0.566 0.573
0573 0581 0.588 0.595 0.603 0.610 0.618 0.625 0.632 0.640 0.647
0.647 0.655 0.662 0.670 0.677 0.685 0.693 0.700 0.708 0.715 0.723
0.723 0731 0738 0.746 0.754 0.761 0.769 0.777 0.785 0.792 0.800
0.800 0.808 0.816 0.824 0.832 0.839 0.847 0.855 0.863 0.871 0.879
0.879 0.887 0.895 0.903 0.911 0.919 0.927 0.935 0.943 0.951 0.959
0.959 0.967 0.976 0.984 0.992 1.000 1.008 1.016 1.025 1.033 1.041
1.041 1.049 1.058 1.066 1.074 1.082 1.091 1.099 1.107 1.116 1.124
1124 1.132 1.141 1.149 1.158 1.166 1.175 1.183 1.191 1.200 1.208
1.208 1217 1.225 1.234 1242 1251 1260 1268 1.277 1.285 1.294
1.294 1.303 1.311 1.320 1.329 1.337 1.346 1.355 1.363 1.372 1.381
1.381 1.389 1.398 1.407 1.416 1.425 1.433 1442 1.451 1.460 1.469
1.469 1477 1.486 1.495 1504 1513 1522 1531 1540 1.549 1.558
1558 1.567 1.575 1.584 1593 1.602 1.611 1.620 1.629 1.639 1.648
1.648 1657 1.666 1.675 1.684 1.693 1702 1711 1.720 1.729 1.739
1.739 1748 1757 1.766 1775 1.784 1794 1.803 1.812 1.821 1.831
1.831 1.840 1.849 1.858 1.868 1.877 1.886 1.895 1.905 1.914 1.923
1.923 1933 1.942 1951 1.961 1.970 1.980 1.989 1.998 2.008 2.017
2.017 2.027 2.036 2.046 2.055 2.064 2.074 2.083 2.093 2.102 2.112
2112 2121 2131 2140 2.150 2.159 2.169 2.179 2.188 2.198 2.207
2.207 2217 2226 2236 2246 2255 2265 2275 2284 2294 2.304
2304 2313 2323 2.333 2342 2.352 2.362 2371 2.381 2391 2.401



°C ITS-90

300
310
320
330
340

350
360
370
380
390

400
410
420
430
440

450
460
470
480
490

500
510
520
530
540

550

570
580
590

600
610
620
630
640

650
660
670
680
690

Type R ( Platinum - 13% rhodium/platinum)

0 1 2 3 4 5 6 7 8 9 10
2401 2.410 2.420 2.430 2440 2449 2459 2469 2479 2488 2.498
2.498 2508 2518 2528 2538 2547 2557 2567 2577 2587 2597
2597 2607 2617 2.626 2.636 2.646 2.656 2.666 2.676 2.686 2.696
2.696 2.706 2.716 2.726 2.736 2.746 2.756 2.766 2.776 2.786 2.796
2.796 2.806 2.816 2.826 2.836 2.846 2.856 2.866 2.876 2.886 2.896
2.896 2906 2916 2926 2937 2947 2957 2967 2977 2987 2997
2.997 3.007 3.018 3.028 3.038 3.048 3.058 3.068 3.079 3.089 3.099
3.099 3.109 3.119 3.130 3.140 3.150 3.160 3.171 3.181 3.191 3.201
3.201 3.212 3.222 3.232 3.242 3.253 3.263 3.273 3.284 3.294 3.304
3.304 3.315 3.325 3.335 3.346 3.356 3.366 3.377 3.387 3.397 3.408
3.408 3.418 3.428 3.439 3.449 3460 3.470 3.480 3.491 3501 3.512
3.5612 3.522 3.533 3.543 3.553 3.564 3.574 3585 3.595 3.606 3.616
3.616 3.627 3.637 3.648 3.658 3.669 3.679 3.690 3.700 3.711 3.721
3.721 3.732 3.742 3.753 3.764 3.774 3.785 3.795 3.806 3.816 3.827
3.827 3.838 3.848 3.859 3.869 3.880 3.891 3.901 3.912 3.922 3.933
3.933 3.944 3,954 3965 3.976 3.986 3.997 4.008 4.018 4.029 4.040
4.040 4.050 4.061 4.072 4.083 4.093 4.104 4.115 4.125 4.136 4.147
4.147 4.158 4.168 4.179 4.190 4.201 4.211 4.222 4.233 4.244 4.255
4.255 4.265 4.276 4.287 4.298 4.309 4.319 4.330 4.341 4.352 4.363
4.363 4.373 4.384 4.395 4.406 4.417 4.428 4.439 4.449 4.460 4.471
4471 4.482 4.493 4504 4515 4526 4.537 4548 4.558 4.569 4.580
4580 4.591 4.602 4.613 4.624 4.635 4.646 4.657 4.668 4.679 4.690
4690 4.701 4.712 4.723 4.734 4745 4756 4.767 4.778 4.789 4.800
4800 4.811 4.822 4.833 4.844 4855 4.866 4.877 4.888 4.899 4.910
4.910 4.922 4933 4.944 4955 4966 4.977 4.988 4.999 5.010 5.021
5.021 5.033 5.044 5.055 5.066 5.077 5.088 5.099 5.111 5.122 5.133
5133 5.144 5155 5.166 5.178 5.189 5.200 5.211 5.222 5.234 5.245
5.245 5256 5.267 5.279 5.290 5.301 5.312 5323 5.335 5.346 5.357
5357 5.369 5.380 5.391 5.402 5414 5425 5436 5.448 5.459 5.470
5470 5481 5493 5.504 5515 5527 5538 5549 5561 5572 5.583
5583 5595 5606 5618 5.629 5640 5.652 5.663 5.674 5.686 5.697
5.697 5709 5720 5.731 5.743 5.754 5.766 5.777 5.789 5.800 5.812
5812 5.823 5834 5846 5857 5869 5.880 5.892 5903 5915 5.926
5926 5.938 5.949 5961 5972 5984 5995 6.007 6.018 6.030 6.041
6.041 6.053 6.065 6.076 6.088 6.099 6.111 6.122 6.134 6.146 6.157
6.157 6.169 6.180 6.192 6.204 6.215 6.227 6.238 6.250 6.262 6.273
6.273 6.285 6.297 6.308 6.320 6.332 6.343 6.355 6.367 6.378 6.390
6.390 6.402 6.413 6.425 6.437 6.448 6.460 6.472 6.484 6.495 6.507
6.507 6.519 6.531 6.542 6.554 6.566 6.578 6.589 6.601 6.613 6.625
6.625 6.636 6.648 6.660 6.672 6.684 6.695 6.707 6.719 6.731 6.743

27



°C

28

ITS-90

700
710
720
730
740

750
760
770
780
790

800
810
820
830
840

850
860
870
880
890

900
910
920
930
940

950
960
970
980
990

1000
1010
1020
1030
1040

1050
1060
1070
1080
1090

Type R ( Platinum - 13% rhodium/platinum)

(0] 1 2 3 4 5 6 7 8 9 10
6.743 6.755 6.766 6.778 6.790 6.802 6.814 6.826 6.838 6.849 6.861
6.861 6.873 6.885 6.897 6.909 6.921 6.933 6.945 6.956 6.968 6.980
6.980 6.992 7.004 7.016 7.028 7.040 7.052 7.064 7.076 7.088 7.100
7.100 7.112 7.124 7.136 7.148 7.160 7.172 7.184 7.196 7.208 7.220
7.220 7.232 7.244 7.256 7.268 7.280 7.292 7.304 7.316 7.328 7.340
7.340 7.352 7.364 7.376 7.389 7.401 7.413 7.425 7.437 7.449 7.461
7.461 7.473 7.485 7.498 7.510 7.522 7.534 7.546 7.558 7.570 7.583
7.583 7595 7.607 7.619 7.631 7.644 7.656 7.668 7.680 7.692 7.705
7.705 7.717 7.729 7.741 7.753 7.766 7.778 7.790 7.802 7.815 7.827
7827 7.839 7.851 7.864 7.876 7.888 7.901 7.913 7.925 7.938 7.950
7.950 7.962 7.974 7.987 7.999 8.011 8.024 8.036 8.048 8.061 8.073
8.073 8.086 8.098 8.110 8.123 8.135 8.147 8.160 8.172 8.185 8.197
8.197 8.209 8.222 8.234 8.247 8.259 8.272 8.284 8.296 8.309 8.321
8.321 8.334 8.346 8.359 8.371 8.384 8.396 8.409 8.421 8.434 8.446
8.446 8.459 8.471 8.484 8.496 8.509 8521 8534 8.546 8.559 8.571
8.571 8.584 8597 8609 8.622 8.634 8.647 8.659 8.672 8.685 8.697
8.697 8.710 8.722 8.735 8.748 8.760 8.773 8.785 8.798 8.811 8.823
8.823 8.836 8.849 8861 8.874 8.887 8.899 8912 8.925 8.937 8.950
8.950 8.963 8.975 8.988 9.001 9.014 9.026 9.039 9.052 9.065 9.077
9.077 9.090 9.103 9.115 9.128 9.141 9.154 9.167 9.179 9.192 9.205
9.205 9.218 9.230 9.243 9.256 9.269 9.282 9.294 9.307 9.320 9.333
9.333 9.346 9.359 9.371 9.384 9.397 9.410 9.423 09.436 9.449 9.461
9.461 9.474 9.487 9500 9.513 9526 9.539 9.552 9.565 9.578 9.590
9.590 9.603 9.616 9.629 9.642 9.655 9.668 9.681 9.694 9.707 9.720
9.720 9.733 9.746 9.759 9.772 9.785 9.798 9.811 9.824 9.837 9.850
9.850 9.863 9.876 9.889 9.902 9.915 9.928 9.941 9.954 9.967 9.980
9.980 9.993 10.006 10.019 10.032 10.046 10.059 10.072 10.085 10.098 10.111

10.111 10.124 10.137 10.150 10.163 10.177 10.190 10.203 10.216 10.229 10.242
10.242 10.255 10.268 10.282 10.295 10.308 10.321 10.334 10.347 10.361 10.374
10.374 10.387 10.400 10.413 10.427 10.440 10.453 10.466 10.480 10.493 10.506
10.506 10.519 10.532 10.546 10.559 10.572 10.585 10.599 10.612 10.625 10.638
10.638 10.652 10.665 10.678 10.692 10.705 10.718 10.731 10.745 10.758 10.771
10.771 10.785 10.798 10.811 10.825 10.838 10.851 10.865 10.878 10.891 10.905
10.905 10.918 10.932 10.945 10.958 10.972 10.985 10.998 11.012 11.025 11.039
11.039 11.052 11.065 11.079 11.092 11.106 11.119 11.132 11.146 11.159 11.173
11.173 11.186 11.200 11.213 11.227 11.240 11.253 11.267 11.280 11.294 11.307
11.307 11.321 11.334 11.348 11.361 11.375 11.388 11.402 11.415 11.429 11.442
11.442 11.456 11.469 11.483 11.496 11.510 11.524 11.537 11.551 11.564 11.578
11.578 11.591 11.605 11.618 11.632 11.646 11.659 11.673 11.686 11.700 11.714
11.714 11.727 11.741 11.754 11.768 11.782 11.795 11.809 11.822 11.836 11.850



°C ITS-90

1100
1110
1120
1130
1140

1150
1160
1170
1180
1190

1200
1210
1220
1230
1240

1250
1260
1270
1280
1290

1300
1310
1320
1330
1340

1350
1360
1370
1380
1390

1400
1410
1420
1430
1440

1450
1460
1470
1480
1490

Type R ( Platinum - 13% rhodium/platinum)

10

11.850
11.986
12.123
12.260
12.397

12.535
12.673
12.812
12.950
13.089

13.228
13.367
13.507
13.646
13.786

13.926
14.066
14.207
14.347
14.488

14.629
14.770
14.911
15.052
15.193

15.334
15.475
15.616
15.758
15.899

16.040
16.181
16.323
16.464
16.605

16.746
16.887
17.028
17.169
17.310

11.863
12.000
12.137
12.274
12.411

12.549
12.687
12.825
12.964
13.103

13.242
13.381
13.521
13.660
13.800

13.940
14.081
14.221
14.361
14.502

14.643
14.784
14.925
15.066
15.207

15.348
15.489
15.630
15.772
15.913

16.054
16.196
16.337
16.478
16.619

16.760
16.901
17.042
17.183
17.324

11.877
12.013
12.150
12.288
12.425

12.563
12.701
12.839
12.978
13.117

13.256
13.395
13.535
13.674
13.814

13.954
14.095
14.235
14.375
14.516

14.657
14.798
14.939
15.080
15.221

15.362
15.503
15.645
15.786
15.927

16.068
16.210
16.351
16.492
16.633

16.774
16.915
17.056
17.197
17.338

11.891
12.027
12.164
12.301
12.439

12.577
12.715
12.853
12.992
13.131

13.270
13.409
13.549
13.688
13.828

13.968
14.109
14.249
14.390
14.530

14.671
14.812
14.953
15.094
15.235

15.376
15.517
15.659
15.800
15.941

16.082
16.224
16.365
16.506
16.647

16.789
16.930
17.071
17.211
17.352

11.904
12.041
12.178
12.315
12.453

12.590
12.729
12.867
13.006
13.145

13.284
13.423
13.563
13.702
13.842

13.982
14.123
14.263
14.404
14.544

14.685
14.826
14.967
15.108
15.249

15.390
15.531
15.673
15.814
15.955

16.097
16.238
16.379
16.520
16.662

16.803
16.944
17.085
17.225
17.366

11.918
12.054
12.191
12.329
12.466

12.604
12.742
12.881
13.019
13.158

13.298
13.437
13.577
13.716
13.856

13.996
14.137
14.277
14.418
14.558

14.699
14.840
14.981
15.122
15.263

15.404
15.546
15.687
15.828
15.969

16.111
16.252
16.393
16.534
16.676

16.817
16.958
17.099
17.240
17.380

11.931
12.068
12.205
12.342
12.480

12.618
12.756
12.895
13.033
13.172

13.311
13.451
13.590
13.730
13.870

14.010
14.151
14.291
14.432
14.572

14.713
14.854
14.995
15.136
15.277

15.419
15.560
15.701
15.842
15.984

16.125
16.266
16.407
16.549
16.690

16.831
16.972
17.113
17.254
17.394

11.945
12.082
12.219
12.356
12.494

12.632
12.770
12.909
13.047
13.186

13.325
13.465
13.604
13.744
13.884

14.024
14.165
14.305
14.446
14.586

14.727
14.868
15.009
15.150
15.291

15.433
15.574
15.715
15.856
15.998

16.139
16.280
16.422
16.563
16.704

16.845
16.986
17.127
17.268
17.408

11.959
12.096
12.233
12.370
12.508

12.646
12.784
12.922
13.061
13.200

13.339
13.479
13.618
13.758
13.898

14.038
14.179
14.319
14.460
14.601

14.741
14.882
15.023
15.164
15.306

15.447
15.588
15.729
15.871
16.012

16.153
16.294
16.436
16.577
16.718

16.859
17.000
17.141
17.282
17.423

11.972
12.109
12.246
12.384
12.521

12.659
12.798
12.936
13.075
13.214

13.353
13.493
13.632
13.772
13.912

14.052
14.193
14.333
14.474
14.615

14.755
14.896
15.037
15.179
15.320

15.461
15.602
15.743
15.885
16.026

16.167
16.309
16.450
16.591
16.732

16.873
17.014
17.155
17.296
17.437

11.986
12.123
12.260
12.397
12.535

12.673
12.812
12.950
13.089
13.228

13.367
13.507
13.646
13.786
13.926

14.066
14.207
14.347
14.488
14.629

14.770
14.911
15.052
15.193
15.334

15.475
15.616
15.758
15.899
16.040

16.181
16.323
16.464
16.605
16.746

16.887
17.028
17.169
17.310
17.451

29



°C

30

ITS-90

1500
1510
1520
1530
1540

1550
1560
1570
1580
1590

1600
1610
1620
1630
1640

1650
1660
1670
1680
1690

1700
1710
1720
1730
1740

1750
1760

Type R ( Platinum - 13% rhodium/platinum)

10

17.451
17.591
17.732
17.872
18.012

18.152
18.292
18.431
18.571
18.710

18.849
18.988
19.126
19.264
19.402

19.540
19.677
19.814
19.951
20.087

20.222
20.356
20.488
20.620
20.749

20.877
21.003

17.465
17.605
17.746
17.886
18.026

18.166
18.306
18.445
18.585
18.724

18.863
19.002
19.140
19.278
19.416

19.554
19.691
19.828
19.964
20.100

20.235
20.369
20.502
20.633
20.762

20.890
21.015

17.479
17.619
17.760
17.900
18.040

18.180
18.320
18.459
18.599
18.738

18.877
19.015
19.154
19.292
19.430

19.567
19.705
19.841
19.978
20.114

20.249
20.382
20.515
20.646
20.775

20.902
21.027

17.493
17.633
17.774
17.914
18.054

18.194
18.334
18.473
18.613
18.752

18.891
19.029
19.168
19.306
19.444

19.581
19.718
19.855
19.992
20.127

20.262
20.396
20.528
20.659
20.788

20.915
21.040

17.507
17.647
17.788
17.928
18.068

18.208
18.348
18.487
18.627
18.766

18.904
19.043
19.181
19.319
19.457

19.595
19.732
19.869
20.005
20.141

20.275
20.409
20.541
20.672
20.801

20.928
21.052

17.521
17.661
17.802
17.942
18.082

18.222
18.362
18.501
18.640
18.779

18.918
19.057
19.195
19.333
19.471

19.609
19.746
19.882
20.019
20.154

20.289
20.422
20.554
20.685
20.813

20.940
21.065

17.535
17.676
17.816
17.956
18.096

18.236
18.376
18.515
18.654
18.793

18.932
19.071
19.209
19.347
19.485

19.622
19.759
19.896
20.032
20.168

20.302
20.436
20.567
20.698
20.826

20.953
21.077

17.549
17.690
17.830
17.970
18.110

18.250
18.390
18.529
18.668
18.807

18.946
19.085
19.223
19.361
19.499

19.636
19.773
19.910
20.046
20.181

20.316
20.449
20.581
20.711
20.839

20.965
21.089

17.563
17.704
17.844
17.984
18.124

18.264
18.404
18.543
18.682
18.821

18.960
19.098
19.237
19.375
19.512

19.650
19.787
19.923
20.060
20.195

20.329
20.462
20.594
20.724
20.852

20.978
21.101

17.577
17.718
17.858
17.998
18.138

18.278
18.417
18.557
18.696
18.835

18.974
19.112
19.250
19.388
19.526

19.663
19.800
19.937
20.073
20.208

20.342
20.475
20.607
20.736
20.864

20.990

17.591
17.732
17.872
18.012
18.152

18.292
18.431
18.571
18.710
18.849

18.988
19.126
19.264
19.402
19.540

19.677
19.814
19.951
20.087
20.222

20.356
20.488
20.620
20.749
20.877

21.003



Thermoelectric voltage in mV

°C ITS-90

-50
-40
-30
-20
-10

0

°C ITS-90

10
20
30
40

100

120
130
140

150
160
170
180
190

200
210
220
230
240

250
260
270
280
290

Type S ( Platinum - 10% rhodium/platinum)

0 -1 -2 -3 -4 -5 -6 -7 -8 -9 -10
0.236
-0.194 -0.199 -0.203 -0.207 -0.211 -0.215 -0.219 -0.224 -0.228 -0.232 -0.236
-0.150 -0.155 -0.159 -0.164 -0.168 -0.173 -0.177 -0.181 -0.186 -0.190 -0.194
-0.103 -0.108 -0.113 -0.117 -0.122 -0.127 -0.132 -0.136 -0.141 -0.146 -0.150
-0.053 -0.058 -0.063 -0.068 -0.073 -0.078 -0.083 -0.088 -0.093 -0.098 -0.103
0.000 -0.005 -0.011 -0.016 -0.021 -0.027 -0.032 -0.037 -0.042 -0.048 -0.053
0 -1 -2 -3 -4 -5 -6 -7 -8 -9 -10
0.000 0.005 0.011 0.016 0.022 0.027 0.033 0.038 0.044 0.050 0.055
0.055 0.061 0.067 0.072 0.078 0.084 0.090 0.095 0.101 0.107 0.113
0.113 0.119 0.125 0.131 0.137 0.143 0.149 0.155 0.161 0.167 0.173
0.173 0.179 0.185 0.191 0.197 0.204 0.210 0.216 0.222 0.229 0.235
0.235 0.241 0.248 0.254 0.260 0.267 0.273 0.280 0.286 0.292 0.299
0.299 0.305 0.312 0.319 0.325 0.332 0.338 0.345 0.352 0.358 0.365
0.365 0.372 0.378 0.385 0.392 0.399 0.405 0.412 0.419 0.426 0.433
0.433 0.440 0.446 0.453 0.460 0.467 0.474 0.481 0.488 0.495 0.502
0.502 0.509 0.516 0.523 0.530 0.538 0.545 0.552 0.559 0.566 0.573
0.573 0.580 0.588 0.595 0.602 0.609 0.617 0.624 0.631 0.639 0.646
0.646 0.653 0.661 0.668 0.675 0.683 0.690 0.698 0.705 0.713 0.720
0.720 0.727 0.735 0.743 0.750 0.758 0.765 0.773 0.780 0.788 0.795
0.795 0.803 0.811 0.818 0.826 0.834 0.841 0.849 0.857 0.865 0.872
0.872 0.880 0.888 0.896 0.903 0.911 0.919 0.927 0.935 0.942 0.950
0.950 0.958 0.966 0.974 0.982 0.990 0.998 1.006 1.013 1.021 1.029
1.029 1.037 1.045 1.053 1.061 1.069 1.077 1.085 1.094 1.102 1.110
1.110 1.118 1.126 1.134 1.142 1.150 1.158 1.167 1.175 1.183 1.191
1.191 1.199 1.207 1.216 1.224 1.232 1.240 1.249 1.257 1.265 1.273
1.273 1282 1290 1.298 1.307 1.315 1.323 1.332 1.340 1.348 1.357
1.357 1.365 1.373 1.382 1.390 1.399 1.407 1.415 1.424 1432 1.441
1.441 1.449 1.458 1.466 1.475 1.483 1.492 1500 1509 1517 1.526
1.526 1534 1543 1551 1560 1.569 1.577 1586 1594 1.603 1.612
1.612 1620 1.629 1.638 1.646 1.655 1.663 1.672 1.681 1.690 1.698
1.698 1.707 1.716 1.724 1.733 1.742 1.751 1.759 1.768 1.777 1.786
1.786 1.794 1803 1.812 1.821 1.829 1.838 1.847 1856 1.865 1.874
1.874 1.882 1.891 1.900 1.909 1.918 1.927 1.936 1.944 1953 1.962
1.962 1.971 1980 1.989 1.998 2.007 2.016 2.025 2.034 2.043 2.052
2.052 2.061 2.070 2078 2087 209 2105 2114 2123 2132 2141
2141 2.151 2160 2169 2.178 2187 2196 2205 2.214 2.223 2.232
2232 2241 2250 2.259 2.268 2.277 2287 2296 2305 2314 2.323

31



°C

32

ITS-90

300
310
320
330
340

350
360
370
380
390

400
410
420
430
440

450
460
470
480
490

500
510

530
540

550
560
570
580
590

600
610
620
630
640

650
660
670
680
690

Type S ( Platinum - 10% rhodium/platinum)

(0] 1 2 3 4 5 6 7 8 9 10
2.323 2332 2341 2350 2360 2.369 2.378 2387 2396 2405 2.415
2415 2.424 2433 2442 2451 2461 2470 2479 2488 2497 2.507
2507 2516 2525 2534 2544 2553 2562 2571 2581 2590 2.599
2599 2609 2618 2627 2.636 2646 2.655 2.664 2.674 2.683 2.692
2.692 2702 2711 2720 2.730 2.739 2.748 2.758 2.767 2776 2.786
2786 2.795 2805 2.814 2.823 2.833 2842 2851 2861 2870 2.880
2.880 2.889 2.899 2908 2917 2927 2936 2946 2955 2965 2.974
2974 2983 2993 3.002 3.012 3.021 3.031 3.040 3.050 3.059 3.069
3.069 3.078 3.088 3.097 3.107 3.116 3.126 3.135 3.145 3.154 3.164
3.164 3.173 3.183 3.192 3.202 3.212 3.221 3.231 3.240 3.250 3.259
3.259 3.269 3.279 3.288 3.298 3.307 3.317 3.326 3.336 3.346 3.355
3.355 3.365 3.374 3.384 3.394 3.403 3.413 3.423 3.432 3.442 3.451
3.451 3.461 3.471 3.480 3.490 3.500 3.509 3.519 3.529 3.538 3.548
3.548 3.558 3.567 3.577 3.587 3.596 3.606 3.616 3.626 3.635 3.645
3.645 3.655 3.664 3.674 3.684 3.694 3.703 3.713 3.723 3.732 3.742
3.742 3.752 3.762 3.771 3.781 3.791 3.801 3.810 3.820 3.830 3.840
3.840 3.850 3.859 3.869 3.879 3.889 3.898 3.908 3.918 3.928 3.938
3.938 3.947 3.957 3.967 3.977 3.987 3.997 4.006 4.016 4.026 4.036
4.036 4.046 4.056 4.065 4.075 4.085 4.095 4.105 4.115 4.125 4.134
4134 4.144 4.154 4.164 4.174 4.184 4.194 4.204 4.213 4.223 4.233
4233 4.243 4.253 4.263 4.273 4.283 4.293 4.303 4.313 4.323 4.332
4.332 4.342 4.352 4.362 4.372 4.382 4.392 4.402 4.412 4.422 4.432
4.432 4442 4.452 4462 4472 4.482 4492 4502 4512 4522 4.532
4532 4542 4552 4562 4572 4582 4592 4.602 4.612 4.622 4.632
4.632 4.642 4.652 4.662 4.672 4.682 4.692 4.702 4.712 4.722 4.732
4732 4742 4.752 4.762 4772 4.782 4.793 4.803 4.813 4.823 4.833
4.833 4.843 4.853 4.863 4.873 4.883 4.893 4.904 4.914 4.924 4934
4934 4,944 4954 4964 4974 4984 4995 5.005 5.015 5.025 5.035
5.035 5.045 5.055 5.066 5.076 5.086 5.096 5.106 5.116 5.127 5.137
5.137 5.147 5.157 5.167 5.178 5.188 5.198 5.208 5.218 5.228 5.239
5239 5.249 5259 5269 5280 5.290 5300 5.310 5.320 5.331 5.341
5.341 5351 5.361 5.372 5382 5.392 5402 5413 5.423 5.433 5.443
5443 5.454 5464 5474 5485 5495 5505 5515 5526 5536 5.546
5546 5557 5567 5577 5588 5598 5608 5.618 5.629 5.639 5.649
5.649 5660 5.670 5.680 5691 5.701 5.712 5.722 5.732 5.743 5.753
5753 5.763 5.774 5.784 5794 5805 5815 5826 5.836 5.846 5.857
5.857 5.867 5.878 5.888 5.898 5909 5919 5930 5.940 5.950 5.961
5961 5971 5982 5992 6.003 6.013 6.024 6.034 6.044 6.055 6.065
6.065 6.076 6.086 6.097 6.107 6.118 6.128 6.139 6.149 6.160 6.170
6.170 6.181 6.191 6.202 6.212 6.223 6.233 6.244 6.254 6.265 6.275



°C ITS-90

700
710
720
730
740

750
760
770
780
790

800
810
820
830
840

850
860
870
880
890

900
910
920
930
940

950
960
970
980
990

1000
1010
1020
1030
1040

1050
1060
1070
1080
1090

Type S ( Platinum - 10% rhodium/platinum)

0 1 2 3 4 5 6 7 8 9 10
6.275 6.286 6.296 6.307 6.317 6.328 6.338 6.349 6.360 6.370 6.381
6.381 6.391 6.402 6.412 6.423 6.434 6.444 6.455 6.465 6.476 6.486
6.486 6.497 6.508 6.518 6.529 6.539 6.550 6.561 6.571 6.582 6.593
6.593 6.603 6.614 6.624 6.635 6.646 6.656 6.667 6.678 6.688 6.699
6.699 6.710 6.720 6.731 6.742 6.752 6.763 6.774 6.784 6.795 6.806
6.806 6.817 6.827 6.838 6.849 6.859 6.870 6.881 6.892 6.902 6.913
6.913 6.924 6.934 6.945 6.956 6.967 6.977 6.988 6.999 7.010 7.020
7.020 7.031 7.042 7.053 7.064 7.074 7.085 7.096 7.107 7.117 7.128
7.128 7.139 7.150 7.161 7.172 7.182 7.193 7.204 7.215 7.226 7.236
7.236 7.247 7.258 7.269 7.280 7.291 7.302 7.312 7.323 7.334 7.345
7.345 7.356 7.367 7.378 7.388 7.399 7.410 7.421 7.432 7.443 7.454
7.454 7.465 7.476 7.487 7.497 7508 7.519 7.530 7.541 7.552 7.563
7563 7.574 7585 7.596 7.607 7.618 7.629 7.640 7.651 7.662 7.673
7.673 7.684 7.695 7.706 7.717 7.728 7.739 7.750 7.761 7.772 7.783
7.783 7.794 7.805 7.816 7.827 7.838 7.849 7.860 7.871 7.882 7.893
7.893 7.904 7915 7.926 7.937 7.948 7.959 7.970 7.981 7.992 8.003
8.003 8.014 8.026 8.037 8.048 8.059 8.070 8.081 8.092 8.103 8.114
8.114 8.125 8.137 8.148 8.159 8.170 8.181 8.192 8.203 8.214 8.226
8.226 8.237 8.248 8.259 8.270 8.281 8.293 8.304 8.315 8.326 8.337
8.337 8.348 8.360 8.371 8.382 8.393 8.404 8.416 8.427 8.438 8.449
8.449 8.460 8.472 8.483 8.494 8505 8.517 8528 8539 8.550 8.562
8.562 8573 8584 8595 8.607 8.618 8.629 8.640 8.652 8.663 8.674
8.674 8.685 8.697 8.708 8.719 8.731 8.742 8.753 8.765 8.776 8.787
8.787 8.798 8.810 8.821 8.832 8.844 8.855 8.866 8.878 8.889 8.900
8.900 8912 8923 8935 8.946 8.957 8.969 8.980 8991 9.003 9.014
9.014 9.025 9.037 9.048 9.060 9.071 9.082 9.094 9.105 9.117 9.128
9.128 9.139 9.151 9.162 9.174 9.185 9.197 9.208 9.219 9.231 9.242
9.242 9.254 9.265 9.277 9.288 9.300 9.311 9.323 9.334 9.345 9.357
9.357 9.368 9.380 9.391 9.403 9.414 9.426 9.437 9.449 9.460 9.472
9.472 9.483 9.495 9.506 9.518 9.529 9.541 9.552 9.564 9.576 9.587
9.587 9.599 9.610 9.622 9.633 9.645 9.656 9.668 9.680 9.691 9.703
9.703 9.714 9.726 9.737 9.749 9.761 9.772 9.784 9.795 9.807 9.819
9.819 9.830 9.842 9.853 9.865 9.877 9.888 9.900 9.911 9.923 9.935
9.935 9.946 9.958 9.970 9.981 9.993 10.005 10.016 10.028 10.040 10.051
10.051 10.063 10.075 10.086 10.098 10.110 10.121 10.133 10.145 10.156 10.168
10.168 10.180 10.191 10.203 10.215 10.227 10.238 10.250 10.262 10.273 10.285
10.285 10.297 10.309 10.320 10.332 10.344 10.356 10.367 10.379 10.391 10.403
10.403 10.414 10.426 10.438 10.450 10.461 10.473 10.485 10.497 10.509 10.520
10.520 10.532 10.544 10.556 10.567 10.579 10.591 10.603 10.615 10.626 10.638
10.638 10.650 10.662 10.674 10.686 10.697 10.709 10.721 10.733 10.745 10.757
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°C ITS-90

1100
1110
1120
1130
1140

1150
1160
1170
1180
1190

1200
1210
1220
1230
1240

1250
1260
1270
1280
1290

1300
1310
1320
1330
1340

1350
1360
1370
1380
1390

1400
1410
1420
1430
1440

1450
1460
1470
1480
1490

Type S ( Platinum - 10% rhodium/platinum)

10

10.757
10.875
10.994
11.113
11.232

11.351
11.471
11.590
11.710
11.830

11.951
12.071
12.191
12.312
12.433

12.554
12.675
12.796
12.917
13.038

13.159
13.280
13.402
13.523
13.644

13.766
13.887
14.009
14.130
14.251

14.373
14.494
14.615
14.736
14.857

14.978
15.099
15.220
15.341
15.461

10.768
10.887
11.006
11.125
11.244

11.363
11.483
11.602
11.722
11.842

11.963
12.083
12.203
12.324
12.445

12.566
12.687
12.808
12.929
13.050

13.171
13.292
13.414
13.535
13.657

13.778
13.899
14.021
14.142
14.263

14.385
14.506
14.627
14.748
14.869

14.990
15.111
15.232
15.353
15.473

10.780
10.899
11.017
11.136
11.256

11.375
11.495
11.614
11.734
11.854

11.975
12.095
12.216
12.336
12.457

12.578
12.699
12.820
12.941
13.062

13.183
13.305
13.426
13.547
13.669

13.790
13.911
14.033
14.154
14.276

14.397
14.518
14.639
14.760
14.881

15.002
15.123
15.244
15.365
15.485

10.792
10.911
11.029
11.148
11.268

11.387
11.507
11.626
11.746
11.866

11.987
12.107
12.228
12.348
12.469

12.590
12.711
12.832
12.953
13.074

13.195
13.317
13.438
13.559
13.681

13.802
13.924
14.045
14.166
14.288

14.409
14.530
14.651
14.773
14.894

15.015
15.135
15.256
15.377
15.497

10.804
10.922
11.041
11.160
11.280

11.399
11.519
11.638
11.758
11.878

11.999
12.119
12.240
12.360
12.481

12.602
12.723
12.844
12.965
13.086

13.208
13.329
13.450
13.572
13.693

13.814
13.936
14.057
14.178
14.300

14.421
14.542
14.664
14.785
14.906

15.027
15.148
15.268
15.389
15.509

10.816
10.934
11.053
11.172
11.291

11.411
11.531
11.650
11.770
11.890

12.011
12.131
12.252
12.372
12.493

12.614
12.735
12.856
12.977
13.098

13.220
13.341
13.462
13.584
13.705

13.826
13.948
14.069
14.191
14.312

14.433
14.554
14.676
14.797
14.918

15.039
15.160
15.280
15.401
15.521

10.828
10.946
11.065
11.184
11.303

11.423
11.542
11.662
11.782
11.902

12.023
12.143
12.264
12.384
12.505

12.626
12.747
12.868
12.989
13.111

13.232
13.353
13.474
13.596
13.717

13.839
13.960
14.081
14.203
14.324

14.445
14.567
14.688
14.809
14.930

15.051
15.172
15.292
15.413
15.534

10.839
10.958
11.077
11.196
11.315

11.435
11.554
11.674
11.794
11.914

12.035
12.155
12.276
12.397
12.517

12.638
12.759
12.880
13.001
13.123

13.244
13.365
13.487
13.608
13.729

13.851
13.972
14.094
14.215
14.336

14.457
14.579
14.700
14.821
14.942

15.063
15.184
15.304
15.425
15.546

10.851
10.970
11.089
11.208
11.327

11.447
11.566
11.686
11.806
11.926

12.047
12.167
12.288
12.409
12.529

12.650
12.771
12.892
13.014
13.135

13.256
13.377
13.499
13.620
13.742

13.863
13.984
14.106
14.227
14.348

14.470
14.591
14.712
14.833
14.954

15.075
15.196
15.317
15.437
15.558

10.863
10.982
11.101
11.220
11.339

11.459
11.578
11.698
11.818
11.939

12.059
12.179
12.300
12.421
12.542

12.662
12.783
12.905
13.026
13.147

13.268
13.390
13.511
13.632
13.754

13.875
13.996
14.118
14.239
14.360

14.482
14.603
14.724
14.845
14.966

15.087
15.208
15.329
15.449
15.570

10.875
10.994
11.113
11.232
11.351

11.471
11.590
11.710
11.830
11.951

12.071
12.191
12.312
12.433
12.554

12.675
12.796
12.917
13.038
13.159

13.280
13.402
13.523
13.644
13.766

13.887
14.009
14.130
14.251
14.373

14.494
14.615
14.736
14.857
14.978

15.099
15.220
15.341
15.461
15.582



°C ITS-90

1500
1510
1520
1530
1540

1550
1560
1570
1580
1590

1600
1610
1620
1630
1640

1650
1660
1670
1680
1690

1700
1710
1720
1730
1740

1750
1760

Type S ( Platinum - 10% rhodium/platinum)

10

15.582
15.702
15.822
15.942
16.062

16.182
16.301
16.420
16.539
16.658

16.777
16.895
17.013
17.131
17.249

17.366
17.483
17.600
17.717
17.832

17.947
18.061
18.174
18.285
18.395

18.503
18.609

15.594
15.714
15.834
15.954
16.074

16.194
16.313
16.432
16.551
16.670

16.789
16.907
17.025
17.143
17.261

17.378
17.495
17.612
17.728
17.844

17.959
18.073
18.185
18.297
18.406

18.514
18.620

15.606
15.726
15.846
15.966
16.086

16.205
16.325
16.444
16.563
16.682

16.801
16.919
17.037
17.155
17.272

17.390
17.507
17.623
17.740
17.855

17.970
18.084
18.196
18.308
18.417

18.525
18.630

15.618
15.738
15.858
15.978
16.098

16.217
16.337
16.456
16.575
16.694

16.812
16.931
17.049
17.167
17.284

17.401
17.518
17.635
17.751
17.867

17.982
18.095
18.208
18.319
18.428

18.535
18.641

15.630
15.750
15.870
15.990
16.110

16.229
16.349
16.468
16.587
16.706

16.824
16.943
17.061
17.178
17.296

17.413
17.530
17.647
17.763
17.878

17.993
18.107
18.219
18.330
18.439

18.546
18.651

15.642
15.762
15.882
16.002
16.122

16.241
16.361
16.480
16.599
16.718

16.836
16.954
17.072
17.190
17.308

17.425
17.542
17.658
17.775
17.890

18.004
18.118
18.230
18.341
18.449

18.557
18.661

15.654
15.774
15.894
16.014
16.134

16.253
16.373
16.492
16.611
16.729

16.848
16.966
17.084
17.202
17.319

17.437
17.553
17.670
17.786
17.901

18.016
18.129
18.241
18.352
18.460

18.567
18.672

15.666
15.786
15.906
16.026
16.146

16.265
16.385
16.504
16.623
16.741

16.860
16.978
17.096
17.214
17.331

17.448
17.565
17.682
17.798
17.913

18.027
18.140
18.252
18.362
18.471

18.578
18.682

15.678
15.798
15.918
16.038
16.158

16.277
16.396
16.516
16.634
16.753

16.872
16.990
17.108
17.225
17.343

17.460
17.577
17.693
17.809
17.924

18.039
18.152
18.263
18.373
18.482

18.588
18.693

15.690
15.810
15.930
16.050
16.170

16.289
16.408
16.527
16.646
16.765

16.883
17.002
17.120
17.237
17.355

17.472
17.588
17.705
17.821
17.936

18.050
18.163
18.274
18.384
18.493

18.599

15.702
15.822
15.942
16.062
16.182

16.301
16.420
16.539
16.658
16.777

16.895
17.013
17.131
17.249
17.366

17.483
17.600
17.717
17.832
17.947

18.061
18.174
18.285
18.395
18.503

18.609
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Thermoelectric voltage in

°C

ITS-90

-270
-260

-250
-240
-230
-220
-210

-200
-190
-180
-170
-160

-150
-140
-130
-120
-110

-100
-90
-80
-70
-60
-50

-40
-30
-20
-10

0

°C ITS-90

36

0
10
20
30
40

50
60
70
80
90

Type T ( Copper/copper-nickel)

mVv

(o] 1 2 3 4 5 6 7 8 9 10
-6.258
-6.232 -6.236 -6239 -6.242 -6.245 -6.248 -6.251 -6.253 -6.255 -6.256 -6.258
-6.180 -6.187 -6.193 -6.198 -6.204 -6.209 -6.214 -6.219 -6.223 -6.228 -6.232
-6.105 -6.114 -6.122 -6.130 -6.138 -6.146 -6.153 -6.160 -6.167 -6.174 -6.180
-6.007 -6.017 -6.028 -6.038 -6.049 -6.059 -6.068 -6.078 -6.087 -6.096 -6.105
-5.888 -5.901 -5.914 -5.926 -5.938 -5.950 -5.962 -5.973 -5.985 -5.996 -6.007
-5.753 -5.767 -5.782 -5.795 -5.809 -5.823 -5.836 -5.850 -5.863 -5.876 -5.888
-5.603 -5.619 -5.634 -5.650 -5.665 -5.680 -5.695 -5.710 -5.724 -5.739 -5.753
-5.439 -5.456 -5.473 -5.489 -5.506 -5.523 -5.539 -5.555 -5.571 -5.587 -5.603
-5.261 -5.279 -5.297 -5.316 -5.334 -5.351 -5.369 -5.387 -5.404 -5.421 -5.439
-5.070 -5.089 -5.109 -5.128 -5.148 -5.167 -5.186 -5.205 -5.224 -5.242 -5.261
-4.865 -4.886 -4.907 -4.928 -4.949 -4.969 -4.989 -5.010 -5.030 -5.050 -5.070
-4.648 -4.671 -4.693 -4.715 -4.737 -4.759 -4.780 -4.802 -4.823 -4.844 -4.865
-4.419 -4.443 -4.466 -4.489 -4.512 -4.535 -4.558 -4.581 -4.604 -4.626 -4.648
-4.177 -4.202 -4.226 -4.251 -4.275 -4.300 -4.324 -4.348 -4.372 -4.395 -4.419
-3.923 -3.949 -3.975 -4.000 -4.026 -4.052 -4.077 -4.102 -4.127 -4.152 -4.177
-3.657 -3.684 -3.711 -3.738 -3.765 -3.791 -3.818 -3.844 -3.871 -3.897 -3.923
-3.379 -3.407 -3.435 -3.463 -3.491 -3.519 -3.547 -3.574 -3.602 -3.629 -3.657
-3.089 -3.118 -3.148 -3.177 -3.206 -3.235 -3.264 -3.293 -3.322 -3.350 -3.379
-2.788 -2.818 -2.849 -2.879 -2.910 -2.940 -2.970 -3.000 -3.030 -3.059 -3.089
-2.476 -2.507 -2.539 -2.571 -2.602 -2.633 -2.664 -2.695 -2.726 -2.757 -2.788
-2.153 -2.186 -2.218 -2.251 -2.283 -2.316 -2.348 -2.380 -2.412 -2.444 -2.476
-1.819 -1.853 -1.887 -1.920 -1.954 -1.987 -2.021 -2.054 -2.087 -2.120 -2.153
-1.475 -1.510 -1.545 -1.579 -1.614 -1.648 -1.683 -1.717 -1.751 -1.785 -1.819
-1.121 -1.157 -1.192 -1.228 -1.264 -1.299 -1.335 -1.370 -1.405 -1.440 -1.475
-0.757 -0.794 -0.830 -0.867 -0.904 -0.940 -0.976 -1.013 -1.049 -1.085 -1.121
-0.383 -0.421 -0.459 -0.496 -0.534 -0.571 -0.608 -0.646 -0.683 -0.720 -0.757
0.000 -0.039 -0.077 -0.116 -0.154 -0.193 -0.231 -0.269 -0.307 -0.345 -0.383

0] 1 2 3 4 5 6 7 8 9 10
0.000 0.039 0.078 0.117 0.156 0.195 0.234 0.273 0.312 0.352 0.391
0.391 0431 0470 0.510 0.549 0.589 0.629 0.669 0.709 0.749 0.790
0.790 0.830 0.870 0.911 0.951 0.992 1.033 1.074 1.114 1.155 1.196
1.196 1.238 1.279 1.320 1.362 1.403 1.445 1.486 1.528 1.570 1.612
1.612 1.654 1.696 1.738 1.780 1.823 1.865 1.908 1.950 1.993 2.036
2.036 2.079 2.122 2.165 2.208 2.251 2.294 2.338 2.381 2.425 2.468
2.468 2.512 2556 2.600 2.643 2.687 2.732 2776 2.820 2.864 2.909
2909 2.953 2.998 3.043 3.087 3.132 3.177 3.222 3.267 3.312 3.358
3.358 3.403 3.448 3.494 3.539 3.585 3.631 3.677 3.722 3.768 3.814
3.814 3.860 3.907 3.953 3.999 4.046 4.092 4.138 4.185 4.232 4.279



°C ITS-90

100
110
120
130
140

150
160
170
180
190

200
210
220
230
240

250
260
270
280
290

300
310
320
330
340

350
360
370
380
390

400

Type T ( Copper/copper-nickel)

10

4.279
4.750
5.228
5.714
6.206

6.704
7.209
7.720
8.237
8.759

9.288
9.822
10.362
10.907
11.458

12.013
12.574
13.139
13.709
14.283

14.862
15.445
16.032
16.624
17.219

17.819
18.422
19.030
19.641
20.255

20.872

4.325
4.798
5.277
5.763
6.255

6.754
7.260
7.771
8.289
8.812

9.341
9.876
10.417
10.962
11.513

12.069
12.630
13.196
13.766
14.341

14.920
15.503
16.091
16.683
17.279

17.879
18.483
19.091
19.702
20.317

4.372
4.845
5.325
5.812
6.305

6.805
7.310
7.823
8.341
8.865

9.395
9.930
10.471
11.017
11.569

12.125
12.687
13.253
13.823
14.399

14.978
15.562
16.150
16.742
17.339

17.939
18.543
19.152
19.763
20.378

4.419
4.893
5.373
5.861
6.355

6.855
7.361
7.874
8.393
8.917

9.448
9.984
10.525
11.072
11.624

12.181
12.743
13.310
13.881
14.456

15.036
15.621
16.209
16.802
17.399

17.999
18.604
19.213
19.825
20.440

18.060
18.665
19.274
19.886
20.502

4.513
4.988
5.470
5.959
6.454

6.956
7.463
7.977
8.497
9.023

9.555
10.092
10.634
11.182
11.735

12.293
12.856
13.423
13.995
14.572

15.153
15.738
16.327
16.921
17.518

18.120
18.725
19.335
19.947
20.563

4.561
5.036
5.519
6.008
6.504

7.006
7.515
8.029
8.550
9.076

9.608
10.146
10.689
11.237
11.791

12.349
12.912
13.480
14.053
14.630

15.211
15.797
16.387
16.980
17.578

18.180
18.786
19.396
20.009
20.625

4.608
5.084
5.567
6.057
6.554

7.057
7.566
8.081
8.602
9.129

9.662
10.200
10.743
11.292
11.846

12.405
12.969
13.537
14.110
14.688

15.270
15.856
16.446
17.040
17.638

18.241
18.847
19.457
20.070
20.687

4.655
5.132
5.616
6.107
6.604

7.107
7.617
8.133
8.654
9.182

9.715
10.254
10.798
11.347
11.902

12.461
13.026
13.595
14.168
14.746

15.328
15.914
16.505
17.100
17.698

18.301
18.908
19.518
20.132
20.748

4.702
5.180
5.665
6.156
6.654

7.158
7.668
8.185
8.707
9.235

9.769
10.308
10.853
11.403
11.958

12.518
13.082
13.652
14.226
14.804

15.386
15.973
16.564
17.159
17.759

18.362
18.969
19.579
20.193
20.810

4.750
5.228
5.714
6.206
6.704

7.209
7.720
8.237
8.759
9.288

9.822
10.362
10.907
11.458
12.013

12.574
13.139
13.709
14.283
14.862

15.445
16.032
16.624
17.219
17.819

18.422
19.030
19.641
20.255
20.872

37



Type N ( Nickel-chromium-silicon/nickel-silicon)

Thermoelectric voltage in mV

°C

°C

38

ITS-90

-270
-260
-250

-240
-230
-220
-210
-200

ITS-90

0
10
20
30
40
50
60
70
80
90

0 1 2 3 4 5 6 7 8 9 10
-4.345
-4.336 -4.337 -4.339 -4.340 -4.341 -4.342 -4.343 -4.344 -4.344 -4.345 -4.345
-4.313 -4.316 -4.319 -4.321 -4.324 -4.326 -4.328 -4.330 -4.332 -4.334 -4.336
-4.277 -4.281 -4.285 -4.289 -4.293 -4.297 -4.300 -4.304 -4.307 -4.310 -4.313
-4.226 -4.232 -4.238 -4.243 -4.248 -4.254 -4.258 -4.263 -4.268 -4.273 -4.277
-4.162 -4.169 -4.176 -4.183 -4.189 -4.196 -4.202 -4.209 -4.215 -4.221 -4.226
-4.083 -4.091 -4.100 -4.108 -4.116 -4.124 -4.132 -4.140 -4.147 -4.154 -4.162
-3.990 -4.000 -4.010 -4.020 -4.029 -4.038 -4.048 -4.057 -4.066 -4.074 -4.083
-3.884 -3.896 -3.907 -3.918 -3.928 -3.939 -3.950 -3.960 -3.970 -3.980 -3.990
-3.766 -3.778 -3.790 -3.803 -3.815 -3.827 -3.838 -3.850 -3.862 -3.873 -3.884
-3.634 -3.648 -3.662 -3.675 -3.688 -3.702 -3.715 -3.728 -3.740 -3.753 -3.766
-3.491 -3.506 -3.521 -3.535 -3.550 -3.564 -3.578 -3.593 -3.607 -3.621 -3.634
-3.336 -3.352 -3.368 -3.384 -3.400 -3.415 -3.431 -3.446 -3.461 -3.476 -3.491
-3.171 -3.188 -3.205 -3.221 -3.238 -3.255 -3.271 -3.288 -3.304 -3.320 -3.336
-2.994 -3.012 -3.030 -3.048 -3.066 -3.084 -3.101 -3.119 -3.136 -3.153 -3.171
-2.808 -2.827 -2.846 -2.865 -2.883 -2.902 -2.921 -2.939 -2.958 -2.976 -2.994
-2.612 -2.632 -2.652 -2.672 -2.691 -2.711 -2.730 -2.750 -2.769 -2.789 -2.808
-2.407 -2.428 -2.448 -2.469 -2.490 -2.510 -2.531 -2.551 -2.571 -2.592 -2.612
-2.193 -2.215 -2.237 -2.258 -2.280 -2.301 -2.322 -2.344 -2.365 -2.386 -2.407
-1.972 -1.995 -2.017 -2.039 -2.062 -2.084 -2.106 -2.128 -2.150 -2.172 -2.193
-1.744 -1.767 -1.790 -1.813 -1.836 -1.859 -1.882 -1.905 -1.927 -1.950 -1.972
-1.509 -1.533 -1.557 -1.580 -1.604 -1.627 -1.651 -1.674 -1.698 -1.721 -1.744
-1.269 -1.293 -1.317 -1.341 -1.366 -1.390 -1.414 -1.438 -1.462 -1.485 -1.509
-1.023 -1.048 -1.072 -1.097 -1.122 -1.146 -1.171 -1.195 -1.220 -1.244 -1.269
-0.772 -0.798 -0.823 -0.848 -0.873 -0.898 -0.923 -0.948 -0.973 -0.998 -1.023
-0.518 -0.544 -0.569 -0.595 -0.620 -0.646 -0.671 -0.696 -0.722 -0.747 -0.772
-0.260 -0.286 -0.312 -0.338 -0.364 -0.390 -0.415 -0.441 -0.467 -0.492 -0.518
0.000 -0.026 -0.052 -0.078 -0.104 -0.131 -0.157 -0.183 -0.209 -0.234 -0.260

0 1 2 3 4 5 6 7 8 9 10
0.000 0.026 0.052 0.078 0.104 0.130 0.156 0.182 0.208 0.235 0.261
0.261 0.287 0.313 0.340 0.366 0.393 0.419 0.446 0.472 0.499 0.525
0.525 0.552 0.578 0.605 0.632 0.659 0.685 0.712 0.739 0.766 0.793
0.793 0.820 0.847 0.874 0.901 0.928 0.955 0.983 1.010 1.037 1.065
1.065 1.092 1.119 1.147 1.174 1.202 1.229 1.257 1.284 1.312 1.340
1.340 1.368 1.395 1.423 1.451 1.479 1.507 1.535 1563 1.591 1.619
1.619 1.647 1675 1.703 1.732 1.760 1.788 1.817 1.845 1.873 1.902
1.902 1930 1959 1.988 2.016 2.045 2.074 2102 2131 2160 2.189
2.189 2218 2247 2276 2305 2.334 2363 2.392 2421 2450 2.480
2.480 2,509 2.538 2568 2597 2.626 2.656 2.685 2.715 2744 2.774



°C ITS-90

100
110
120
130
140

150
160
170
180
190

200
210
220
230
240

250
260
270
280
290

300
310
320
330
340

350
360
370
380
390

400
410
420
430
440

450
460
470
480
490

Type N ( Nickel-chromium-silicon/nickel-silicon)

0 1 2 3 4 5 6 7 8 9 10
2774 2804 2.833 2863 2893 2923 2953 2983 3.012 3.042 3.072
3.072 3.102 3.133 3.163 3.193 3.223 3.253 3.283 3.314 3.344 3.374
3.374 3405 3435 3.466 3.496 3.527 3.557 3.588 3.619 3.649 3.680
3.680 3.711 3.742 3.772 3.803 3.834 3.865 3.896 3.927 3.958 3.989
3.989 4.020 4.051 4.083 4.114 4.145 4.176 4.208 4.239 4.270 4.302
4302 4.333 4.365 4.396 4.428 4.459 4.491 4523 4554 4586 4.618
4618 4.650 4.681 4.713 4.745 4.777 4.809 4.841 4.873 4.905 4.937
4937 4969 5.001 5.033 5.066 5.098 5.130 5.162 5.195 5.227 5.259
5259 5292 5324 5357 5.389 5422 5454 5487 5520 5552 5.585
5,585 b5.618 5.650 5.683 5.716 5.749 5.782 5.815 5847 5.880 5.913
5913 5946 5979 6.013 6.046 6.079 6.112 6.145 6.178 6.211 6.245
6.245 6.278 6.311 6.345 6.378 6.411 6.445 6.478 6.512 6.545 6.579
6.579 6.612 6.646 6.680 6.713 6.747 6.781 6.814 6.848 6.882 6.916
6.916 6.949 6.983 7.017 7.051 7.085 7.119 7.153 7.187 7.221 7.255
7.255 7.289 7.323 7.357 7.392 7.426 7.460 7.494 7.528 7.563 7.597
7597 7.631 7.666 7.700 7.734 7.769 7.803 7.838 7.872 7.907 7.941
7.941 7976 8.010 8.045 8.080 8.114 8.149 8.184 8.218 8.253 8.288
8.288 8.323 8.358 8.392 8.427 8.462 8.497 8532 8567 8.602 8.637
8.637 8.672 8.707 8.742 8.777 8.812 8.847 8.882 8918 8.953 8.988
8.988 9.023 9.058 9.094 9.129 9.164 9.200 9.235 9.270 9.306 9.341
9.341 9377 9.412 9.448 9.483 9.519 9.554 9.590 9.625 9.661 9.696
9.696 9.732 9.768 9.803 9.839 9.875 9.910 9.946 9.982 10.018 10.054
10.054 10.089 10.125 10.161 10.197 10.233 10.269 10.305 10.341 10.377 10.413
10.413 10.449 10.485 10.521 10.557 10.593 10.629 10.665 10.701 10.737 10.774
10.774 10.810 10.846 10.882 10.918 10.955 10.991 11.027 11.064 11.100 11.136
11.136 11.173 11.209 11.245 11.282 11.318 11.355 11.391 11.428 11.464 11.501
11.501 11.537 11.574 11.610 11.647 11.683 11.720 11.757 11.793 11.830 11.867
11.867 11.903 11.940 11.977 12.013 12.050 12.087 12.124 12.160 12.197 12.234
12.234 12.271 12.308 12.345 12.382 12.418 12.455 12.492 12.529 12.566 12.603
12.603 12.640 12.677 12.714 12.751 12.788 12.825 12.862 12.899 12.937 12.974
12.974 13.011 13.048 13.085 13.122 13.159 13.197 13.234 13.271 13.308 13.346
13.346 13.383 13.420 13.457 13.495 13.532 13.569 13.607 13.644 13.682 13.719
13.719 13.756 13.794 13.831 13.869 13.906 13.944 13.981 14.019 14.056 14.094
14.094 14.131 14.169 14.206 14.244 14.281 14.319 14.356 14.394 14.432 14.469
14.469 14.507 14.545 14.582 14.620 14.658 14.695 14.733 14.771 14.809 14.846
14.846 14.884 14.922 14.960 14.998 15.035 15.073 15.111 15.149 15.187 15.225
15.225 15.262 15.300 15.338 15.376 15.414 15.452 15.490 15.528 15.566 15.604
15.604 15.642 15.680 15.718 15.756 15.794 15.832 15.870 15.908 15.946 15.984
15.984 16.022 16.060 16.099 16.137 16.175 16.213 16.251 16.289 16.327 16.366
16.366 16.404 16.442 16.480 16.518 16.557 16.595 16.633 16.671 16.710 16.748

39



°C ITS-90

500
510
520
530
540

550
560
570
580
590

600
610
620
630
640

650
660
670
680
690

700
710
720

740

750
760
770
780
790

800
810
820
830
840

850
860
870
880
890

Type N ( Nickel-chromium-silicon/nickel-silicon)

8

10

16.748
17.131
17.515
17.900
18.286

18.672
19.059
19.447
19.835
20.224

20.613
21.003
21.393
21.784
22.175

22.566
22.958
23.350
23.742
24.134

24.527
24.919
25.312
25.705
26.098

26.491
26.883
27.276
27.669
28.062

28.455
28.847
29.239
29.632
30.024

30.416
30.807
31.199
31.590
31.981

16.786
17.169
17.554
17.938
18.324

18.711
19.098
19.485
19.874
20.263

20.652
21.042
21.432
21.823
22.214

22.605
22.997
23.389
23.781
24.173

24.566
24.959
25.351
25.744
26.137

26.530
26.923
27.316
27.708
28.101

28.494
28.886
29.279
29.671
30.063

30.455
30.846
31.238
31.629
32.020

16.824
17.208
17.592
17.977
18.363

18.749
19.136
19.524
19.913
20.302

20.691
21.081
21.471
21.862
22.253

22.644
23.036
23.428
23.820
24.213

24.605
24.998
25.391
25.783
26.176

26.569
26.962
27.355
27.748
28.140

28.533
28.926
29.318
29.710
30.102

30.494
30.886
31.277
31.668
32.059

16.863
17.246
17.630
18.016
18.401

18.788
19.175
19.563
19.952
20.341

20.730
21.120
21.510
21.901
22.292

22.684
23.075
23.467
23.860
24.252

24.644
25.037
25.430
25.823
26.216

26.608
27.001
27.394
27.787
28.180

28.572
28.965
29.357
29.749
30.141

30.533
30.925
31.316
31.707
32.098

16.901
17.285
17.669
18.054
18.440

18.827
19.214
19.602
19.990
20.379

20.769
21.159
21.549
21.940
22.331

22.723
23.115
23.507
23.899
24.291

24.684
25.076
25.469
25.862
26.255

26.648
27.041
27.433
27.826
28.219

28.612
29.004
29.396
29.789
30.181

30.572
30.964
31.355
31.746
32.137

16.939
17.323
17.707
18.093
18.479

18.865
19.253
19.641
20.029
20.418

20.808
21.198
21.588
21.979
22.370

22.762
23.154
23.546
23.938
24.330

24.723
25.116
25.508
25.901
26.294

26.687
27.080
27.473
27.866
28.258

28.651
29.043
29.436
29.828
30.220

30.611
31.003
31.394
31.785
32.176

16.978
17.361
17.746
18.131
18.517

18.904
19.292
19.680
20.068
20.457

20.847
21.237
21.628
22.018
22.410

22.801
23.193
23.585
23.977
24.370

24.762
25.155
25.548
25.941
26.333

26.726
27.119
27.512
27.905
28.297

28.690
29.083
29.475
29.867
30.259

30.651
31.042
31.433
31.824
32.215

17.016
17.400
17.784
18.170
18.556

18.943
19.330
19.718
20.107
20.496

20.886
21.276
21.667
22.058
22.449

22.840
23.232
23.624
24.016
24.409

24.801
25.194
25.587
25.980
26.373

26.766
27.158
27.551
27.944
28.337

28.729
29.122
29.514
29.906
30.298

30.690
31.081
31.473
31.863
32.254

17.054
17.438
17.823
18.208
18.595

18.982
19.369
19.757
20.146
20.535

20.925
21.315
21.706
22.097
22.488

22.879
23.271
23.663
24.056
24.448

24.841
25.233
25.626
26.019
26.412

26.805
27.198
27.591
27.983
28.376

28.769
29.161
29.553
29.945
30.337

30.729
31.120
31.512
31.903
32.293

17.093
17.477
17.861
18.247
18.633

19.020
19.408
19.796
20.185
20.574

20.964
21.354
21.745
22.136
22.527

22.919
23.311
23.703
24.095
24.487

24.880
25.273
25.666
26.058
26.451

26.844
27.237
27.630
28.023
28.415

28.808
29.200
29.592
29.985
30.376

30.768
31.160
31.551
31.942
32.332

17.131
17.515
17.900
18.286
18.672

19.059
19.447
19.835
20.224
20.613

21.003
21.393
21.784
22.175
22.566

22.958
23.350
23.742
24.134
24.527

24.919
25.312
25.705
26.098
26.491

26.883
27.276
27.669
28.062
28.455

28.847
29.239
29.632
30.024
30.416

30.807
31.199
31.590
31.981
32.371



°C ITS-90

900
910
920
930
940

950
960
970
980
990

1000
1010
1020
1030
1040

1050
1060
1070
1080
1090

1100
1110
1120
1130
1140

1150
1160
1170
1180
1190

1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300

Type N ( Nickel-chromium-silicon/nickel-silicon)

6

10

32.371
32.761
33.151
33.541
33.930

34.319
34.707
35.095
35.482
35.869

36.256
36.641
37.027
37.411
37.795

38.179
38.562
38.944
39.326
39.706

40.087
40.466
40.845
41.223
41.600

41.976
42.352
42.727
43.101
43.474

43.846
44.218
44.588
44.958
45.326
45.694
46.060
46.425
46.789
47.152
47.513

32.410
32.800
33.190
33.580
33.969

34.358
34.746
35.134
35.521
35.908

36.294
36.680
37.065
37.450
37.834

38.217
38.600
38.982
39.364
39.744

40.125
40.504
40.883
41.260
41.638

42.014
42.390
42.764
43.138
43.511

43.884
44.255
44.625
44.995
45.363
45.731
46.097
46.462
46.826
47.188

32.449
32.839
33.229
33.619
34.008

34.396
34.785
35.172
35.560
35.946

36.333
36.718
37.104
37.488
37.872

38.256
38.638
39.020
39.402
39.783

40.163
40.542
40.920
41.298
41.675

42.052
42.427
42.802
43.176
43.549

43.921
44.292
44.662
45.032
45.400
45.767
46.133
46.498
46.862
47.224

32.488
32.878
33.268
33.658
34.047

34.435
34.823
35.211
35.598
35.985

36.371
36.757
37.142
37.527
37.911

38.294
38.677
39.059
39.440
39.821

40.201
40.580
40.958
41.336
41.713

42.089
42.465
42.839
43.213
43.586

43.958
44.329
44.699
45.069
45.437
45.804
46.170
46.535
46.898
47.260

32.527
32.917
33.307
33.697
34.086

34.474
34.862
35.250
35.637
36.024

36.410
36.796
37.181
37.565
37.949

38.332
38.715
39.097
39.478
39.859

40.238
40.618
40.996
41.374
41.751

42.127
42.502
42.877
43.250
43.623

43.995
44.366
44.736
45.105
45.474
45.841
46.207
46.571
46.935
47.296

32.566
32.956
33.346
33.736
34.124

34.513
34.901
35.289
35.676
36.062

36.449
36.834
37.219
37.603
37.987

38.370
38.753
39.135
39.516
39.897

40.276
40.655
41.034
41.411
41.788

42.164
42.540
42.914
43.288
43.660

44.032
44.403
44.773
45.142
45.510
45.877
46.243
46.608
46.971
47.333

32.605
32.995
33.385
33.774
34.163

34.552
34.940
35.327
35.714
36.101

36.487
36.873
37.258
37.642
38.026

38.409
38.791
39.173
39.554
39.935

40.314
40.693
41.072
41.449
41.826

42.202
42.577
42.951
43.325
43.698

44.069
44.440
44.810
45.179
45.547
45.914
46.280
46.644
47.007
47.369

32.644
33.034
33.424
33.813
34.202

34.591
34.979
35.366
35.753
36.140

36.526
36.911
37.296
37.680
38.064

38.447
38.829
39.211
39.592
39.973

40.352
40.731
41.109
41.487
41.864

42.239
42.614
42.989
43.362
43.735

44.106
44.477
44.847
45.216
45.584
45.951
46.316
46.680
47.043
47.405

32.683
33.073
33.463
33.852
34.241

34.629
35.017
35.405
35.792
36.178

36.564
36.950
37.334
37.719
38.102

38.485
38.868
39.249
39.630
40.011

40.390
40.769
41.147
41.525
41.901

42.277
42.652
43.026
43.399
43.772

44.144
44.514
44.884
45.253
45.621
45.987
46.353
46.717
47.079
47.441

32.722
33.112
33.502
33.891
34.280

34.668
35.056
35.444
35.831
36.217

36.603
36.988
37.373
37.757
38.141

38.524
38.906
39.287
39.668
40.049

40.428
40.807
41.185
41.562
41.939

42.314
42.689
43.064
43.437
43.809

44.181
44,551
44,921
45.290
45.657
46.024
46.389
46.753
47.116
47.477

32.761
33.151
33.541
33.930
34.319

34.707
35.095
35.482
35.869
36.256

36.641
37.027
37.411
37.795
38.179

38.562
38.944
39.326
39.706
40.087

40.466
40.845
41.223
41.600
41.976

42.352
42.727
43.101
43.474
43.846

44.218
44.588
44.958
45.326
45.694
46.060
46.425
46.789
47.152
47.513

41



Type B ( Platinum-30% rhodium/platinum-6% rhodium)

Thermoelectric voltage in mV

°C

42

ITS-90

0
10

20
30
40

100
110
120
130
140

150
160
170
180
190

200
210
220
230
240

250
260
270
280
290

300
310
320
330
340

350
360
370
380
390

0 1 2 3 4 5 6 7 8 9 10
0.000 0.000 0.000 -0.001 -0.001 -0.001 -0.001 -0.001 -0.002 -0.002 -0.002
-0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.003 -0.003 -0.003
-0.003 -0.003 -0.003 -0.003 -0.003 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002
-0.002 -0.002 -0.002 -0.002 -0.002 -0.001 -0.001 -0.001 -0.001 -0.001 0.000
0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.001 0.002 0.002 0.002
0.002 0.003 0.003 0.003 0.004 0.004 0.004 0.005 0.005 0.006 0.006
0.006 0.007 0.007 0.008 0.008 0.009 0.009 0.010 0.010 0.011 0.011
0.011 0012 0.012 0013 0014 0014 0015 0.015 0.016 0.017 0.017
0.017 0.018 0.019 0.020 0020 0.021 0.022 0.022 0.023 0.024 0.025
0.025 0.026 0.026 0027 0028 0029 0030 0031 0031 0032 0.033
0.033 0.034 0035 0036 0037 0.038 0039 0040 0.041 0.042 0.043
0.043 0.044 0.045 0046 0047 0.048 0.049 0.050 0.051 0.052 0.053
0.053 0.055 0.056 0.057 0.058 0.059 0.060 0.062 0.063 0.064 0.065
0.065 0.066 0.068 0.069 0070 0.072 0.073 0.074 0.075 0.077 0.078
0.078 0.079 0.081 0082 0084 0085 0.086 0.088 0089 0.091 0.092
0.092 0.094 0.095 0096 0098 0099 0101 0102 0.104 0.106 0.107
0.107 0109 0110 0112 0113 0115 0.117 0.118 0.120 0.122 0.123
0123 0125 0127 0128 0130 0132 0134 0.135 0.137 0.139 0.141
0.141 0142 0144 0146 0.148 0150 0.151 0.153 0.155 0.157 0.159
0.159 0.161 0.163 0165 0.166 0.168 0170 0.172 0.174 0.176 0.178
0.178 0180 0.182 0184 0186 0.188 0190 0.192 0.195 0.197 0.199
0.199 0201 0.203 0205 0207 0209 0212 0214 0216 0218 0.220
0220 0222 0225 0227 0229 0231 0234 0236 0238 0241 0.243
0.243 0245 0248 0250 0252 0255 0257 0259 0.262 0.264 0.267
0.267 0269 0271 0274 0276 0279 0281 0284 0286 0289 0.291
0.291 0294 0296 0299 0301 0304 0307 0309 0312 0.314 0.317
0.317 0320 0.322 0325 0328 0.330 0.333 0.336 0.338 0.341 0.344
0.344 0347 0.349 0352 0.355 0.358 0.360 0.363 0.366 0.369 0.372
0.372 0.375 0.377 0380 0383 0.386 0.389 0.392 0.395 0.398 0.401
0.401 0.404 0407 0410 0413 0416 0419 0422 0425 0428 0.431
0.431 0434 0437 0.440 0.443 0446 0449 0452 0.455 0458 0.462
0.462 0465 0468 0471 0474 0478 0481 0.484 0.487 0490 0.494
0.494 0497 0500 0503 0507 0510 0513 0517 0520 0.523 0.527
0.527 0530 0533 0537 0540 0544 0547 0550 0554 0.557 0.561
0.561 0564 0568 0571 0575 0578 0582 0585 0589 0.592 0.596
0.596 0599 0.603 0.607 0.610 0614 0617 0.621 0.625 0.628 0.632
0.632 0636 0.639 0643 0647 0.650 0.654 0.658 0.662 0.665 0.669
0.669 0.673 0.677 0680 0.684 0688 0692 0.696 0700 0.703 0.707
0.707 0711 0.715 0719 0723 0.727 0731 0.735 0.738 0.742 0.746
0.746 0750 0.754 0.758 0.762 0.766 0.770 0.774 0.778 0.782 0.787



°C ITS-90

400
410
420
430
440

450
460
470
480
490

500
510
520
530
540

550
560
570
580
590

600
610
620
630
640

650
660
670
680
690

700
710
720
730
740

750
760
770
780
790

Type B ( Platinum-30% rhodium/platinum-6% rhodium)

0 1 2 3 4 5 6 7 8 9 10
0.787 0.791 0.795 0.799 0.803 0.807 0.811 0.815 0.819 0.824 0.828
0.828 0.832 0.836 0.840 0.844 0.849 0.853 0.857 0.861 0.866 0.870
0.870 0.874 0.878 0.883 0.887 0.891 0.896 0.900 0.904 0.909 0.913
0.913 0917 0.922 0.926 0.930 0.935 0.939 0.944 0.948 0.953 0.957
0.957 0.961 0.966 0.970 0.975 0.979 0.984 0.988 0.993 0.997 1.002
1.002 1.007 1.011 1.016 1.020 1.025 1.030 1.034 1.039 1.043 1.048
1.048 1.053 1.057 1.062 1.067 1.071 1.076 1.081 1.086 1.090 1.095
1.095 1.100 1.105 1.109 1.114 1.119 1.124 1.129 1.133 1.138 1.143
1.143 1.148 1.153 1.158 1.163 1.167 1.172 1.177 1.182 1.187 1.192
1.192 1.197 1.202 1.207 1.212 1.217 1.222 1.227 1.232 1.237 1.242
1.242 1.247 1.252 1.257 1.262 1.267 1.272 1.277 1.282 1.288 1.293
1.293 1.298 1.303 1.308 1.313 1.318 1.324 1.329 1.334 1.339 1.344
1.344 1350 1.355 1.360 1.365 1.371 1.376 1.381 1.387 1.392 1.397
1.397 1.402 1.408 1.413 1418 1.424 1.429 1.435 1.440 1.445 1451
1.451 1.456 1.462 1.467 1.472 1.478 1.483 1.489 1.494 1500 1.505
1505 1.511 1516 1.522 1527 1533 1539 1.544 1550 1.555 1.561
1561 1566 1572 1578 1583 1589 1595 1.600 1.606 1.612 1.617
1.617 1.623 1.629 1.634 1640 1.646 1.652 1.657 1.663 1.669 1.675
1.675 1.680 1.686 1.692 1.698 1.704 1.709 1.715 1.721 1.727 1.733
1.733 1739 1.745 1.750 1.756 1.762 1.768 1.774 1.780 1.786 1.792
1.792 1798 1.804 1.810 1816 1.822 1.828 1.834 1.840 1.846 1.852
1.852 1.858 1.864 1.870 1876 1.882 1.888 1.894 1.901 1.907 1.913
1.913 1919 1925 1.931 1937 1944 1950 1.956 1.962 1.968 1.975
1.975 1981 1.987 1.993 2000 2.006 2012 2.018 2.025 2.031 2.037
2.037 2043 2050 2.056 2.062 2.069 2.075 2.082 2088 2094 2101
2.101 2107 2113 2120 2126 2133 2139 2146 2152 2158 2.165
2.165 2171 2178 2.184 2191 2197 2204 2210 2217 2224 2.230
2.230 2237 2243 2250 2.256 2.263 2.270 2.276 2.283 2.289 2.296
2.296 2303 2309 2316 2.323 2329 2.336 2.343 2350 2.356 2.363
2.363 2370 2376 2.383 2.390 2.397 2403 2410 2417 2424 2431
2.431 2437 2444 2451 2458 2465 2472 2479 2485 2492 2.499
2.499 2506 2513 2520 2527 2534 2541 2548 2555 2562 2.569
2569 2576 2583 2590 2597 2.604 2611 2618 2625 2.632 2.639
2.639 2646 2.653 2.660 2.667 2.674 2.681 2688 2696 2703 2.710
2710 2717 2724 2731 2738 2746 2753 2760 2767 2775 2.782
2782 2789 2796 2.803 2811 2.818 2.825 2.833 2840 2.847 2.854
2.854 2862 2869 2.876 2.884 2.891 2.898 2906 2913 2921 2928
2928 2935 2943 2950 2958 2965 2973 2980 2987 2995 3.002
3.002 3.010 3.017 3.025 3.032 3.040 3.047 3.055 3.062 3.070 3.078
3.078 3.085 3.093 3.100 3.108 3.116 3.123 3.131 3.138 3.146 3.154
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Type B ( Platinum-30% rhodium/platinum-6% rhodium)

°C ITS-90 0 1 2 3 4 5 6 7 8 9 10

800 3.154 3.161 3.169 3.177 3.184 3.192 3.200 3.207 3.215 3.223 3.230
810 3.230 3.238 3.246 3.254 3.261 3.269 3.277 3.285 3.292 3.300 3.308
820 3.308 3.316 3.324 3.331 3.339 3.347 3.355 3.363 3.371 3.379 3.386
830 3.386 3.394 3.402 3.410 3.418 3.426 3.434 3.442 3.450 3.458 3.466
840 3.466 3.474 3.482 3.490 3.498 3506 3514 3522 3530 3.538 3.546

850 3.546 3.554 3562 3570 3.578 3586 3594 3.602 3.610 3.618 3.626
860 3.626 3.634 3.643 3.651 3.659 3.667 3.675 3.683 3.692 3.700 3.708
870 3.708 3.716 3.724 3.732 3.741 3.749 3.757 3.765 3.774 3.782 3.790
880 3.790 3.798 3.807 3.815 3.823 3.832 3.840 3.848 3.857 3.865 3.873
890 3.873 3.882 3.890 3.898 3.907 3915 3.923 3.932 3.940 3.949 3.957

900 3.957 3.965 3.974 3.982 3.991 3999 4.008 4.016 4.024 4.033 4.041
910 4.041 4.050 4.058 4.067 4.075 4.084 4.093 4.101 4.110 4.118 4.127
920 4.127 4.135 4.144 4152 4.161 4.170 4.178 4.187 4.195 4.204 4.213
930 4.213 4.221 4.230 4.239 4.247 4.256 4.265 4.273 4.282 4.291 4.299
940 4.299 4.308 4.317 4.326 4.334 4.343 4.352 4.360 4.369 4.378 4.387

950 4.387 4.396 4.404 4.413 4.422 4.431 4.440 4.448 4.457 4.466 4.475
960 4.475 4.484 4493 4501 4510 4.519 4.528 4.537 4.546 4.555 4.564
970 4564 4.573 4582 4591 4599 4.608 4.617 4.626 4.635 4.644 4.653
980 4.653 4.662 4.671 4.680 4.689 4.698 4.707 4.716 4.725 4.734 4.743
990 4.743 4.753 4.762 4.771 4.780 4.789 4.798 4.807 4.816 4.825 4.834

1000 4.834 4.843 4.853 4.862 4.871 4.880 4.889 4.898 4.908 4.917 4.926
1010 4.926 4.935 4.944 4954 4963 4.972 4.981 4.990 5.000 5.009 5.018
1020 5.018 5.027 5.037 5.046 5.055 5.065 5.074 5.083 5.092 5.102 5.111
1030 5.111 5.120 5.130 5.139 5.148 5.158 5.167 5.176 5.186 5.195 5.205
1040 5.205 5.214 5.223 5.233 5.242 5252 5261 5.270 5.280 5.289 5.299

1050 5.299 5.308 5.318 5.327 5.337 5.346 5.356 5.365 5.375 5.384 5.394
1060 5.394 5403 5413 5422 5432 5441 5451 5460 5470 5480 5.489
1070 5.489 5499 5508 5518 5528 5537 5547 5556 5566 5576 5.585
1080 5.585 5595 5.605 5.614 5.624 5.634 5.643 5.653 5.663 5.672 5.682
1090 5.682 5.692 5.702 5.711 5.721 5.731 5.740 5.750 5.760 5.770 5.780

1100 5.780 5.789 5799 5.809 5819 5828 5838 5.848 5.858 5.868 5.878
1110 5.878 5.887 5.897 5.907 5917 5.927 5937 5947 50956 5.966 5.976
1120 5976 5.986 5996 6.006 6.016 6.026 6.036 6.046 6.055 6.065 6.075
1130 6.075 6.085 6.095 6.105 6.115 6.125 6.135 6.145 6.155 6.165 6.175
1140 6.175 6.185 6.195 6.205 6.215 6.225 6.235 6.245 6.256 6.266 6.276

1150 6.276 6.286 6.296 6.306 6.316 6.326 6.336 6.346 6.356 6.367 6.377
1160 6.377 6.387 6.397 6.407 6.417 6.427 6.438 6.448 6.458 6.468 6.478
1170 6.478 6.488 6.499 6.509 6.519 6.529 6.539 6.550 6.560 6.570 6.580
1180 6.580 6.591 6.601 6.611 6.621 6.632 6.642 6.652 6.663 6.673 6.683
1190 6.683 6.693 6.704 6.714 6.724 6.735 6.745 6.755 6.766 6.776 6.786



°C ITS-90

1200
1210
1220
1230
1240

1250
1260
1270
1280
1290

1300
1310
1320
1330
1340

1350
1360
1370
1380
1390

1400
1410
1420
1430
1440

1450
1460
1470
1480
1490

1500
1510
1520
1530
1540

1550
1560
1570
1580
1590

Type B ( Platinum-30% rhodium/platinum-6% rhodium)

0 1 2 3 4 5 6 7 8 9 10
6.786 6.797 6.807 6.818 6.828 6.838 6.849 6.859 6.869 6.880 6.890
6.890 6.901 6.911 6.922 6.932 6.942 6.953 6.963 6.974 6.984 6.995
6.995 7.005 7.016 7.026 7.037 7.047 7.058 7.068 7.079 7.089 7.100
7.100 7.110 7.121 7.131 7.142 7.152 7.163 7.173 7.184 7.194 7.205
7.205 7.216 7.226 7.237 7.247 7.258 7.269 7.279 7.290 7.300 7.311
7311 7.322 7.332 7.343 7.353 7.364 7.375 7.385 7.396 7.407 7.417
7417 7.428 7.439 7.449 7.460 7.471 7.482 7.492 7.503 7.514 7.524
7.524 7535 7546 7.557 7567 7.578 7.589 7.600 7.610 7.621 7.632
7.632 7.643 7.653 7.664 7.675 7.686 7.697 7.707 7.718 7.729 7.740
7.740 7.751 7.761 7.772 7.783 7.794 7.805 7.816 7.827 7.837 7.848
7.848 7.859 7.870 7.881 7.892 7.903 7.914 7.924 7.935 7.946 7.957
7.957 7.968 7.979 7.990 8.001 8.012 8.023 8.034 8.045 8.056 8.066
8.066 8.077 8.088 8.099 8.110 8.121 8.132 8.143 8.154 8.165 8.176
8.176 8.187 8.198 8.209 8.220 8.231 8.242 8.253 8.264 8.275 8.286
8.286 8.298 8.309 8.320 8.331 8.342 8.353 8.364 8.375 8.386 8.397
8.397 8.408 8.419 8.430 8.441 8.453 8.464 8475 8486 8.497 8.508
8.508 8519 8530 8.542 8.553 8.564 8575 8586 8597 8.608 8.620
8.620 8.631 8.642 8.653 8.664 8.675 8.687 8.698 8.709 8.720 8.731
8.731 8.743 8.754 8.765 8.776 8.787 8.799 8.810 8.821 8.832 8.844
8.844 8.855 8.866 8.877 8.889 8.900 8.911 8.922 8934 8.945 8.956
8.956 8.967 8.979 8.990 9.001 9.013 9.024 9.035 9.047 9.058 9.069
9.069 9.080 9.092 9.103 9.114 9.126 9.137 9.148 9.160 9.171 9.182
9.182 9.194 9.205 9.216 9.228 9.239 9.251 9.262 9.273 9.285 9.296
9.296 9.307 9.319 9.330 9.342 9.353 9.364 9.376 9.387 9.398 9.410
9.410 9.421 9.433 9.444 9.456 9.467 9.478 9.490 9.501 9.513 9.524
9.524 9536 9.547 9.558 9.570 9.581 9.593 9.604 9.616 9.627 9.639
9.639 9.650 9.662 9.673 9.684 9.696 9.707 9.719 9.730 9.742 9.753
9.753 9.765 9.776 9.788 9.799 9.811 9.822 9.834 9.845 9.857 9.868
9.868 9.880 9.891 9.903 9.914 9.926 9.937 9.949 9961 9.972 9.984
9.984 9.995 10.007 10.018 10.030 10.041 10.053 10.064 10.076 10.088 10.099
10.099 10.111 10.122 10.134 10.145 10.157 10.168 10.180 10.192 10.203 10.215
10.215 10.226 10.238 10.249 10.261 10.273 10.284 10.296 10.307 10.319 10.331
10.331 10.342 10.354 10.365 10.377 10.389 10.400 10.412 10.423 10.435 10.447
10.447 10.458 10.470 10.482 10.493 10.505 10.516 10.528 10.540 10.551 10.563
10.563 10.575 10.586 10.598 10.609 10.621 10.633 10.644 10.656 10.668 10.679
10.679 10.691 10.703 10.714 10.726 10.738 10.749 10.761 10.773 10.784 10.796
10.796 10.808 10.819 10.831 10.843 10.854 10.866 10.877 10.889 10.901 10.913
10.913 10.924 10.936 10.948 10.959 10.971 10.983 10.994 11.006 11.018 11.029
11.029 11.041 11.053 11.064 11.076 11.088 11.099 11.111 11.123 11.134 11.146
11.146 11.158 11.169 11.181 11.193 11.205 11.216 11.228 11.240 11.251 11.263
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°C ITS-90

46

1600
1610
1620
1630
1640

1650
1660
1670
1680
1690

1700
1710
1720
1730
1740

1750
1760
1770
1780
1790

1800
1810
1820

Type B ( Platinum-30% rhodium/platinum-6% rhodium)

10

11.263
11.380
11.497
11.614
11.731

11.848
11.965
12.082
12.199
12.316

12.433
12.549
12.666
12.782
12.898

13.014
13.130
13.246
13.361
13.476

13.591
13.706
13.820

11.275
11.392
11.509
11.626
11.743

11.860
11.977
12.094
12.211
12.327

12.444
12.561
12.677
12.794
12.910

13.026
13.142
13.257
13.373
13.488

13.603
13.717

11.286
11.403
11.520
11.637
11.754

11.871
11.988
12.105
12.222
12.339

12.456
12.572
12.689
12.805
12.921

13.037
13.153
13.269
13.384
13.499

13.614
13.729

11.298
11.415
11.532
11.649
11.766

11.883
12.000
12.117
12.234
12.351

12.468
12.584
12.701
12.817
12.933

13.049
13.165
13.280
13.396
13.511

13.626
13.740

11.310
11.427
11.544
11.661
11.778

11.895
12.012
12.129
12.246
12.363

12.479
12.596
12.712
12.829
12.945

13.061
13.176
13.292
13.407
13.522

13.637
13.752

11.321
11.438
11.555
11.673
11.790

11.907
12.024
12.141
12.257
12.374

12.491
12.607
12.724
12.840
12.956

13.072
13.188
13.304
13.419
13.534

13.649
13.763

11.333
11.450
11.567
11.684
11.801

11.918
12.035
12.152
12.269
12.386

12.503
12.619
12.736
12.852
12.968

13.084
13.200
13.315
13.430
13.545

13.660
13.775

11.345
11.462
11.579
11.696
11.813

11.930
12.047
12.164
12.281
12.398

12.514
12.631
12.747
12.863
12.980

13.095
13.211
13.327
13.442
13.557

13.672
13.786

11.357
11.474
11.591
11.708
11.825

11.942
12.059
12.176
12.292
12.409

12.526
12.642
12.759
12.875
12.991

13.107
13.223
13.338
13.453
13.568

13.683
13.797

11.368
11.485
11.602
11.719
11.836

11.953
12.070
12.187
12.304
12.421

12.538
12.654
12.770
12.887
13.003

13.119
13.234
13.350
13.465
13.580

13.694
13.809

11.380
11.497
11.614
11.731
11.848

11.965
12.082
12.199
12.316
12.433

12.549
12.666
12.782
12.898
13.014

13.130
13.246
13.361
13.476
13.591

13.706
13.820



Resistance versus Temperature

°C ITS-90

-200
-190
-180
-170
-160
-150

-140
-130
-120
-110
-100

-90
-80
-70
-60
-50

-40
-30
-20
-10

0

°C ITS-90

0
10
20
30
40

50
60
70
80
90

100
110
120
130
140

PT_100

0 -1 -2 -3 -4 -5 -6 -7 -8 -9 -10
18.52
22.83 2240 21.97 2154 2111 20.68 20.25 19.82 19.38 18.95 18.52
27.10 26.67 26.24 25.82 2539 24.97 2454 2411 23.68 2325 22.83
31.34 3091 30.49 30.07 29.64 29.22 28.80 2837 27.95 27.52 27.10
35.54 3512 34.70 34.28 33.86 33.44 33.02 3260 3218 31.76 31.34
39.72 39.31 38.89 3847 38.05 37.64 37.22 36.80 36.38 3596 3554
43.88 43.46 43.05 4263 4222 4180 41.39 4097 4056 40.14 39.72
48.00 47.59 47.18 46.77 46.36 45.94 4553 4512 4470 44.29 43.88
52,11 51.70 51.29 50.88 50.47 50.06 49.65 49.24 48.83 48.42 48.00
56.19 55.79 55.38 54.97 5456 54.15 53.75 53.34 5293 5252 5211
60.26 59.85 59.44 59.04 58.63 5823 57.82 5741 57.01 56.60 56.19
64.30 63.90 63.49 63.09 62.68 62.28 61.88 61.47 61.07 60.66 60.26
68.33 67.92 6752 67.12 66.72 66.31 6591 6551 6511 64.70 64.30
7233 7193 7153 7113 70.73 70.33 69.93 69.53 69.13 68.73 68.33
76.33 75.93 75.53 75.13 7473 7433 7393 7353 73.13 7273 7233
80.31 7991 7951 79.11 7872 7832 77.92 7752 77.12 76.73 76.33
84.27 83.87 83.48 83.08 82.69 8229 8189 8150 8110 80.70 80.31
88.22 87.83 87.43 87.04 86.64 86.25 85.85 8546 85.06 84.67 84.27
92.16 91.77 91.37 90.98 90.59 90.19 89.80 89.40 89.01 88.62 88.22
96.09 95.69 9530 9491 9452 9412 93.73 93.34 9295 9255 92.16
100.00 99.61 99.22 98.83 98.44 98.04 97.65 97.26 96.87 96.48 96.09

0 1 2 3 4 5 6 7 8 9 10
100.00 100.39 100.78 101.17 101.56 101.95 102.34 102.73 103.12 103.51 103.90
103.90 104.29 104.68 105.07 105.46 105.85 106.24 106.63 107.02 107.40 107.79
107.79 108.18 108.57 108.96 109.35 109.73 110.12 110.51 110.90 111.29 111.67
111.67 112.06 112.45 112.83 113.22 113.61 114.00 114.38 114.77 115.15 115.54
115.54 115.93 116.31 116.70 117.08 117.47 117.86 118.24 118.63 119.01 119.40
119.40 119.78 120.17 120.55 120.94 121.32 121.71 122.09 122.47 122.86 123.24
123.24 123.63 124.01 124.39 124.78 125.16 125.54 125.93 126.31 126.69 127.08
127.08 127.46 127.84 128.22 128.61 128.99 129.37 129.75 130.13 130.52 130.90
130.90 131.28 131.66 132.04 132.42 132.80 133.18 133.57 133.95 134.33 134.71
134.71 135.09 135.47 135.85 136.23 136.61 136.99 137.37 137.75 138.13 138.51
138.51 138.88 139.26 139.64 140.02 140.40 140.78 141.16 141.54 141.91 142.29
142.29 142.67 143.05 143.43 143.80 144.18 144.56 144.94 145.31 145.69 146.07
146.07 146.44 146.82 147.20 147.57 147.95 148.33 148.70 149.08 149.46 149.83
149.83 150.21 150.58 150.96 151.33 151.71 152.08 152.46 152.83 153.21 153.58
153.58 153.96 154.33 154.71 155.08 155.46 155.83 156.20 156.58 156.95 157.33
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°C ITS-90

150
160
170
180
190

200
210
220
230
240

250
260
270
280
290

300
310
320
330
340

350
360
370
380
390

400
410
420

440

450
460
470
480
490

500
510
520
540
550
560
570

590

PT_100

10

157.33
161.05
164.77
168.48
172.17

175.86
179.53
183.19
186.84
190.47

194.10
197.71
201.31
204.90
208.48

212.05
215.61
219.15
222.68
226.21

229.72
233.21
236.70
240.18
243.64

247.09
250.53
253.96
257.38
260.78

264.18
267.56
270.93
274.29
277.64

280.98
284.30
287.62
290.92
294.21

297.49
300.75
304.01
307.25
310.49

157.70
161.43
165.14
168.85
172.54

176.22
179.89
183.55
187.20
190.84

194.46
198.07
201.67
205.26
208.84

212.41
215.96
219.51
223.04
226.56

230.07
233.56
237.05
240.52
243.99

247.44
250.88
254.30
257.72
261.12

264.52
267.90
271.27
274.63
277.98

281.31
284.63
287.95
291.25
294.54

297.81
301.08
304.34
307.58
310.81

158.07
161.80
165.51
169.22
172.91

176.59
180.26
183.92
187.56
191.20

194.82
198.43
202.03
205.62
209.20

212.76
216.32
219.86
223.39
226.91

230.42
233.91
237.40
240.87
244.33

247.78
251.22
254.65
258.06
261.46

264.86
268.24
271.61
274.96
278.31

281.64
284.97
288.28
291.58
294.86

298.14
301.41
304.66
307.90
311.13

158.45
162.17
165.89
169.59
173.28

176.96
180.63
184.28
187.93
191.56

195.18
198.79
202.39
205.98
209.56

213.12
216.67
220.21
223.74
227.26

230.77
234.26
237.74
241.22
244.68

248.13
251.56
254.99
258.40
261.80

265.20
268.57
271.94
275.30
278.64

281.98
285.30
288.61
291.91
295.19

298.47
301.73
304.98
308.23
311.45

158.82
162.54
166.26
169.96
173.65

177.33
180.99
184.65
188.29
191.92

195.55
199.15
202.75
206.34
209.91

213.48
217.03
220.57
224.09
227.61

231.12
234.61
238.09
241.56
245.02

248.47
251.91
255.33
258.74
262.14

265.53
268.91
272.28
275.63
278.98

282.31
285.63
288.94
292.24
295.52

298.80
302.06
305.31
308.55
311.78

159.19
162.91
166.63
170.33
174.02

177.69
181.36
185.01
188.66
192.29

195.91
199.51
203.11
206.70
210.27

213.83
217.38
220.92
224.45
227.96

231.47
234.96
238.44
241.91
245.37

248.81
252.25
255.67
259.08
262.48

265.87
269.25
272.61
275.97
279.31

282.64
285.96
289.27
292.56
295.85

299.12
302.38
305.63
308.87
312.10

159.56
163.29
167.00
170.70
174.38

178.06
181.72
185.38
189.02
192.65

196.27
199.87
203.47
207.05
210.63

214.19
217.74
221.27
224.80
228.31

231.82
235.31
238.79
242.26
245.71

249.16
252.59
256.01
259.42
262.82

266.21
269.59
272.95
276.30
279.64

282.97
286.29
289.60
292.89
296.18

299.45
302.71
305.96
309.20
312.42

159.94
163.66
167.37
171.07
174.75

178.43
182.09
185.74
189.38
193.01

196.63
200.23
203.83
207.41
210.98

214.54
218.09
221.63
225.15
228.66

232.17
235.66
239.13
242.60
246.06

249.50
252.93
256.35
259.76
263.16

266.55
269.92
273.29
276.64
279.98

283.31
286.62
289.93
293.22
296.50

299.78
303.03
306.28
309.52
312.74

160.31
164.03
167.74
171.43
175.12

178.79
182.46
186.11
189.75
193.37

196.99
200.59
204.19
207.77
211.34

214.90
218.44
221.98
225.50
229.02

232.52
236.00
239.48
242.95
246.40

249.85
253.28
256.70
260.10
263.50

266.89
270.26
273.62
276.97
280.31

283.64
286.95
290.26
293.55
296.83

300.10
303.36
306.61
309.84
313.06

160.68
164.40
168.11
171.80
175.49

179.16
182.82
186.47
190.11
193.74

197.35
200.95
204.55
208.13
211.70

215.25
218.80
222.33
225.85
229.37

232.87
236.35
239.83
243.29
246.75

250.19
253.62
257.04
260.44
263.84

267.22
270.60
273.96
277.31
280.64

283.97
287.29
290.59
293.88
297.16

300.43
303.69
306.93
310.16
313.39

161.05
164.77
168.48
172.17
175.86

179.53
183.19
186.84
190.47
194.10

197.71
201.31
204.90
208.48
212.05

215.61
219.15
222.68
226.21
229.72

233.21
236.70
240.18
243.64
247.09

250.53
253.96
257.38
260.78
264.18

267.56
270.93
274.29
277.64
280.98

284.30
287.62
290.92
294.21
297.49

300.75
304.01
307.25
310.49
313.71



°C ITS-90

600
610
620
630
640

650

PT_100

2

4 5 6 7 8

9 10

313.71
316.92
320.12
323.30
326.48

329.64

314.03
317.24
320.43
323.62
326.79

314.35
317.56
320.75
323.94
327.11

314.67
317.88
321.07
324.26
327.43

314.99 315.31 315.64 315.96 316.28
318.20 318.52 318.84 319.16 319.48
321.39 321.71 322.03 322.35 322.67
324.57 324.89 325.21 325.53 325.84
327.74 328.06 328.38 328.69 329.01

316.60 316.92
319.80 320.12
322.98 323.30
326.16 326.48
329.32 329.64
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