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[. Previous definition of the kelvin and practical
temperature scales
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The 13t CGPM meeting in 1967/68 (Resolution 4) i i

22,080 NS Cgtical point
The kelvin, unit of thermodynamic s e L |
temperature, is the fraction 1/273.16 of the s Ly i
thermodynamic temperature of the triple point £ i i
of water. 56 - : i |

T+pyw = 273.160 000 000 .... K
=0.01°C
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Weakness of the definition
Dependence on isotropic composition of the water sample

The CIPM 2005 meeting (Recommendation 2)

"This definition refers to water having the isotopic

composition defined exactly by the following amount of

substance ratios: 0.000 155 76 mole of 2H per mole of H,
0.000 379 9 mole of 7O per mole of **0O
0.002 005 2 mole of 330 per mole of *0".

Composition of IAEA reference material Vienna Standard
Mean Ocean Water (VSMOW) as recommended by IUPAC
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Weakness of the definition

Every temperature measurement is a comparison of the temperature of an
object being measured with T

Before 1990, the constant volume gas thermometer (CVGT) was the most common
technique of primary thermometry used.

_n _ p)
P = va > Iy = > (TPW) I'rpw

n = amount of gas (molecules)

V =volume

p = pressure

k = Boltzmann constant o)

T = thermodynamic temperature § NTAM NIMT
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Primary thermometers - realisation the kelvin based on fundamental laws of physics
- extremely difficult and time-consuming.
- not practical for a customer’s thermometer calibration

Secondary thermometers - the temperature-dependence of physical properties, i.e.,
Platinum resistance thermometers (PRTs) — Resistance Vs T
- need calibration for setting temperature scale.
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Practical temperature scale

Defined fixed point

O O Ol

=71 T=T2 =73

Fixed-point cells

= the melting, boiling and triple points of pure
substances ‘ S ALC
= highly reproducible = Al1-C-2

—+—Al1-C-3

Interpolating thermometers 00 20 40 6Q 80 100

Time (min)
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1400 K Freezing point of copper
1357.77 K
(1084.627C)

Defined temperature scales

Radiation
thermometer

1300 K Freezing point of gold
1337.33 K
(1064.187C)

1200 K

1. International Temperature Scale of 1990 | s

(261.78C)

Triple point of angon . 1100 K

(ITS-90) for temperatures above 0.65 K (T,)
14 Fixed points

54.3584 K

Freezing peint of aluminium
933.473 K
(660.323%C)

er

Triple point of neon
24.5561 K

Platinum resistance thermometer

Freezing point of zinc
692.677 K
(419.5277C)

Temperature at which the wapor
pressure of equilibrium hydrogen is

2. Provisional Low Temperature Scale (PLTS- =iosi ity

Temperature at which the vapor
pressure of eqguilibrium hydrogen is
about 33.3 kPa: (about 17.0 K)

2000) for temperature range 0.g mKto 1 K et
(T

2000) o

Freezing point of tin
505.078 K
(231.9287C)

| Platinum resistance thermomet

lium gas thermometer

500K . . .
Freezing point of indium
429.7485 K
Iy {156.5985%C)
e
Wapor pressure —400K  Melting paint of gallium
Lo ’1?02,9]4

thermometer |1 6K
32K (29.76467C)

Temperature determined
300K < Definition of the temperature unit >
Triple point of water

NIMT - Provides traceability for ITS-go only  »&ssai.
-10 FPs T g —

Vapor pressure
thermometer 2343156 K

- ArFP (-189.344 2 °C) to Cu FP (1084.62 °C)

= &)

4T e
T

100K
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[I. The kelvin redefinition and the MeP-K

The kelvin, symbol K, is the SI unit of thermodynamic temperature. It is
defined by taking the fixed numerical value of the Boltzmann constant k
to be 1.380 649 x 10-22 when expressed in the unit J K-1, which is equal to
kg m? s K-1, where the kilogram, metre and second are defined in terms
of h, c and Av,

one kelvin is equal to the change of thermodynamic

h
N o
-S| - temperature that results in a change of thermal

energy kT by 1.380 649 x 10723 J
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Redefinition of the kelvin

6.44 . . . 6.52 6.54
I y : N

eliminate the effect from the substance
o AGT - ST (a9 make the definition consistency with other
°© DCGT | + | LNE-09 (Ar) ]
VINT | B, oy units

LNE-11 (Ar)

LNE-15 (1o in terms of a fixed value of the Boltzmann

INRIM-15 (He)

LNE-17 (110 constant (k)

NPL-17 (Ar)

PTB-17 (He)
: o Methods
NIM/NIST-17 .
s = Acoustic gas thermometry (AGT)
a8 65 652 654 = Dielectric-constant gas thermometry
[k/(10 J/K)-1.380] X 10
(DCGT)

= Johnson noise thermometry (JNT)
k =1.380 649 03(51) x 1023 J K1
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D. B. Newell et. al. 2018 Metrologia 55 L13
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Mise en Pratique of the realization of the kelvin (MeP-K)

(Practical realization)

Primary thermometry

a) Absolute primary thermometry
Measurement T directly in terms of the definition, k, no reference
to any fixed point (n = 0)

b) Relative primary thermometry
Measurement relatively to fixed points (n > 1)
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Primary thermometry methods

Acoustic gas thermometry Spectral-band radiometric
(AGT) thermometry (RT)

_ VKT
 om LM(/LT):(

®)

2

u

2hc? 1

A° jexp(hc//lkT)—l

\%

@

U =Speed of sound L, = Spectral radiance

y =ratio of the heat =Wavelength in vacuo
capacity (¢, / c,) = Temperature

k =Boltzmann constant = Planck constant

I =Temperature = Boltzmann constant

m = average molar mass of

¢ =Speed of lightinvacuo
the gas

«w National Institute of Metrology (Thailand)

Polarizing gas
thermometry (PGT)

Dielectric-constant gas

thermometry (DCGT)
_ kTg — &
p = g
Refractive index gas

thermometry (RIGS)
(n? — 1)g
04y

p = kT

& =dielectric constant
& = electric constant

ay= static electrical
polarizability

n =refractive index
p = pressure
T =temperature

k = Boltzmann constant

Johnson noise
thermometry (JNT)

(V2) = AKTRAf

V = noise voltage

k = Boltzmann constant
I =Temperature

R =Resistance

Af = Bandwidth of noise
voltage




Estimates of the Differences between Thermodynamic Temperature (T)
and the ITS-90 (T,,)

0.08

p—— WL*
—smooth function

T

(T-Tg) /K

(T-Tg) /K

mil |

—smooth function
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40
Temperature / K

Temperature / K

Awareness of the scale used!!!
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https://www.bipm.org/utils/common/pdf/ITS-9o/Estimates_Differences_T-Tgo_2010.pdf § NTAM NIMT
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[II. The practical implementations of the redefined kelvin

Immediate implementation

- No immediate impact on the status of ITS-go and PLTS-2000

T-T,, data in the MeP-K are used to convert defined scale temperatures

to thermodynamic temperatures.

The new definition will no longer linked to the water triple point (WTP).

TPW becomes ‘just’ another fixed point.

U(Tpy) = U (k) = 0.37 X 10-° (~ 0.2 mK)
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Medium and long term implementation

- Primary thermometry will increasingly supplant the defined scales

especially for above 1300 K and below 20 K.

Lower temperature of ITS-90 (0.65 K to 1 K) and the whole of the PLTS-
2000 may be supplanted by low temperature primary thermometry.

Primary thermometry methods become increasingly adopted, with

reduced uncertainties, improved ease of use, improvement in the

realisation.
o)
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Effect to NIMT

No effect to the calibration service and
traceability (Keep using ITS-90).

Any work relates to T should be aware of T- T,

Good opportunity for education, research and
Innovation.

1000 1500 2000 2500 3000
Temperature ("C)

A. Manoi, P. Wongnut, X. Lu, and P. Saunders to be published ‘.} ot AM NIMT
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