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Outline

1. [Theory] Temperature measurements and 
calibration of thermometer
(Here in the lecture room)

2. [Practice] Calibration of thermometers
(At the calibration room on the 1st floor)
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1. Temperature measurements 
(theory) 
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Definition of the SI unit of thermodynamic 
temperature (kelvin)

about
610Pa

273.16K
(0.01°C)

Temperature

Water vapor
(gas)

Triple point

Water
(liquid)

Ice
(solid)

P
ressure

"The kelvin, unit of thermodynamic temperature, is 
the fraction 1/273.16 of the thermodynamic 
temperature of the triple point of water."

Water triple point cell

Thermometer well

Water vapor (gas)

Ice (solid)

Water (liquid)
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 t/°C = T/K - 273.15
T: thermodynamic temperature (unit: Kelvin)
t: temperature in degrees Celsius (unit: °C)

- The range from 13.8033K(-259.3467°C) to 
961.78°C is defined by means of platinum 
resistance thermometers calibrated at certain fixed 
points and applying specified interpolation 
procedures.

The International Temperature Scale of 1990 (ITS-90)
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Defining fixed points of the ITS-90
Number Temperature Substance(*1) State(*2)

T90/K t90/℃
1 3 to 5 -270.15 to -268.15 He V
2 13.8033 -259.3467 e-H2 T
3 ～17 ～-276.15 e-H2(or He) V(or G)
4 ～20.3 ～-252.85 e-H2(or He) V(or G)
5 24.5561 -248.5939 Ne T
6 54.3584 -218.7916 O2 T
7 83.8058 -189.3442 Ar T
8 234.3156 -38.8344 Hg T
9 273.16 0.01 H2O T

10 302.9146 29.7646 Ga M
11 429.7485 156.5985 In F
12 505.078 231.928 Sn F
13 692.677 419.527 Zn F
14 933.473 660.323 Al F
15 1234.93 961.78 Ag F
16 1337.33 1064.18 Au F
17 1357.77 1084.62 Cu F

(*1)All substances except 3He are of natural isotopic composition;
e-H2 is hydrogen at the equilibrium concentration of the ortho- and para-molecular forms.

(*2)V: vapour pressure pont; 
T: triple point (temperature at which the solid, liquid, and vapour phases are in equilibrium); 
G: gas thermometer point; 
M ,F: melting point, freezing point

(temperature, at a pressure of 101325Pa, at which the solid and liquid phases are in equilibrium) 
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Types of thermometers

1. Contact-type thermometers
- Platinum resistance thermometer
- Liquid-in-glass thermometer 
- Thermocouple

etc.

2. Radiation thermometers
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Platinum resistance thermometer

Example of the relation between 
temperature and resistance

V

Resistive
element (Pt)

Sheath
(protective tube)

Inside conductor

Filling material for 
Insulation (MgO)

Constant-current 
power supply 
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Measurement 
standards 
traceable to 
national standards

JMA Standard Working Standard Field Instruments 

Temperature fixed 
points

・Indium point
(156.5985°C)
・Mercury point

(-38.8344°C)
・Water triple point

(0.01 °C)

Platinum resistance thermometer

NSR-160 (Netsushin, Japan) 

Alternating current  bridge
F-600 (ASL, UK)

Water triple-point cell
(0.01°C)

Standard resistor(100Ω)

Platinum resistance 
thermometer

TS-81A (Chino, Japan)

Alternating current bridge
F-250 (ASL, UK)

Platinum resistance 
thermometer

Calibration：
・every year

NSR-160
・every 2 years

Water triple-point cell 
Standard resistor

Check： every 6 months
Using water  triple-point 
cell

Calibration： every 5 years

Check：
・every 3 months

(manned observatory)
・every year (automatic  

weather station)

Traceability of Temperature (JMA)

National Metrology 
Institute of Japan

Meteorological Instruments Center (JMA) Observatory (JMA)

Mercury-in-glass thermometer
(psychrometer)

Calibration
：every year

Calibration
： at the time of installation

Platinum resistance 
thermometer
TS-81A (Chino, Japan)

Alternating current bridge
F-250 (ASL, UK)

Jan.  2013  by JMA

Standard resistor
(100Ω)

Tolerable range：
±0.4°C



Meteorological Instrument Center Japan Meteorological Agency

Measurement 
standards 
traceable to 
national standards

JMA Standard Working Standard Field Instruments 

Temperature fixed 
points

・Indium point
(156.5985°C)
・Mercury point

(-38.8344°C)
・Water triple point

(0.01 °C)

Platinum resistance thermometer

NSR-160 (Netsushin, Japan) 

Alternating current  bridge
F-600 (ASL, UK)

Water triple-point cell
(0.01°C)

Standard resistor(100Ω)

Platinum resistance 
thermometer

TS-81A (Chino, Japan)

Alternating current bridge
F-250 (ASL, UK)

Platinum resistance 
thermometer

Calibration：
・every year

NSR-160
・every 2 years

Water triple-point cell 
Standard resistor

Check： every 6 months
Using water  triple-point 
cell

Calibration： every 5 years

Check：
・every 3 months

(manned observatory)
・every year (automatic  

weather station)

Traceability of Temperature (JMA)

National Metrology 
Institute of Japan

Meteorological Instruments Center (JMA) Observatory (JMA)

Mercury-in-glass thermometer
(psychrometer)

Calibration
：every year

Calibration
： at the time of installation

Platinum resistance 
thermometer
TS-81A (Chino, Japan)

Alternating current bridge
F-250 (ASL, UK)

Jan.  2013  by JMA

Standard resistor
(100Ω)

Tolerable range：
±0.4°C
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COPY

Certificate of Calibration
(Platinum resistance thermometer)



Meteorological Instrument Center Japan Meteorological Agency

Measurement 
standards 
traceable to 
national standards

JMA Standard Working Standard Field Instruments 

Temperature fixed 
points

・Indium point
(156.5985°C)
・Mercury point

(-38.8344°C)
・Water triple point

(0.01 °C)

Platinum resistance thermometer

NSR-160 (Netsushin, Japan) 

Alternating current  bridge
F-600 (ASL, UK)

Water triple-point cell
(0.01°C)

Standard resistor(100Ω)

Platinum resistance 
thermometer

TS-81A (Chino, Japan)

Alternating current bridge
F-250 (ASL, UK)

Platinum resistance 
thermometer

Calibration：
・every year

NSR-160
・every 2 years

Water triple-point cell 
Standard resistor

Check： every 6 months
Using water  triple-point 
cell

Calibration： every 5 years

Check：
・every 3 months

(manned observatory)
・every year (automatic  

weather station)

Traceability of Temperature (JMA)

National Metrology 
Institute of Japan

Meteorological Instruments Center (JMA) Observatory (JMA)

Mercury-in-glass thermometer
(psychrometer)

Calibration
：every year

Calibration
： at the time of installation

Platinum resistance 
thermometer
TS-81A (Chino, Japan)

Alternating current bridge
F-250 (ASL, UK)

Jan.  2013  by JMA

Standard resistor
(100Ω)

Tolerable range：
±0.4°C
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Alternating current 
bridge

(JMA standard)

PC

100Ωstandard
resistor

Stabilized
power supply

AC100V
powersupply

RS232C

Alternating current 
bridge

(Working  standard)

Platinum resistance 
thermometer
(Working standard)

Liquid bath chamber

Platinum resistance 
thermometer
(JMA standard)

Liquid bath chamber
or
Ice point inspection
box (only for 0°C) 

Ice point inspection box



Meteorological Instrument Center Japan Meteorological Agency

COPY COPY



Meteorological Instrument Center Japan Meteorological Agency

Calibration result

30.0°C 30.1°C

0.11°C0.11°C
Reference
temperature

95 %

Distribution of Calibrated
Indication of temperature

Image

uncertainty
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Measurement 
standards 
traceable to 
national standards

JMA Standard Working Standard Field Instruments 

Temperature fixed 
points

・Indium point
(156.5985°C)
・Mercury point

(-38.8344°C)
・Water triple point

(0.01 °C)

Platinum resistance thermometer

NSR-160 (Netsushin, Japan) 

Alternating current  bridge
F-600 (ASL, UK)

Water triple-point cell
(0.01°C)

Standard resistor(100Ω)

Platinum resistance 
thermometer

TS-81A (Chino, Japan)

Alternating current bridge
F-250 (ASL, UK)

Platinum resistance 
thermometer

Calibration：
・every year

NSR-160
・every 2 years

Water triple-point cell 
Standard resistor

Check： every 6 months
Using water  triple-point 
cell

Calibration： every 5 years

Check：
・every 3 months

(manned observatory)
・every year (automatic  

weather station)

Traceability of Temperature (JMA)

National Metrology 
Institute of Japan

Meteorological Instruments Center (JMA) Observatory (JMA)

Mercury-in-glass thermometer
(psychrometer)

Calibration
：every year

Calibration
： at the time of installation

Platinum resistance 
thermometer
TS-81A (Chino, Japan)

Alternating current bridge
F-250 (ASL, UK)

Jan.  2013  by JMA

Standard resistor
(100Ω)

Tolerable range：
±0.4°C
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Alternating current 
bridge

(Working  standard)

Platinum resistance 
thermometer
(Working standard)

Liquid bath chamber

Ice point 
inspection box

Platinum resistance 
thermometer
or
Mercury-in-glass 
thermometer
(Field instruments)

<Not 0°C> <0°C>



Meteorological Instrument Center Japan Meteorological Agency

An example of Calibration result of 
Mercury-in-glass thermometer

Calibration point

Instrument No.

Instrument error
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National meteorological 
standard

JMA

Traceability of Temperature as to JMA

National Primary Standard
(National metrology institute)

International Standard
(SI unit)

Working standards
(Traveling standards)

Working instruments
(Observation sites)
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National meteorological 
standard

Except 0 deg CNMHS

An example chart of traceability (Temperature)

0 deg C

National Primary Standard
(National metrology institute)

International Standard
(SI unit)

RIC standard

Working standards
(Traveling standards)

Working instruments
(Observation sites)

Laboratory

National Primary Standard
of a foreign country
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2. Calibration of thermometer 
(practice)
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Today’s practice (planned…)

Calibrated items:
- Platinum resistance thermometer: 1 sets 
- Mercury-in-glass thermometer : 3 sets 

Calibration points:
- 0°C （Ice point）
- 30°C (with liquid bath chamber)
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Liquid in glass thermometer

Caution for reading;

The observer ensures 
that the straight line 
from his/her eye to the 
meniscus, or index.
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Liquid in glass thermometer

How to read the value;
The interval of line: 0.2°C
Read the value in 

units of 0.1°C.

3 0

2 0

5

3 0

29.7°C
The value of left example;
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3. Minamata Convention on 
Mercury 
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Minamata Convention on Mercury

 The Minamata Convention on Mercury is a global 
treaty to protect human health and the 
environment from the adverse effects of mercury,
which was agreed in 2013. 

 Under this Convention, imports and exports of 
mercury will no longer be allowed. In this context, 
production, importation and exportation of 
mercury-added products such as thermometers 
and barometers will be stopped by the year 2020.

NMHSs which use mercury-added instruments 
should prepare a transition to modern Alternatives. 

http://www.mercuryconvention.org/

http://www.mercuryconvention.org/
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Mascot of JMA ”Harerun”

Thank You!


