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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 15t floor)
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1. Temperature measurements
(theory)
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Definition of the Sl unit of thermodynamic
temperature (kelvin)

"The kelvin, unit of thermodynamic temperature, Is
the fraction 1/273.16 of the thermodynamic
temperature of the triple point of water."
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The International Temperature Scale of 1990 (ITS-90)

»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.
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Defining fixed points of the ITS-90

Number Temperature Substance(*1) State(*2)
T90/K t90/
1 3t05 -270.15 to -268.15 | He V
2 13.8033 -259.3467 | e-H, T
3 17 -276.15 | e-H,(or He) V(or G)
4 20.3 -252.85 | e-H,(or He) V(or G)
5 24.5561 -248.5939 | Ne T
6 54.3584 -218.7916 | O, T
7 83.8058 -189.3442 | Ar T
8| 234.3156 -38.8344 | Hg T
9 273.16 0.01 | H,O 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-H, 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 equilibri

)
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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
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Traceability of Temperature (JMA) Jan. 2013 by JMA

Measurement
standards
traceable to
national standards

JMA Standard Working Standard Field Instruments

Meteorological Instruments Center (JMA) J [Observatory J MA)]

( National Metrology]
__Institute of Japan

1
1
. 1 . .
Temperature fixed Platinum resistance thermometer|! Platinum resistance Platinum resistance
points —u}I -:-} thermometer thermometer
. . !'| NSR-160 (Netsushin, Japan) ' :
Indium pOIEt " ! TS-81A (Chino, Japan) !
(156.5985 .C) Alternating current bridge ] I T
I}Aggcgg;zggt F-600 (ASL, UK) ' Alternating current bridge Calibration :
- . 1 -
Water triple point _ _ ! F-250 (ASL, UK) at the time of installation ||
0.01 °C Water triple-point cell ! : I
(0.01 °C) (0.01°C) o\ . !
in ! :
. |
Standard resistor Standard resistor(100Q) Calibration ! '
(100Q)) every year ! :
i o I
Calibration Calibration every 5 years :
every year I
NSR-160 A4 |

every 2 years
Water triple-point cell
Standard resistor

Platinum resistance
thermometer

1
1
1
1
1
1
1
1
1
1
1
1
1
1
' y
1

. TS-81A (Chino, Japan)

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

) Tolerable range
Mercury-in-glass thermometer | 0.4°C

(psychrometer)

- J
-

Alternating current bridge
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Traceability of Temperature (JMA) Jan. 2013 by JMA

Measurement
standards
traceable tg

tandard Working Standard Field Instruments

[ Meteoroloyical Instruments Center (JMA) J [Observatory J MA)]

( Nagfonal Metrology]
IgStitute of Japan

emperature fixed Platinum resistance

thermometer

Platinum resistance thermotfeter Platinum resistance

thermometer

T

NSR-160 (Netsushin, Japan

___i_

Indium point

(156.5985°C) Alternating current bridge

Mercury point F-600 (ASL. UK
(-38.8344°C) ( + UK)

ater triple point

I
I
TS-81A (Chino, Japan) !
I

Alternating current bridge
F-250 (ASL, UK)

i

Calibration
every year

7'}

|

Calibration :
at the time of installation ||
|

|

|

|

|

|

|

|

|

|

|

|

|

Water triple-point cell
(0.01°C)

Standard resistor(10§

Calibration every 5 years

CalibratiC
every year
NSR-160
every 2 years

Water triple-point cell

4

Platinum resistance
thermometer

1
1
1
1
1
1
1
1
1
1
1
1
1
1
' y
1

. TS-81A (Chino, Japan)

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

) Tolerable range
Mercury-in-glass thermometer | 0.4°C

(psychrometer)

- J
-

Alternating current bridge
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Page 1of 1 Page

= '_: " M@ J CS S SERIAL No 1206744

JCS5 0025

CERTIFICATE OF CALIBRATION Certi_ﬁcate of _Calibration
SRR e (P 1ATINUM resistance thermometer)

ADDRESS Surukaws 06 [sehars-City Kanagaws Jepan 259-1148

Meteorological

Customer : _Tnstruments Centar JMA Address: 1°2 nagarmme, taukuba iharaki
Item : Flatinum Reo @0y Thermg@0in, M. : W):iaushi
Type: NESR-180 81 UALN @ N=welao
Calibration Method S Fixed Suinty, Ay sjent *Temp, 257 Hom, 60%
Description ® Temperaturs
The Calibration Result. The Calibration Result.
Temperature () Resistanse Ratis(Wt)
‘Triple Point of Mercury -38.8344 0.844216 £0.,000008 Temperature (OC) Resistance Ratm(Wt)
Freezing Point of Indium 156.5985 L.e00468 H0.000012
Triple Point of Mercury -38.8344 0.844216 +0.000008

The uncertainties are for a confidemce probability of not less than 95%

Mote = All gquoted resistances ratio has been extrapolated to a current of OmA. F]_'eemg Pomt Of Ind].um 156.5985 1.609468 :‘:0.000012
The resistance at triple pint of water has been 9992840
The measurement has done by wusing Guildlime 99756 curremt comparator
resistance bridge.

Calibrated on 25 August 2012
Izsued by Tanaka Kikinzoke Kogyo K.
Iszhara Works Thermometer Calibration Laboratory
Date of issue 28 August 2012 ey -
Approved Signatura /. fEeind el
Tokio HAMADA

This certificate is isswad in acerdancs with the conditione of accreditation granted by Jepan Calibration
Service Syetem, which is based on ISOVIEC 17025 snd also participates in the MEA not snly APLAC bat
also TLAC.
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Traceability of Temperature (JMA) Jan. 2013 by JMA

Measurement
standards
traceable to
national standards

Field Instruments

eteorological Instruments Center (J

( National Metrology]
__Institute of Japan

J E [Observatory (JMA)]

1
1
Te_mtperature fixed \ | Platinum resistance Platinum resistance
points l . thermometer
_:_} -:—} , thermometer
. . 1 I
Indium point ' I TS-81A (Chino, Japan) [
(156.5985°C) ! ! A
. . . |
Mercury point ' Alternating current bridge et |
(-38.8344°C) | F-250 (ASL, UK) Calibration |
Water triple point ! ’ || atthe time of installation :
(0.01 °C) ! : '
L] ! |
. I
Standard resistor Standard r&jstor(100Q) Calibration : l
(100Q)) every year ! :
Fm—---—---—=---= T [
Calibration Calibration every 5 years :
every year [
NSR-160 }I\V/ :

every 2 years
Water triple-point cell
Standard resistor

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

y

) Tolerable range
Mercury-in-glass thermometer | 0.4°C

(psychrometer)

- J
-

Alternating current bridge
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100Qstandard
resistor

Platinum resistance
thermometer
(Working standard)

Alternating current Alternating current
bridge bridge
(Working standard) (JMA standard)
RS232C |
PC

Platinum resistance
> < thermometer

(JMA standard)

Liquid bath chamber
or

Ice point inspection
box (only for 0°C)

Stabilized
power supply

AC100V
powersupply

Ice point inspection box
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Certficate MNo. RIC2013 - ==

Jcss

JCSS 0295

Cahbration Certificates

:Eentm HEERRERXERETATR R TR TR R ET TR R ¥

:ﬁeﬂtm AT TR T T TR TR E ¥

Calibranon Bite 0  Meteorologieal Instruments Center, Japan Meteorological Agency.,
Calibrarion Irep - Thermomersr,,

Bt CEL 2

Trpe and 8 nal ¥umbs' :
Manufacmy ip i =Eess ww
Calibraton Mg o3¢ Az s o apa : 2.,
Calibration Conditions - Room Temperatare 216 °C - 256 °C.
Relative humidity 22% -34%.,
Calibradon Resulrz: Az shown inpage 2.,
Dare of Application @ 26 November 2012,
Date of Performance ofthe Calibragon © 27 - 29 November 2012,

Date of 13zue: 10 January 2013,
The 1ssming Authority.,

|

+

Matsugl Eatsuyamar'
Director,
Meteorolomeal Insruments Center, JMA
1-2 Nagamine Taukuba-zhi Tharaki Japan

This certifieste iz bazed on article 144 of the Messurement Law and indicates the remult of calibration
n accordance with mesaurement standeards trmeezhle to Pomary Meszurement Stenderds (Mational
S‘ta.ud.'arde} w’ﬂ.u'_h realizes the physim]l umis of messurement sccordins to the Intematmal System of
Unate (30). The itation aymbol &2 attestation of which the result of calibration iz traceabls to
anar':Meam.mmentStandaIda (ational Standarda). .

1"'}? certificate zhall net be reproduced except in full wathout the wrntten spproval of the 1zsmng
aboratory..

The calibration laboratay who izaued thiz cahbration certificate confoomas to ISOTEC 17025:2005.
Thiz mlibrmtion certificate was Eaned by the calbration kbomtory accredited by Idapan who = 2
=1.gna1m:. to the Mutusl Recosnition -"nmng&m.em: MIRA) of Internationsl Labormtory Accreditation
Cooperstion (ILAC) and Asis Parific Labomtory Accreditation Cooperstion (APLAC) This (These)
:a]ibraﬁnnraault[a}mayheam&ptedintﬂnaﬁﬂuaﬂythxwghﬂ&ﬂ.ﬂ@hlﬂbmi |

Meteorological Instrument Center

Page 10f2 pages.,

Page 2 of 2 pages
Certficate Mo RIC2013 - ==

Calibradon method .
* The calibradon item waz calibrated with the Bllowing rerence standards and
INSTruments;:
Platinum resistance thermomerer: NER-160, N2-05030 (MNetzushin) |
Warer triple point cell: 53801C-G. 2038 (FLUKE).
Alternanng currenthrides © FEODAC, 012T05/09 (ASL)
Standard resistor 100 O intemperature controlledenclosare @,
56854, 1455302 (Tinsley)
* The calibrsss0 item wansnmpars 3 gpth the sbove reference stamdards in the liguid
chambe; at the folld qing cabh rat on poil 2 ower/aan 0 °C (in the ice point bath).
The pro| :dure uzed  athizcal oré .ww was the st adard operanng procedure manual

No.4 of Mosnogica, Tngrimen : Center, JhA
Calibraton results.
Nominal Reference Calihrared., Devianom. Expanded
emperature | temperature | indicanon i UNCErtaine
\ .. emperarre., a a
i (A) (Bl (Bl - (A). i
(*Cl.. (*C}.. (°C). (T GGl
~10., -10.000., -8.980., 0.020., 0.045,
0. 0000, 0.020., 0.020., 0.013.
10, 10.000., 10.019, 0015, 0.036.
.. 20000, 20019, 0019, 0.036.,
3. 30,000, 0018, 0018, 0.036.,
40, 400000, 40.019, 0,019, 0.036..
50. 50.000., 50.020., 0.020., 0.036.,
Note.

The reported expanded uncertainty iz stated az the combined standard uncertainty

multiplied by the coverage factor £ = 2, which ©r a normal dizribution corresponds o

& coverapge probability of appromimarely 95 .,

Characterization type 1z ITE-00 (R0 = 900083, Ad=-1.03RRZ0x 102
B4=1068843x 104,

- End of Ceruficarte -,
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Image

Calibration result

Distribution of Calibrated
Indication of temperature

30.0°C 30.1°C

Reference
temperature

\

J

|
95 %

/< > € >
0.11°C 0.11°C\

uncertainty
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Traceability of Temperature (JMA) Jan. 2013 by JMA

Measurement
standards
traceable to
national standards

JMA Standard Working ndard Fie struments

Meteorological Instruments C€nter (JMA) J [Observato (JMA)]

( National Metrology]
__Institute of Japan

1
1
. 1 . .
Temperature fixed Platinum resistance thermometer| ! Plgtinum resistance Platinum resistance
points —-}I -:-} thgrmometer thermometer
. . !'| NSR-160 (Netsushin, Japan) ' :
Indium pOIEt " ! T$§-81A (Chino, Japan) !
IS/Iltfr?:fr?/Sp?oigt) Alternating current bridge ! I T
F-600 (ASL, UK Altgrnating current bridge I I
(-38.8344°C) ( ) 1\ EXo (ASQ’L UK) %|| calibration |
Water triple point . . ! ' at the time of installation |1
0.01 °C Water triple-point cell ! .
(0.01°C) (0.01°C) . !
11] ! :
H |
Standard resistor Standard resistor(100Q) Calibration : l
(1009) every year I :
rFe—m === |
Calibration ry S years :
every year I
NSR-160 }'\/ |

every 2 years
Water triple-point cell
Standard resistor

Platinum resistance
thermometer

1
1
1
1
1
1
1
1
1
1
1
1
1
1
' y
1

. TS-81A (Chino, Japan)

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

) Tolerable range
Mercury-in-glass thermometer | 0.4°C

(psychrometer)

- J
-

Alternating current bridge
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<Not 0°C>

Platinum resistance

thermometer <4+—

(Working standard) Platinum resistance
thermometer
or
Mercury-in-glass
thermometer

(Field instruments)

Ice point
inspection box

Liquid bath chamber
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An example of Calibration result of
Mercury-in-glass thermometer

ﬁ Instrument error

| BIFMBEFS | 41625-00215
Instrument No.
— [ @#arc] | WE@CT)
40 -0.1
Calibration point 35 -0.1
30 -0.2
25 -D.2
20 -0.1
15 -0.1
10 -0.1
5 -0.1
0 -0.1
-5 -0.1
-10 -0.1
-15 -0.2
-20 -0.2
-25 -0.2
-30 -0.2
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Traceability of Temperature as to JMA

=

National Primary Standard
(National metrology institute)

Working standards
(Traveling standards)

Working instruments

(Observation sites)
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An example chart of traceabillity (Temperature)

National Primary Standard
of a foreign country

National Primary Standard
(National metrology institute)

Except 0deg C

Working standards
(Traveling standards)

Working instruments
(Observation sites)
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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

LW ©) 55T

Japan Meteorological Agency

Meteorological Instrument Center



Liquid In glass thermometer

J
)

Caution for reading;

|I||.I-I.I.I.1|1.I

v  The observer ensures
il #» that the straight line
from his/her eye to the
meniscus, or index.

/

ittt b bt

SET
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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.

The value of left example;

29.7°C
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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.

‘fﬁ MINAMATA

/ GONVENTION
SR ERATEE  nittp://www.mercuryconvention.org/
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http://www.mercuryconvention.org/

Mascot of JIMA ”Harerun”
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