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ĕŀĚľƟŀĚĮĢŇĭńĨŇĔŅĶĪŅĚĔŅĶŐıĪĵƢȮĞŉŗĚŒĬĶŃĭĭĴŅĨĶģŅĬĽŅĔĸ ISO 9001/ ISO 
15189/ ISO/IEC 17025 ĴňĕƟŀĔŜŅľĬħĪňŗŏĬƟĬŒľƟŏėĶŊŗŀĚĴŊŀĺŇĪĵŅĻŅĽĨĶƢĪňŗŒĝƟŒĬĔŅĶĨĶĺě
ĺŇŏėĶŅŃľƢȮĨƟŀĚĴňĔŅĶĭĶŇľŅĶěńħĔŅĶĪňŗħňȮĴňĔŅĶĽŀĭŏĪňĵĭŏėĶŊŗŀĚĴŊŀŏıŊŗŀŒľƟĴńŗĬŒěĺƞŅĵńĚėĚŒľƟ
ėƞŅĪňŗĩŌĔĨƟŀĚȮħńĚĬńŘĬȮĭŋėĸŅĔĶĪňŗĮĢŇĭńĨŇĚŅĬĪŅĚħƟŅĬľƟŀĚĮĢŇĭńĨŇĔŅĶĨĶĺěĺŇŏėĶŅŃľƢȮěŉĚėĺĶ
ĴňėĺŅĴĶŌƟŏĔňŗĵĺĔńĭŏėĶŊŗŀĚĴŊŀȮŐĸŃĴňėĺŅĴŏĕƟŅŒěĨƞŀĔŅĶĭĶŇľŅĶěńħĔŅĶŏėĶŊŗŀĚĴŊŀȮœħƟŐĔƞȮ
ėĺŅĴĶŌƟıŊŘĬģŅĬĕŀĚŏėĶŊŗŀĚĴŊŀȮľĸńĔĔŅĶĕŀĚĔŅĶĽŀĭŏĪňĵĭŏėĶŊŗŀĚĴŊŀȮőħĵŏĜıŅŃŀĵƞŅĚĵŇŗĚ
ĔŅĶĨĶĺěĽŀĭŏėĶŊŗŀĚĴŊŀĺńħĶŃľĺƞŅĚŒĝƟĚŅĬľĶŊŀ Intermediate checksȮĔƞŀĬĩŉĚĶŀĭĔŅĶ
ĽŀĭŏĪňĵĭȮĞŉŗĚŏĮƦĬĽŇŗĚěŜŅŏĮƦĬȮŏıŊŗŀŒľƟŐĬƞŒěĺƞŅŏėĶŊŗŀĚĴŊŀĵńĚėĚŒľƟėƞŅĔŅĶĺńħĪňŗĩŌĔĨƟŀĚŒĬ
ĶŃľĺƞŅĚĔŅĶŒĝƟĚŅĬȮĽƞĚįĸŒľƟįĸĔŅĶĺŇŏėĶŅŃľƢŏĝŊŗŀĩŊŀœħƟ 
ȮȮȮȮȮȮȮȮȮȮȮȮĬŀĔěŅĔĬňŘȮĔŅĶĪŜŅ Intermediate checksȮěŃĝƞĺĵĵŊħĶŃĵŃŏĺĸŅĔŅĶĽŀĭ
ŏĪňĵĭŏĪŀĶƢőĴĴŇŏĨŀĶƢŀŀĔœĮěŅĔŏħŇĴĪňŗĽŀĭŏĪňĵĭĪŋĔĮƖȮŏĮƦĬȮ0ȮĮƖĽŀĭŏĪňĵĭȮ/ȮėĶńŘĚ
ĽŜŅľĶńĭȮDigital thermometerȮŐĸŃĪŋĔŕȮ3ȮĮƖȮĽŀĭŏĪňĵĭȮ/ȮėĶńŘĚĽŜŅľĶńĭȮLiquid in 
glass thermometerȮŏĮƦĬĨƟĬȮĪŜŅŒľƟĽŅĴŅĶĩĸħĚĭĮĶŃĴŅĦĔŅĶĽŀĭŏĪňĵĭœħƟĶŃħńĭ
ľĬŉŗĚȮĶĺĴĪńŘĚŏĮƦĬĔŅĶıńĥĬŅĻńĔĵĳŅıėĺŅĴĽŅĴŅĶĩħƟŅĬŏėĶŊŗŀĚĴŊŀĺŇĪĵŅĻŅĽĨĶƢĪńŘĚ
ĳŅėĪķļġňŐĸŃĳŅėĮĢŇĭńĨŇŐĔƞĭŋėĸŅĔĶĕŀĚĽĩŅĭńĬĺŇěńĵĺŇĪĵŅĻŅĽĨĶƢĽŅīŅĶĦĽŋĕ 
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ȮȮȮȮȮȮȮȮȮȮȮȮŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶȮĬŀĔěŅĔĺŇīňĪħĽŀĭĪňŗŒĝƟŒĬĔŅĶĨĶĺěŐĸƟĺȮŏėĶŊŗŀĚĴŊŀĺŇĪĵŅĻŅĽĨĶƢĬńĭĺƞŅ
ĴňėĺŅĴĽŜŅėńĠĨƞŀįĸĔŅĶĪħĽŀĭȮ-ȮĺŇŏėĶŅŃľƢȮĨŅĴĶŃĭĭėŋĦĳŅıľƟŀĚĮĢŇĭńĨŇĔŅĶȮĴŅĨĶģŅĬĽŅĔĸȮ
ISO 15189 ĞŉŗĚľŅĔœĴƞĬńĭĶĺĴŀŋĮĔĶĦƢěŜŅıĺĔŏėĶŊŗŀĚŐĔƟĺŐĸƟĺȮľƟŀĚĮĢŇĭńĨŇĔŅĶěŃĴňŏėĶŊŗŀĚĴŊŀȮ
(Equipment) ĪňŗįŌƟŒĝƟėĺĶŒľƟėĺŅĴĽŜŅėńĠŒĬĔŅĶĻŉĔļŅĔŅĶŒĝƟĚŅĬȮħŌŐĸŐĸŃĭŜŅĶŋĚĶńĔļŅȮŏıŊŗŀŒľƟŒĝƟĚŅĬ
œħƟŀĵƞŅĚĩŌĔĨƟŀĚȮŐĭƞĚŏĮƦĬȮ2 ĮĶŃŏĳĪȮœħƟŐĔƞ 

ŏėĶŊŗŀĚĴŊŀĺŇĪĵŅĻŅĽĨĶƢŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶ 

2.ȮŏėĶŊŗŀĚĴŊŀĺńħ (Measuring instrument) Ȯ
ľĴŅĵĩŉĚȮŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟĨĶĺěĺńħėƞŅȮŐĸŃ
ŐĽħĚįĸŏĮƦĬĨńĺŏĸĕȮœħƟŐĔƞȮœĴƟĭĶĶĪńħȮȮœĮŏĮĨȮ
(Pipette) ŏėĶŊŗŀĚĺńħėƞŅĔĶħħƞŅĚȮ&pHȮmeter'Ȯ
ŏėĶŊŗŀĚĝńŗĚȮŏĪŀĶƢőĴĴŇŏĨŀĶƢȮĬŅĿŇĔŅěńĭŏĺĸŅȮȮȮȮ
ŏĮƦĬĨƟĬȮ 

1.ȮŏėĶŊŗŀĚĴŊŀĺŇĪĵŅĻŅĽĨĶƢȮ(ScientificȮinstrument) 
ŏĮƦĬŏėĶŊŗŀĚĴŊŀĺŇĪĵŅĻŅĽĨĶƢĪńŗĺœĮȮĪňŗŒĝƟŒĬĔĶŃĭĺĬĔŅĶ
ĨĶĺěĺŇŏėĶŅŃľƢȮĪňŗœĴƞœħƟŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶĺńħȮœħƟŐĔƞȮĨŌƟŀĭ
ŏıŅŃŏĝŊŘŀȮ(Incubator)ȮĨŌƟĮĶŅĻěŅĔŏĝŊŘŀȮ&Biosafety 
cabinet) ŏėĶŊŗŀĚĬŉŗĚęƞŅŏĝŊŘŀȮ(Autoclave'ȮŏėĶŊŗŀĚ PCRȮ
ĔĸƟŀĚěŋĸĪĶĶĻĬƢȮŏĮƦĬĨƟĬ 
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ĪňŗĴŅȮ: http://tsen.in.th/ 

ĪňŗĴŅȮ: http://tsen.in.th/ 



Question ? Ȯ: ĨŌƟėĺĭėŋĴŀŋĦľĳŌĴŇȮ&Temperature  
enclosures)ȮĨƞŅĚŕȮŏĝƞĬȮĨŌƟŀĭŏıŅŃŏĝŊŘŀȮȮĨŌƟŏĵŖĬȮĨŌƟŐĝƞŐĕŖĚȮĔŖĴň
ĨńĺŏĸĕŐĽħĚĪňŗŏėĶŊŗŀĚȮŏĮƦĬŏėĶŊŗŀĚĴŊŀĺńħľĶŊŀœĴƞȮ? 

ŏėĶŊŗŀĚĴŊŀĺńħŀŋĦľĳŌĴŇȮȮ 

ŏėĶŊŗŀĚĴŊŀĺńħŀŋĦľĳŌĴŇȮ- ŏĪŀĶƢőĴĴŇŏĨŀĶƢ 
 ȮȮȮȮȮȮĮĶŃŏĳĪĕŀĚŏĪŀĶƢőĴĴŇŏĨŀĶƢȮŐĭƞĚĨŅĴĔĶŃĭĺĬĺńħŏĮƦĬȮ2 ĮĶŃŏĳĪȮœħƟŐĔƞȮ 
1.ȮŏĪŀĶƢőĴĴŇŏĨŀĶƢŐĭĭĽńĴįńĽȮ(Contact thermometers)Ȯ 
2.ȮŏĪŀĶƢőĴĴŇŏĨŀĶƢȮŐĭĭœĴƞĽńĴįńĽ (Non-contact thermometers)  

ŏĪŀĶƢőĴĴŇŏĨŀĶƢŐĭĭĽńĴįńĽȮ(Contact thermometers)Ȯ 
ȮȮȮȮȮȮȮȮŐľĸƞĚĔŜŅŏĬŇħŀŋĦľĳŌĴŇĪňŗĨƟŀĚĔŅĶĺńħěŃĽńĴįńĽĔńĭľńĺĺńħŀŋĦľĳŌĴŇőħĵĨĶĚȮŏıŊŗŀĮĶŃĴĺĸ
ĽńĠĠŅĦĴŅĵńĚŀŋĮĔĶĦƢŐĽħĚįĸȮŐĸŃĭńĬĪŉĔįĸȮőħĵėĺŅĴľĴŅĵĕŀĚĔŅĶĽńĴįńĽěŃŐĵĔĮĶŃŏĳĪ
ĨŅĴĸńĔļĦŃĔŅĶŒĝƟĚŅĬĪňŗĨƟŀĚĔŅĶĺńħȮœħƟŐĔƞȮĽńĴįńĽĪňŗıŊŘĬįŇĺȮ(Surface) ĽńĴįńĽŐĭĭěŋƞĴȮ(Immerse) 
ĽńĴįńĽŐĭĭŏĽňĵĭȮ(Penetrate) ŏĮƦĬĨƟĬ 

Answer  J : ŏėĶŊŗŀĚĴŊŀħńĚĔĸƞŅĺȮŏĮƦĬŏėĶŊŗŀĚĴŊŀĪňŗėĺĭėŋĴŀŋĦľĳŌĴŇŒľƟœħƟėƞŅĨŅĴĪňŗ
ĔŜŅľĬħȮŐĨƞĴňŏĪŀĶƢőĴĴŇŏĨŀĶƢŏĮƦĬŏėĶŊŗŀĚĴŊŀĺńħȮĞŉŗĚŏĮƦĬĽƞĺĬĮĶŃĔŀĭĔŅĶĪŜŅĚŅĬĕŀĚŏėĶŊŗŀĚ
ĪňŗŀĵŌƞĳŅĵŒĬȮŐĸŃŐĽħĚįĸŏĮƦĬĨńĺŏĸĕĪňŗľĬƟŅĨŌƟȮħńĚĬńŘĬĔŅĶĽŀĭŏĪňĵĭȮěŉĚŏĮƦĬĔŅĶ
ĨĶĺěĽŀĭĔŅĶĪŜŅĚŅĬĕŀĚŏėĶŊŗŀĚĪňŗŐĽħĚĨńĺŏĸĕŀŀĔĴŅŒľƟŏľŖĬěŅĔĔŅĶŀƞŅĬėƞŅĕŀĚ
ŏĪŀĶƢőĴĴŇŏĨŀĶƢĳŅĵŒĬĬńŗĬŏŀĚ 

ȮȮȮȮȮȮȮŏĪŀĶƢőĴĴŇŏĨŀĶƢŐĭĭĽńĴįńĽȮěŃŐĭƞĚĨŅĴĸńĔļĦŃľńĺĺńħŀŋĦľĳŌĴŇȮ(Probe) ħńĚĬňŘ 
Ȯ 1' Mechanical thermometerȮ 
 2' Thermoresistive 
 3' Thermojunctive 

Temperature enclosure (Chamber)  
ȮȮȮȮȮȮŏĮƦĬĨŌƟėĺĭėŋĴŀŋĦľĳŌĴŇĪňŗŒĝƟŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶȮœħƟŐĔƞȮĨŌƟŀĭĶƟŀĬȮĨŌƟŀĭŏıŅŃŏĝŊŘŀȮĨŌƟŏĵŖĬȮĨŌƟŐĝƞŐĕŖĚȮ
ŏĮƦĬĨƟĬȮĞŉŗĚŏėĶŊŗŀĚěŃĴňőėĶĚĽĶƟŅĚŐĸŃľĸńĔĔŅĶĪŜŅĚŅĬĪňŗėĸƟŅĵȮŕȮĔńĬȮėŊŀŒĝƟŁňĪŏĨŀĶƢĽĶƟŅĚėĺŅĴĶƟŀĬȮ
ėŀĴŏıĶĽŏĞŀĶƢĪŜŅėĺŅĴŏĵŖĬȮŒĝƟıńħĸĴľĴŋĬŏĺňĵĬŀŅĔŅĻȮ 
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1) Mechanical thermometerȮ 
ȮȮȮȮȮľĸńĔĔŅĶėŊŀȮėŋĦĽĴĭńĨŇŏĝŇĚĔĸŏĮĸňŗĵĬŐĮĸĚĨŅĴŀŋĦľĳŌĴŇĪňŗŏĮĸňŗĵĬœĮȮŏĴŊŗŀŀŋĦľĳŌĴŇĴňĔŅĶ
ŏĮĸňŗĵĬŐĮĸĚȮėŋĦĽĴĭńĨŇŏĝŇĚĔĸĕŀĚŏėĶŊŗŀĚĴŊŀĬńŘĬĔŖěŃŏĮĸňŗĵĬŐĮĸĚœĮȮŏĝƞĬȮĔŅĶĵŊħľĶŊŀľħĨńĺ
ĕŀĚĕŀĚŏľĸĺĳŅĵŒĬĔĶŃŏĮŅŃŐĔƟĺĕŀĚȮLiquid-in-glass thermometer ľĶŊŀĔŅĶĵŊħľĶŊŀľħȮ
ĨńĺĕŀĚőĸľŃȮȮŐĨƞĸŃĝĬŇħŒĬȮBimetallic thermometer ŏĮƦĬĨƟĬ  

ŏĪŀĶƢőĴĴŇŏĨŀĶƢŐĭĭĽńĴįńĽȮ 

Å Temperature gaugeȮľĶŊŀȮŏĔěƢĺńħŀŋĦľĳŌĴŇȮ 

Å Liquid-in-glass thermometers 
ȮȮȮŏĮƦĬŀŋĮĔĶĦƢĺńħŀŋĦľĳŌĴŇĪňŗȮĪŜŅĚŅĬőħĵ
ŀŅĻńĵľĸńĔĔŅĶŏĮĸňŗĵĬŐĮĸĚėŋĦĽĴĭńĨŇ
ŏĝŇĚĔĸȮħƟĺĵĔŅĶĕĵŅĵĨńĺľĶŊŀľħĨńĺĕŀĚ
ĕŀĚŏľĸĺȮőħĵŏĴŊŗŀĕŀĚŏľĸĺœħƟĶńĭėĺŅĴ
ĶƟŀĬĪŜŅŒľƟŀŋĦľĳŌĴŇŏıŇŗĴĽŌĚĕŉŘĬěŃĕĵŅĵĨńĺȮ
ŐĸŃľħĨńĺĸĚŏĴŊŗŀŀŋĦľĳŌĴŇĕŀĚŏľĸĺĸħĸĚ 

ŏĮƦĬȮSensor ĺńħŀŋĦľĳŌĴŇĝĬŇħľĬŉŗĚĪňŗĺńħŐĸŃ
ŐĽħĚįĸįƞŅĬľĬƟŅĮƤħŐĽħĚįĸ ěŅĔĔŅĶĪŜŅĚŅĬ
ĕŀĚȮBimetalȮĪňŗŀŅĻńĵľĸńĔĔŅĶŏĮĸňŗĵĬŐĮĸĚ
ŏĝŇĚĔĸȮěŅĔĔŅĶĕĵŅĵĨńĺĕŀĚŐĩĭőĸľŃĽŀĚ
ĝĬŇħȮĪňŗĴňėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĕĵŅĵĨńĺȮ&ėƞŅ k 'Ȯ
ěŅĔėĺŅĴĶƟŀĬœĴƞŏĪƞŅĔńĬȮĬŜŅĴŅĪŅĭĨŇħĔńĬ
ĽĬŇĪȮŏĴŊŗŀœħƟĶńĭėĺŅĴĶƟŀĬőĸľŃĪńŘĚĽŀĚŏĔŇħĔŅĶ
ĕĵŅĵĨńĺœĴƞŏĪƞŅĔńĬȮĪŜŅŒľƟŐĩĭőĸľŃŏĔŇħĔŅĶ
őėƟĚĚŀĕŉŘĬȮȮ 
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ĪňŗĴŅȮ: http://www.thermcoproducts.com 

ĪňŗĴŅȮ: 
https://www.theengineeringconcepts
.com/bimetallic-thermometer 



2) Thermoresistive  
ȮȮȮȮľĸńĔĔŅĶėŊŀȮėĺŅĴĨƟŅĬĪŅĬŏĮĸňŗĵĬŐĮĸĚĨŅĴŀŋĦľĳŌĴŇĪňŗŏĮĸňŗĵĬœĮȮėĺŅĴĨƟŅĬĪŅĬĕŀĚ
ŏėĶŊŗŀĚĴŊŀĝĬŇħĬňŘěŃŏĮĸňŗĵĬŐĮĸĚĨŅĴŀŋĦľĳŌĴŇĪňŗŏĮĸňŗĵĬœĮ 

Å Platinum resistance thermometer (PRT) ľĶŊŀȮResistance 
temperature detector (RTD) Ĵň PlatinumȮŏĮƦĬőėĶĚĽĶƟŅĚľĸńĔȮŐĸŃ
ĴňĔŅĶįĽĴĔńĭőĸľŃŀŊŗĬŏıŊŗŀŒľƟœħƟĝƞĺĚĔŅĶĺńħŀŋĦľĳŌĴŇĪňŗĔĺƟŅĚĕŉŘĬȮȮėĺŅĴ
ĨƟŅĬĪŅĬěŃŏıŇŗĴĕŉŘĬŏĴŊŗŀŀŋĦľĳŌĴŇĽŌĚĕŉŘĬȮ 

Å Thermistor ȮĴňľĸńĔĔŅĶĪŜŅĚŅĬŏľĴŊŀĬ PRT ŐĨƞŒĝƟ Semiconductor 
material ŐĪĬőĸľŃȮŐĸŃĴňėĺŅĴœĺĨƞŀŀŋĦľĳŌĴŇĴŅĔĔĺƞŅ PRT ėƞŅėĺŅĴ
ĨƟŅĬĪŅĬĕŀĚŀŋĦľĳŌĴŇĪňŗŀƞŅĬėƞŅœħƟĔĸńĭĴňėƞŅœĴƞŏĮƦĬŏĝŇĚŏĽƟĬŏľĴŊŀĬ PRT ėŊŀ
ėĺŅĴĨƟŅĬĪŅĬěŃĸħĸĚĽĺĬĪŅĚĔńĭŀŋĦľĳŌĴŇĪňŗŏıŇŗĴĕŉŘĬ 

ŏĪŀĶƢőĴĴŇŏĨŀĶƢŐĭĭĽńĴįńĽȮ 
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ĪňŗĴŅȮ: www.ŏĪŀĶƢőĴėńĮŏĮƕĸ,com-ĽŅĶŃėĺŅĴĶŌƟŰŏĪŀĶƢőĴėńĮŏĮƕĸ- 
thermocouple-rtd-pt100ŰŏĪŀĶƢőĴėńĮŏĮƕĸŐĸŃŀŅĶƢĪňħň,html 

ĪňŗĴŅȮ: https://www.capgo.com/Resources/Temperature/Thermistor/Thermistor.html 



3) Thermojunctive  
ȮȮȮȮŒĝƟľĸńĔĔŅĶŐĶĚŏėĸŊŗŀĬœĲĲƚŅ
ŏĮĸňŗĵĬŐĮĸĚĨŅĴŀŋĦľĳŌĴŇĪňŗŏĮĸňŗĵĬœĮȮ
ŏėĶŊŗŀĚĴŊŀĺńħĝĬŇħĬňŘœħƟŐĔƞȮ
ThermocoupleȮ&TC) ŏĮƦĬŀŋĮĔĶĦƢĪňŗ
ŐĮĸĚįĸĨƞŅĚĪŅĚŀŋĦľĳŌĴŇŏĮƦĬ
ŐĶĚŏėĸŊŗŀĬœĲĲƚŅȮ&ŐĶĚħńĬĞňŏĭė'Ȯőħĵ
ěŃŒľƟŐĶĚŏėĸŊŗŀĬœĲĲƚŅŀŀĔĴŅ
ŏĬŊŗŀĚěŅĔėĺŅĴŐĨĔĨƞŅĚĶŃľĺƞŅĚ
ŀŋĦľĳŌĴŇĪňŗěŋħĺńħȮ(Measuring 
junction) ŏĪňĵĭĔńĭěŋħŀŋĦľĳŌĴŇ
ŀƟŅĚŀŇĚȮ(Reference junction) 

ŏĪŀĶƢőĴĴŇŏĨŀĶƢŐĭĭĽńĴįńĽȮ 

ĸńĔļĦŃľńĺĺńħŀŋĦľĳŌĴŇȮ
(Probe) 

Mechanical 
thermometerȮ Thermoresistive Thermojunctive 

ŏĪŀĶƢőĴĴŇŏĨŀĶƢŐĭĭĽńĴįńĽȮ 
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ŏĪŀĶƢőĴĴŇŏĨŀĶƢȮŐĭĭœĴƞĽńĴįńĽ (Non-contact thermometers) ľĶŊŀȮInfrared 
thermometerȮőħĵŏėĶŊŗŀĚĴŊŀĺńħĨĶĺěěńĭĶŃħńĭėĺŅĴŏĕƟĴĕŀĚĶńĚĽňŀŇĬĲĶŅŏĶħĪňŗŐįƞŀŀĔĴŅ
ěŅĔĺńĨĩŋěŅĔıŊŘĬįŇĺŏĪƞŅĬńŘĬȮĞŉŗĚŏĮƦĬįĸěŅĔĔŅĶŐįƞĶńĚĽňėĺŅĴĶƟŀĬȮěŃįƞŅĬĽƞĺĬĶĺĴŐĽĚœĮĪňŗ
ĨńĺĨĶĺěěńĭȮ&Detector) ŐĸŃįƞŅĬĺĚěĶŀŇŏĸŖĔĪĶŀĬŇĔĽƢŏıŊŗŀėŜŅĬĺĦŐĸŃŐĮĸĚėƞŅŏĮƦĬ
ŀŋĦľĳŌĴŇĪňŗěŀŐĽħĚįĸȮLCDȮĞŉŗĚėƞŅĪňŗœħƟĵńĚŏĮƦĬėƞŅŀŋĦľĳŌĴŇĺńĨĩŋĪňŗŐĪƟěĶŇĚȮœĴƞĴňįĸĔĶŃĪĭȮěŅĔ
ĽĳŅıŐĺħĸƟŀĴĶŀĭĕƟŅĚȮȮ 

ŏĪŀĶƢőĴĴŇŏĨŀĶƢŐĭĭœĴƞĽńĴįńĽȮ 

ȮȮȮȮĸńĔļĦŃĕŀĚľńĺĺńħŀŋĦľĳŌĴŇȮěŃŏĮƦĬŐĭĭ
ĔŅĶŐįƞĶńĚĽňėĺŅĴĶƟŀĬȮȮ&Radiative)ȮįƞŅĬ
ėĸŊŗĬŐĴƞŏľĸŖĔœĲĲƚŅĪňŗœħƟěŅĔĔŅĶŐįƞĶńĚĽňėĺŅĴ
ĶƟŀĬěŅĔĺńĨĩŋĬńŘĬŕȮĪňŗŏĶňĵĔĺƞŅȮThermal 
radiation őħĵĺńĨĩŋĪňŗĴňŀŋĦľĳŌĴŇĽŌĚĴňĔŅĶ
ŏĮĸƞĚŐĽĚĽĺƞŅĚĴŅĔĔĺƞŅȮĴňĮĶŇĴŅĦĶńĚĽňėĺŅĴ
ĶƟŀĬĪňŗŐįƞŀŀĔĴŅĴŅĔĔĺƞŅĺńĨĩŋĪňŗĴňŀŋĦľĳŌĴŇĨŗŜŅ
ĪňŗŏĮĸƞĚŐĽĚĬƟŀĵĔĺƞŅȮĨŅĴľĸńĔĔŅĶĕŀĚ 
Planck law ĞŉŗĚŒľƟėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚ
ĮĶŇĴŅĦĶńĚĽňĪňŗŐįƞŀŀĔĴŅěŅĔıŊŘĬįŇĺľĬŉŗĚ 

ĞŉŗĚĨńĺŀĵƞŅĚĕŀĚŏėĶŊŗŀĚĴŊŀĺńħŀŋĦľĳŌĴŇĮĶŃŏĳĪĬňŘȮœħƟŐĔƞȮ
Radiation thermometer, Infrared and opticalȮ
pyrometer ŐĸŃȮThermal imaging camera ŏĮƦĬĨƟĬ 

ľĬƞĺĵľĶŊŀŀŅěŏĶňĵĔĺƞŅėƞŅėĺŅĴŏĕƟĴĽňĪňŗŀŋĦľĳŌĴŇŒħȮŕ 
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ĪňŗĴŅȮ: http://www.pyrometer.com 



ȮȮȮȮȮȮȮȮĔŅĶĨĶĺěĺŇŏėĶŅŃľƢĪŅĚľƟŀĚĮĢŇĭńĨŇĔŅĶĪŅĚĔŅĶŐıĪĵƢȮĔŅĶŒĝƟŏėĶŊŗŀĚĴŊŀĺńħŀŋĦľĳŌĴŇȮ
ŏĮƦĬĽŇŗĚĪňŗĕŅħœĴƞœħƟȮŏĬŊŗŀĚěŅĔŀŋĦľĳŌĴŇŏĮƦĬĮƤěěńĵľĸńĔŒĬĔĶŃĭĺĬĔŅĶĨĶĺěĺŇŏėĶŅŃľƢȮĔŅĶĭƞĴ
ŏıŅŃŏĝŊŘŀȮĔŅĶŏĔŖĭĶńĔļŅĨńĺŀĵƞŅĚȮħńĚĬńŘĬȮěŉĚĨƟŀĚŒľƟėĺŅĴĽŜŅėńĠĔńĭŏĪŀĶƢőĴĴŇŏĨŀĶƢŒĬ
ľƟŀĚĮĢŇĭńĨŇĔŅĶȮŏıŊŗŀŒľƟĴńŗĬŒěĺƞŅĔĶŃĭĺĬĔŅĶĨĶĺěĺŇŏėĶŅŃľƢĴňĔŅĶėĺĭėŋĴėŋĦĳŅıŏĮƦĬŀĵƞŅĚħňȮ
ŒľƟįĸĔŅĶĨĶĺěĺŇŏėĶŅŃľƢĪňŗĩŌĔĨƟŀĚȮĬƞŅŏĝŊŗŀĩŊŀȮŏĪŀĶƢőĴĴŇŏĨŀĶƢĪňŗŒĝƟĚŅĬŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶȮ
œħƟŐĔƞȮLiquid  in glass thermometerȮŐĸŃȮDigital thermometer with probe 

ŏėĶŊŗŀĚĴŊŀĺńħŀŋĦľĳŌĴŇŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶ 

Liquid  in glass thermometer 

ȮȮȮȮ    ŀŋĮĔĶĦƢĺńħĝĬŇħĬňŘĴňĕŀĚŏľĸĺĭĶĶěŋŀĵŌƞĳŅĵŒĬľĸŀħŐĔƟĺĮƕħȮőħĵĕŀĚŏľĸĺĪňŗŒĝƟĨƟŀĚœĴƞ
ŏĮĸňŗĵĬĽĩŅĬŃŒĬĽĳŅĺŃĔŅĶŒĝƟĚŅĬ  ĽƞĺĬĮĶŃĔŀĭĪňŗĽŜŅėńĠĕŀĚŏĪŀĶƢőĴĴŇŏĨŀĶƢŐĭĭĔĶŃŏĮŅŃ
ŐĔƟĺȮĮĶŃĔŀĭħƟĺĵ 

Å BulbȮėŊŀȮĽƞĺĬĔĶŃŏĮŅŃŐĔƟĺĪňŗĳŅĵŒĬ
ĭĶĶěŋĕŀĚŏľĸĺĪňŗĴňėĺŅĴœĺȮĨƞŀĔŅĶ
ŏĮĸňŗĵĬŐĮĸĚŀŋĦľĳŌĴŇȮĕŀĚŏľĸĺĪňŗĬŇĵĴ
ĭĶĶěŋĳŅĵŒĬĔĶŃŏĮŅŃŐĔƟĺȮœħƟŐĔƞȮĮĶŀĪ
ľĶŊŀŐŀĸĔŀŁŀĸƢȮőħĵŏĸŊŀĔŒĝƟĨŅĴĝƞĺĚ
ĔŅĶĺńħŀŋĦľĳŌĴŇȮĩƟŅĨƟŀĚĔŅĶĺńħŀŋĦľĳŌĴŇ
ŒĬĝƞĺĚĪňŗĴňėƞŅĨŗŜŅȮėĺĶŏĸŊŀĔŒĝƟŐŀĸĔŀŁŀĸƢ
ĭĶĶěŋĳŅĵŒĬľĸŀħŐĔƟĺȮŏĬŊŗŀĚěŅĔ
ŐŀĸĔŀŁŀĸƢĴňěŋħŏħŊŀħĨŗŜŅėŊŀȮ78.4 oCȮ 
ĽŅĴŅĶĩĺńħŀŋĦľĳŌĴŇœħƟĨńŘĚŐĨƞȮ-//3 oCȮĩŉĚȮ56 oCȮŐĸŃĴňĶŅėŅĩŌĔȮĽŜŅľĶńĭĔŅĶŒĝƟĚŅĬ
ŒĬĝƞĺĚĪňŗĴňŀŋĦľĳŌĴŇĽŌĚėĺĶŏĸŊŀĔŒĝƟĮĶŀĪȮŏıĶŅŃĮĶŀĪĴňěŋħŏħŊŀħĽŌĚĩŉĚȮ134,5ȮoCȮȮ
ĽŅĴŅĶĩĺńħŀŋĦľĳŌĴŇœħƟĨńŘĚŐĨƞȮ-15 oCȮĩŉĚȮ134 oCȮĩƟŅŒĝƟĺńħŀŋĦľĳŌĴŇĪňŗĽŌĚĔĺƞŅěŋħŏħŊŀħ
ĕŀĚŐŀĸĔŀŁŀĸƢĪŜŅŒľƟŏĔŇħĔŅĶŏĮĸňŗĵĬĽĩŅĬŃěŅĔĕŀĚŏľĸĺĔĸŅĵŏĮƦĬœŀȮ ĪŜŅŒľƟ
ŏėĶŊŗŀĚĴŊŀĺńħŏĔŇħėĺŅĴŏĽňĵľŅĵ 
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ĪňŗĴŅȮ: https://www.middleschoolchemistry.com 



Liquid  in Glass Thermometer 

Å Stem ėŊŀȮĔƟŅĬŐĪƞĚŐĔƟĺȮĳŅĵŒĬŏĮƦĬĪƞŀŏĸŖĔȮŕȮ&Capillary) ŒľƟĕŀĚŏľĸĺ
ĕĵŅĵĨńĺĺŇŗĚŏĕƟŅœĮŏĴŊŗŀœħƟĶńĭŀŋĦľĳŌĴŇȮ 

o Solid-stem ȮĮĶŃĔŀĭħƟĺĵľĸŀħŐĔƟĺĪňŗĴňįĬńĚŕȮĞŉŗĚĽŅĴŅĶĩŀƞŅĬėƞŅ
ŀŋĦľĳŌĴŇœħƟěŅĔĽŏĔĸĪňŗĮĶŃĪńĭŀĵŌƞĭĬĔƟŅĬőħĵĨĶĚ 

Å Scale ėŊŀȮĕňħŐĽħĚŀŋĦľĳŌĴŇĪňŗĨŇħŀĵŌƞĭĬȮStem ĭŀĔėƞŅŀŋĦľĳŌĴŇȮőħĵħŌěŅĔ
ĶŃħńĭĕŀĚŏľĸĺŒĬȮ 

o Capillary enclose scale ĴňĸńĔļĦŃŏĮƦĬľĸŀħŐĔƟĺĞŉŗĚĳŅĵŒĬĭĶĶěŋ
ŐįƞĬĽŏĔĸȮĪňŗĩŌĔĨŇħĪƞŀĪŅĚŏħŇĬĕŀĚĸŜŅĮĶŀĪœĺƟȮĴňőėĶĚĽĶƟŅĚ
ĮĶŃĔŀĭħƟĺĵȮĽŏĔĸĞŉŗĚıŇĴıƢŀĵŌƞĭĬŐįƞĬŐĵĔĨƞŅĚľŅĔȮŐĸŃĪƞŀĪŅĚŏħŇĬ
ĕŀĚĕŀĚŏľĸĺĪňŗŀĵŌƞŏľĬŊŀŐįƞĬĽŏĔĸȮĝƞĺĵĸħėĺŅĴįŇħıĸŅħěŅĔĴŋĴ
ŏľĸŊŗŀĴĕŀĚĔŅĶŀƞŅĬȮŏĬŊŗŀĚěŅĔĮĶŀĪŀĵŌƞŒĔĸƟĔńĭĽŏĔĸȮĩƟŅŏĔŇħĔŅĶ
ŐĨĔĶƟŅĺįĸĔŅĶŀƞŅĬěŃĴňėƞŅįŇħıĸŅħœĮĪńĬĪň 

Å Contraction chamber ŏĮƦĬĽƞĺĬĕĵŅĵĔĺƟŅĚŒĬȮCapillary ĴňœĺƟĮƚŀĚĔńĬœĴƞŒľƟ
ĕŀĚŏľĸĺľħĨńĺŏĕƟŅœĮȮŒĬĔĶŃŏĮŅŃŏĴŊŗŀĺńħŀŋĦľĳŌĴŇĨŗŜŅŏĔŇĬœĮȮ&ĭŅĚĨńĺœĴƞĴň' 

Å Expansion chamber ŏĮƦĬĽƞĺĬĕĵŅĵĔĺƟŅĚŒĬȮCapillary ħƟŅĬĭĬĽŋħĕŀĚ
ŏĪŀĶƢőĴĴŇŏĨŀĶƢȮĴňœĺƟĮƚŀĚĔńĬœĴƞŒľƟŏĪŀĶƢőĴĴŇŏĨŀĶƢŐĨĔȮŏĴŊŗŀĺńħŀŋĦľĳŌĴŇĽŌĚŏĔŇĬœĮ 

Å Immersion ring ĴňŏĜıŅŃŏĪŀĶƢőĴĴŇŏĨŀĶƢŐĭĭȮPartial immersion 
thermometer ŏĮƦĬĕňħĭŀĔŏıŊŗŀŒľƟěŋƞĴŏĪŀĶƢőĴĴŇŏĨŀĶƢěĬįŇĺĕŀĚŏľĸĺŀĵŌƞĪňŗĕňħĬňŘȮ
ŏıŊŗŀĺńħŀŋĦľĳŌĴŇĕŀĚĕŀĚŏľĸĺ 
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       Liquid  in glass thermometerȮȮŐĭƞĚĮĶŃŏĳĪĨŅĴĔŅĶěŋƞĴŏıŊŗŀŒĝƟĺńħŀŋĦľĳŌĴŇĕŀĚ
ĕŀĚŏľĸĺȮĴňȮ3 Őĭĭ ėŊŀ 

1. Partial immersion thermometer (ěŋƞĴŐĝƞĭŅĚĽƞĺĬŐĭĭıŇŏĻļ) ĨƟŀĚěŋƞĴ
ŏĪŀĶƢőĴĴŇŏĨŀĶƢĸĚŒĬĕŀĚŏľĸĺěĬĶŃħńĭįŇĺĕŀĚĕŀĚŏľĸĺĩŉĚĕňħȮImmersion ring Īňŗ
ĔŜŅľĬħœĺƟȮŏĪŀĶƢőĴĴŇŏĨŀĶƢĝĬŇħĬňŘŏĮƦĬŐĭĭĪňŗĴňȮAccuracy ĬƟŀĵĪňŗĽŋħȮŏıĶŅŃŀŋĦľĳŌĴŇ
ĕŀĚȮStem ĽƞĺĬĪňŗŀĵŌƞĭĬŀŅĔŅĻĽƞĚįĸĔĶŃĪĭĨƞŀĔŅĶĺńħȮħńĚĬńŘĬěŉĚĨƟŀĚėĺĭėŋĴ
ŀŋĦľĳŌĴŇȮĳŅĵŒĬľƟŀĚȮľĶŊŀĽĩŅĬĪňŗĪňŗĪŜŅĔŅĶĺńħħƟĺĵȮ 

3. Complete immersion thermometer (ěŋƞĴĪńŘĚľĴħ) ĔĶŃŏĮŅŃĔńĭĔƟŅĬ
ĸŜŅĩŌĔěŋƞĴĴŇħľĴħĪňŗŀŋĦľĳŌĴŇŏħňĵĺĔńĬȮŏĪŀĶƢőĴĴŇŏĨŀĶƢŐĭĭĬňŘĽŅĴŅĶĩŒĝƟĺńħ
ŀŋĦľĳŌĴŇĕŀĚŀŅĔŅĻœħƟȮŏıĶŅŃĩŊŀĺƞŅŏĪŀĶƢőĴĴŇŏĨŀĶƢĬňŘěŋƞĴĪńŘĚĨńĺŀĵŌƞŒĬŀŅĔŅĻȮŏĝƞĬȮ
ŏĪŀĶƢőĴĴŇŏĨŀĶƢŐĭĭȮMax-Min 

(ěŋƞĴŐĝƞĭŅĚĽƞĺĬ)Ȯ 
ĕŀĚŏľĸĺĪńŘĚľĴħŒĬĔĶŃŏĮŅŃŀĵŌƞĪňŗ
ŀŋĦľĳŌĴŇĪňŗŐĽħĚėƞŅŐĸƟĺŒľƟĭŅĚĽƞĺĬĕŀĚ
ĮĶŀĪŀĵŌƞȮĦȮěŋħŐĽħĚėƞŅȮŏıŊŗŀŒľƟĪŜŅ
ĔŅĶŀƞŅĬėƞŅħƟĺĵĽŅĵĨŅœħƟŒĬĕĦŃŒĝƟ
ĚŅĬĬńŘĬȮŕȮħńĚĬńŘĬěŉĚœĴƞěŜŅŏĮƦĬĪňŗěŃĨƟŀĚ
ėĺĭėŋĴŀŋĦľĳŌĴŇľƟŀĚľĶŊŀĽĩŅĬĪňŗĪňŗĪŜŅ
ĔŅĶĺńħ 

2. Total immersion thermometer 

Liquid  in Glass Thermometer 
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ĺŇīňĔŅĶŀƞŅĬėƞŅ 
ȮȮȮȮĔŅĶŀƞŅĬŏĪŀĶƢőĴĴŇŏĨŀĶƢĨƟŀĚŒľƟĶŃħńĭĕŀĚĕŀĚŏľĸĺŒĬľĸŀħŐĔƟĺŀĵŌƞŒĬĶŃħńĭĽŅĵĨŅȮ
ĩƟŅŏĮƦĬŏĪŀĶƢőĴĴŇŏĨŀĶƢĝĬŇħĭĶĶěŋħƟĺĵĮĶŀĪȮŒľƟŀƞŅĬĨńĺŏĸĕĭĶŇŏĺĦģŅĬĕŀĚĽƞĺĬĭĬĽŋħȮ
ĽƞĺĬŏĪŀĶƢőĴĴŇŏĨŀĶƢĝĬŇħŐŀĸĔŀŁŀĸƢȮŒľƟŀƞŅĬĨńĺŏĸĕĭĶŇŏĺĦĽƞĺĬĪňŗĨŗŜŅĽŋħ 

ĕĬŅħĕŀĚėĺŅĴįŇħıĸŅħĕŉŘĬŀĵŌƞĔńĭĴŋĴ
ĔŅĶŀƞŅĬĶŃľĺƞŅĚĽƞĺĬĮĔĨŇŐĸŃĽƞĺĬĪňŗ
ŀƞŅĬįŇħıĸŅħœĮȮȮőħĵĔŅĶŐĭƞĚŏĶŇŗĴ
ĨńŘĚŐĨƞĕňħŐĭƞĚĸŃŏŀňĵħœĮěĬĩŉĚĪƞŀŐėĭ 

ȮȮȮĨŅĴĴŅĨĶģŅĬȮAmerican society for 
testing materials : AFTM) ĽŏĔĸľĸńĔěŃ
ŀĵŌƞĭĬĔƟŅĬŐĔƟĺȮ&Stem) ĞŉŗĚĴňėĺŅĴľĬŅ
ĴŅĔĔĺƞŅȮ6 ĴŇĸĸŇŏĴĨĶȮŐĨƞĴňĕƟŀŏĽňĵėŊŀȮĔŅĶ
ŀƞŅĬĴńĔŏĔŇħėĺŅĴįŇħıĸŅħȮŏĬŊŗŀĚěŅĔĴŋĴ
ŏľĸŊŗŀĴĕŀĚĔŅĶŀƞŅĬȮ(Parallax error) 
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ȮȮȮȮȮȮĮĶŃĔŀĭħƟĺĵȮľńĺĺńħŀŋĦľĳŌĴŇȮ(Temperature sensor) ŐĸŃĨńĺŀƞŅĬėƞŅȮ(Read out) 
őħĵĽńĠĠŅĦĪňŗœħƟĶńĭěŅĔľńĺĺńħŀŋĦľĳŌĴŇĪňŗȮěŃĨƟŀĚĴňĔŅĶŏĮĸňŗĵĬĽńĠĠŅĦ Analog ěŅĔĨńĺ
ĨĶĺěěńĭȮŒľƟŏĮƦĬĽńĠĠŅĦħŇěŇĨŀĸȮ(Conversion function) őħĵŒĝƟĺĚěĶĪňŗŏĶňĵĔĺƞŅȮĺĚěĶȮ
Analog to digital converter (A-DȮConverter)ȮŏıŊŗŀĽƞĚœĮĵńĚĽƞĺĬĮĶŃĴĺĸįĸȮŐĸŃ
ŐĽħĚėƞŅŀŀĔĴŅŏĮƦĬĨńĺŏĸĕȮ(Display)  

Digital thermometer with probe 

ȮľńĺĺńħŀŋĦľĳŌĴŇ Digital thermometer with probeȮŐĭƞĚŏĮƦĬȮ4 ĮĶŃŏĳĪȮ 
Å Platinum resistance thermometer (PRT) ĴňŐĭĭ 4 ĽŅĵȮOutput 
ŏĮƦĬėĺŅĴĨƟŅĬĪŅĬȮŐĸŃěŃŐĮĶįńĬĨĶĚĔńĭŀŋĦľĳŌĴŇ 

Å Resistance temperature detector (RTD) probe ȮĴňŐĭĭȮ3 ĽŅĵȮ
ŐĸŃȮ2 ĽŅĵȮOutput ŏĮƦĬėĺŅĴĨƟŅĬĪŅĬȮŐĸŃěŃŐĮĶįńĬĨĶĚĔńĭŀŋĦľĳŌĴŇ 

Å Thermistor ĴňŐĭĭȮ4 ĽŅĵȮ Output ŏĮƦĬėĺŅĴĨƟŅĬĪŅĬȮŐĸŃěŃ
ŐĮĶįĔįńĬĔńĭŀŋĦľĳŌĴŇ 

Å TC Probe ŒľƟ Output ŏĮƦĬŐĶĚħńĬœĲĲƚŅȮŐĸŃěŃŐĮĶįńĬĨĶĚĔńĭŀŋĦľĳŌĴŇȮ
ĴňľĸŅĵĝĬŇħȮŏĝƞĬȮType K, J, T, R ŐĸŃ S 
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ȮȮȮȮȮȮȮȮȮȮȮȮŒĬĔŅĶŒĝƟĚŅĬŏėĶŊŗŀĚĴŊŀĺŇĪĵŅĻŅĽĨĶƢȮĬŀĔěŅĔĨƟŀĚĻŉĔļŅėŌƞĴŊŀȮĺŇīňĔŅĶŒĝƟ
ŏėĶŊŗŀĚŏıŊŗŀŒľƟŒĝƟĚŅĬœħƟĩŌĔĨƟŀĚĨŅĴĺńĨĩŋĮĶŃĽĚėƢŐĸƟĺȮįŌƟŒĝƟĚŅĬĨƟŀĚħŌŐĸĭŜŅĶŋĚĶńĔļŅ
ŏėĶŊŗŀĚĴŊŀŀĵƞŅĚĽĴŗŜŅŏĽĴŀȮŏĝƞĬȮĔŅĶĨĶĺěĽŀĭĔŅĶŒĝƟĚŅĬĮĶŃěŜŅĺńĬȮĔŅĶĪŜŅėĺŅĴ
ĽŃŀŅħŏėĶŊŗŀĚĴŊŀľĸńĚĔŅĶŒĝƟĚŅĬȮĔŅĶĭńĬĪŉĔĔŅĶŒĝƟĚŅĬȮŏĮƦĬĨƟĬȮĞŉŗĚĨŅĴĶŃĭĭėŋĦĳŅı
ľƟŀĚĮĢŇĭńĨŇĔŅĶĴŅĨĶģŅĬȮISO15189 ŏĬƟĬŒĬŏĶŊŗŀĚĔŅĶĽŀĭŏĪňĵĭŏėĶŊŗŀĚĴŊŀȮŏĬŊŗŀĚěŅĔ
ŏĮƦĬĽƞĺĬĽŜŅėńĠĝƞĺĵŒľƟįĸĔŅĶĨĶĺěĺŇŏėĶŅŃľƢĴňėĺŅĴĩŌĔĨƟŀĚŏĝŊŗŀĩŊŀœħƟ 

ĔŅĶĽŀĭŏĪňĵĭŏėĶŊŗŀĚĴŊŀĽŜŅėńĠŀĵƞŅĚœĶ 
1. ŏıŊŗŀŒľƟĴńŗĬŒěĺƞŅŏėĶŊŗŀĚĴŊŀĺŇĪĵŅĻŅĽĨĶƢȮ-ȮŏėĶŊŗŀĚĴŊŀĺńħȮĴň
ėĺŅĴĩŌĔĨƟŀĚȮŐĴƞĬĵŜŅȮŏľĴŅŃĽĴĔńĭĔŅĶĮĢŇĭńĨŇĚŅĬ 

2. įĸĔŅĶĽŀĭŏĪňĵĭȮŏĴŊŗŀĬŜŅĴŅĺŇŏėĶŅŃľƢȮĪŜŅŒľƟĔŜŅľĬħœħƟĺƞŅėĺĶ
ŒĝƟŏėĶŊŗŀĚĴŊŀĬńŘĬĨƞŀľĶŊŀœĴƞȮěŜŅŏĮƦĬĨƟŀĚĮĶńĭĨńŘĚėƞŅȮľĶŊŀŒĝƟėƞŅŐĔƟ 

ĔŅĶĽŀĭŏĪňĵĭŏėĶŊŗŀĚĴŊŀ 

ľĸńĔĔŅĶĽŀĭŏĪňĵĭŏĭŊŘŀĚĨƟĬȮ 

ȮȮȮȮȮȮȮȮĔŅĶĽŀĭŏĪňĵĭ (Calibration)  ľĴŅĵĩŉĚȮĔŅĶľŅėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚ
ĮĶŇĴŅĦĪňŗĩŌĔĺńħȮ&ŏėĶŊŗŀĚĴŊŀĪňŗĨƟŀĚĔŅĶĽŀĭŏĪňĵĭ,ȮUnit under calibration 
;UUC) Ȯ ĔńĭėƞŅĴŅĨĶģŅĬĪňŗĽĴĬńĵȮ(ŏėĶŊŗŀĚĴŊŀĴŅĨĶģŅĬ,ȮStandard ; STD)ȮĳŅĵŒĨƟ
ŏĚŊŗŀĬœĕĪňŗĔŜŅľĬħœĺƟȮőħĵŏėĶŊŗŀĚĴŊŀĺńħĽŅĴŅĶĩŏĝŊŗŀĴėĺŅĴĽńĴıńĬīƢĔńĭĶŃĭĭĺńħ 
(Measurement system)ȮœħƟȮŐĸŃįĸĕŀĚĔŅĶĺńħĪňŗœħƟĴŅıĶƟŀĴĔńĭėƞŅėĺŅĴœĴƞ
ŐĬƞĬŀĬĕŀĚĔŅĶĺńħȮ(Uncertainty of measurement)  

E r r o rȮȮ      =   ů C o r r e c t i o nȮ    ľĶŊŀ 
C o r r e c t i o nȮȮ=   ůȮE r r o r 
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ȮȮȮȮȮĶŅĵĚŅĬįĸĔŅĶĽŀĭŏĪňĵĭȮěŅĔľĬƞĺĵĚŅĬ 
ĪňŗœħƟĶńĭĔŅĶĶńĭĶŀĚĨŅĴĴŅĨĶģŅĬ ISO17025  
ĮĶŃĔŀĭħƟĺĵėƞŅȮUUCȮĦȮěŋħŒĝƟĚŅĬȮŐĸŃėƞŅȮ 
STDȮĶĺĴĪńŘĚėƞŅėĺŅĴœĴƞŐĬƞĬŀĬȮŏıŊŗŀŏĮƦĬĕƟŀĴŌĸ 
ŒľƟįŌƟŒĝƟĚŅĬĮĶŃŏĴŇĬįĸĔŅĶĽŀĭŏĪňĵĭŏėĶŊŗŀĚĴŊŀȮľĶŊŀĬŜŅœĮŒĝƟĮĶńĭĨńŘĚėƞŅŏėĶŊŗŀĚĴŊŀȮěŅĔėƞŅȮ
Accuracy, ėƞŅȮError , ėƞŅȮCorrection ȮĨŅĴėĺŅĴŏľĴŅŃĽĴĕŀĚŐĨƞĸŃľƟŀĚĮĢŇĭńĨŇĔŅĶ 

Å ėĺŅĴŏĪňŗĵĚĨĶĚ (Precision) 
ėĺŅĴŏĪňŗĵĚĨĶĚŏĮƦĬėƞŅĪňŗŐĽħĚĩŉĚėĺŅĴĽŅĴŅĶĩĕŀĚŏėĶŊŗŀĚĴŊŀĺńħŒĬĔŅĶŐĽħĚėƞŅŏħŇĴŏĴŊŗŀĪŜŅ
ĔŅĶĺńħľĸŅĵȮŕȮėĶńŘĚȮľĶŊŀėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŐĽħĚėƞŅĞŘŜŅȮĕŀĚŏėĶŊŗŀĚĴŊŀĺńħĳŅĵŒĨƟŏĚŊŗŀĬœĕ
ĔŅĶĺńħŐĭĭŏħŇĴȮ 

ėŜŅĻńıĪƢĨƞŅĚȮŕȮŒĬĔŅĶĽŀĭŏĪňĵĭȮ 

Å ėĺŅĴĩŌĔĨƟŀĚȮľĶŊŀȮėĺŅĴŐĴƞĬĵŜŅ 
&Accuracy) ŏĮƦĬėƞŅĪňŗĭƞĚĭŀĔĩŉĚ
ėĺŅĴĽŅĴŅĶĩĕŀĚŏėĶŊŗŀĚĴŊŀĺńħȮŒĬĔŅĶ
ŀƞŅĬėƞŅľĶŊŀŐĽħĚėƞŅĪňŗĺńħœħƟŏĕƟŅŒĔĸƟėƞŅ
ěĶŇĚȮ  

ȮȮėĺŅĴĽńĴıńĬīƢĕŀĚįĸĔŅĶĺńħěŃŐĽħĚŒĬĶŌĮĕŀĚėƞŅȮError ľĶŊŀ Correction 
ȮȮȮȮȮȮȮȮȮėƞŅėĺŅĴįŇħıĸŅħȮ(Error)Ȯ= įĸĔŅĶĺńħĪňŗœħƟěŅĔ UUC ů įĸĔŅĶĺńħĪňŗȮœħƟěŅĔ STD 
ȮȮȮȮȮȮȮȮȮėƞŅŐĔƟȮ&Correction'Ȯ     Ȯ= įĸĔŅĶĺńħĪňŗœħƟěŅĔ STD ů įĸĔŅĶĺńħĪňŗœħƟěŅĔ UUC 

1 ]B6D 

ĔŅĶĽŀĭŏĪňĵĭŏėĶŊŗŀĚĴŊŀ 

įĸĽŀĭŏĪňĵĭȮĭŀĔŀŃœĶŏĶŅĭƟŅĚ =Ȯ 

ȮȮȮȮȮȮȮȮȮȮȮĔŅĶĽŀĭŏĪňĵĭŏĮƦĬĔŅĶĪħĽŀĭėĺŅĴėĸŅħŏėĸŊŗŀĬĕŀĚŏėĶŊŗŀĚĴŊŀěŅĔėƞŅ
ĴŅĨĶģŅĬȮőħĵĔŅĶĬŜŅėƞŅĔŅĶĺńħĕŀĚŏėĶŊŗŀĚĴŊŀĪňŗŏĶŅŒĝƟĚŅĬȮĦȮěŋħĨƞŅĚŕȮœĮ
ŏĮĶňĵĭŏĪňĵĭĔńĭėƞŅĔŅĶĺńħĕŀĚĴŅĨĶģŅĬȮĞŉŗĚőħĵĪńŗĺœĮĔŜŅľĬħĽŀĭŏĪňĵĭĮƖĸŃȮ/ȮėĶńŘĚȮ
ľĶŊŀĔŜŅľĬħĨŅĴĴŅĨĶģŅĬĪňŗĔŜŅľĬħœĺƟ 
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ȮȮȮȮȮ      ĔŅĶĔĶŃěŅĵĕŀĚĕƟŀĴŌĸȮĪŜŅŒľƟĪĶŅĭĺƞŅĕƟŀĴŌĸĴňėĺŅĴŐĨĔĨƞŅĚĔńĬĴŅĔĬƟŀĵŐėƞ
œľĬȮěŃħňĩƟŅėƞŅĔŅĶĔĶŃěŅĵĴňėƞŅŐėĭŕ 

Å ėƞŅėĺŅĴįŇħıĸŅħ (Error of measurement) ľĶŊŀėĺŅĴėĸŅħŏėĸŊŗŀĬ
ěŅĔėƞŅĴŅĨĶģŅĬȮľĶŊŀėƞŅŀƟŅĚŀŇĚȮœħƟĴŅěŅĔȮėƞŅĕŀĚĔŅĶĺńħĪňŗŏėĶŊŗŀĚĴŊŀĺńħ
ŀƞŅĬœħƟȮľĶŊŀįĸĔŅĶĺńħĪňŗœħƟěŅĔȮUUCȮů įĸĔŅĶĺńħĪňŗœħƟěŅĔȮSTD Ȯ&ėƞŅěĶŇĚ
ĴŅĨĶģŅĬĕŀĚĮĶŇĴŅĦĬńŘĬ' 

  ErrorȮ= UUCȮ-ȮSTD 

ėĺŅĴįŇħıĸŅħ-ėĺŅĴėĸŅħŏėĸŊŗŀĬĕŀĚĔŅĶĺńħȮĴňĽŅŏľĨŋěŅĔ 

ȮȮȮȮ/,ȮėĺŅĴėĸŅħŏėĸŊŗŀĬŏĝŇĚĶŃĭĭȮ&Systematic error' ėŊŀėƞŅėĺŅĴįŇħıĸŅħĪňŗ
ŏĔŇħĕŉŘĬŒĬĝŋħěŜŅĬĺĬĕŀĚĔŅĶĺńħȮŏĴŊŗŀĪŜŅĔŅĶĺńħĮĶŇĴŅĦŏħňĵĺĔńĬĞŘŜŅŕȮŏĮƦĬėĺŅĴ
įŇħıĸŅħĪňŗŐĮĶįńĬœĮŒĬĪŇĻĪŅĚĪňŗėŅħėŃŏĬœħƟŏĮƦĬĶŃĭĭĪňŗŐĬƞĬŀĬȮŏĝƞĬȮ
ėĺŅĴėĸŅħŏėĸŊŗŀĬĪňŗŏĔŇħěŅĔĶŃĭĭĳŅĵŒĬĕŀĚŏėĶŊŗŀĚĴŊŀĺńħȮėĺŅĴėĸŅħŏėĸŊŗŀĬ
ěŅĔĽŇŗĚŐĺħĸƟŀĴ 
ȮȮȮȮ0,ȮėĺŅĴėĸŅħŏėĸŊŗŀĬŐĭĭĽŋƞĴȮľĶŊŀȮėĺŅĴėĸŅħŏėĸŊŗŀĬœĶƟĶŃĭĭȮ&Random 
error) ėŊŀėƞŅėĺŅĴįŇħıĸŅħĪňŗĴňėƞŅŐĨĔĨƞŅĚĔńĬŏĴŊŗŀĪŜŅĔŅĶĺńħĮĶŇĴŅĦŏħňĵĺĔńĬĞŘŜŅŕȮ
ŏĮƦĬėĺŅĴįŇħıĸŅħĪňŗœĴƞŐĬƞĬŀĬĺƞŅĴňĽŅŏľĨŋŏĔŇħĴŅěŅĔŀŃœĶ 
 

ĔŅĶĽŀĭŏĪňĵĭŏėĶŊŗŀĚĴŊŀ 
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Å ėƞŅĮĶńĭŐĔƟȮ(Correction) ėŊŀȮėƞŅĝħŏĝĵĽŜŅľĶńĭėĺŅĴįŇħıĸŅħŏĝŇĚĶŃĭĭȮĬńŗĬ
ėŊŀȮŏĮƦĬėƞŅŏħňĵĺĔńĭėƞŅȮError ŐĨƞĴňŏėĶŊŗŀĚľĴŅĵĨĶĚĕƟŅĴ 

UUC 
(oC) 

STD 
(oC) 

Error 
(oC) 

Correction 
(oC) 

Uncertainty 
(oC) 

37.1 37.0 0.1 -.,/ +0.02 

ü ŏĴŊŗŀĬŜŅŏėĶŊŗŀĚĴŊŀĬňŘœĮŒĝƟĚŅĬȮŏĝƞĬȮŀƞŅĬėƞŅŀŋĦľĳŌĴŇľĬƟŅĨŌƟŀĭŏıŅŃŏĝŊŘŀ
œħƟȮ37.1 oC įŌƟŒĝƟĚŅĬĨƟŀĚĬŜŅėƞŅŐĔƟȮ(-0.1 oC) œĮĭĺĔĔńĭŀŋĦľĳŌĴŇĪňŗ
ŀƞŅĬœħƟȮħńĚĬńŘĬȮŀŋĦľĳŌĴŇŐĪƟěĶŇĚĕŀĚĨŌƟŀĭŏıŅŃŏĝŊŘŀėŊŀȮ37.0 oC 

Å ėƞŅėĺŅĴœĴƞŐĬƞĬŀĬĕŀĚĔŅĶĺńħȮ&UncertaintyȮof measurement' ľĴŅĵĩŉĚȮ
ĽŇŗĚĪňŗĭŀĔėĺŅĴœĴƞĽĴĭŌĶĦƢěŅĔĮƤěěńĵĨƞŅĚŕŒĬĔŅĶĺńħȮŏĔŇħĕŉŘĬěŅĔľĸŅĵĽŅŏľĨŋȮŏĝƞĬȮ
ĺŇīňĔŅĶĺńħȮŏėĶŊŗŀĚĴŊŀĺńħȮįŌƟĮĢŇĭńĨŇĔŅĶȮŐĸŃĽĳŅĺŃŐĺħĸƟŀĴŒĬĔŅĶĺńħȮŏĮƦĬĨƟĬȮĽŇŗĚĪňŗ
ĭŀĔėĺŅĴœĴƞĽĴĭŌĶĦƢĨƞŅĚŕȮĪŜŅŒľƟįŌƟĽŀĭŏĪňĵĭœĴƞĽŅĴŅĶĩŐěƟĚėƞŅĪňŗŏĮƦĬěĶŇĚœħƟ
ŐĬƞĬŀĬĝńħŏěĬȮħńĚĬńŘĬěŉĚŐěƟĚĕĬŅħėĺŅĴœĴƞĽĴĭŌĶĦƢȮħńĚĔĸƞŅĺœĺƟŒĬĶŌĮĕŀĚȮŴėĺŅĴ
œĴƞŐĬƞĬŀĬĕŀĚĔŅĶĺńħŵ 

ü ėĺŅĴœĴƞŐĬƞĬŀĬĕŀĚĔŅĶĺńħȮěŃĩŌĔ
ĶŅĵĚŅĬĶƞĺĴĔńĭėƞŅėĺŅĴ
ėĸŅħŏėĸŊŗŀĬȮ&Error) ĕŀĚĔŅĶĺńħŒĬ
ŒĭĶŅĵĚŅĬįĸĔŅĶĽŀĭŏĪňĵĭŏıŊŗŀŒľƟ
ŏěƟŅĕŀĚŏėĶŊŗŀĚĬŜŅœĮıŇěŅĶĦŅ
ĮĶŃŏĴŇĬįĸĔŅĶĽŀĭŏĪňĵĭĶƞĺĴĔńĭ
ŏĔĦĤƢĪňŗĵŀĴĶńĭœħƟĺƞŅįƞŅĬľĶŊŀœĴƞ 

ĨńĺŀĵƞŅĚĔŅĶĬŜŅėƞŅŐĔƟœĮŒĝƟĚŅĬ 

ĔŅĶĽŀĭŏĪňĵĭŏėĶŊŗŀĚĴŊŀ 
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Å ŏĔĦĤƢĔŅĶĵŀĴĶńĭĕŀĚŏėĶŊŗŀĚĴŊŀȮȮ 

ȮȮȮȮȮȮȮȮȮȮėŊŀȮėƞŅĪňŗĔŜŅľĬħĕŉŘĬŏıŊŗŀėĺĭėŋĴľĶŊŀĪĺĬĽŀĭȮėĺŅĴŐĴƞĬĕŀĚįĸĔŅĶĺńħěŅĔ

ŏėĶŊŗŀĚĴŊŀĪħĽŀĭ-ĽŀĭŏĪňĵĭȮĺƞŅĵńĚĴňėĺŅĴĽŀħėĸƟŀĚĔńĭėĺŅĴĨƟŀĚĔŅĶľĶŊŀĴŅĨĶģŅĬĪňŗ

ŏĔňŗĵĺĕƟŀĚŀĵŌƞľĶŊŀœĴƞȮ 

ŐĬĺĪŅĚĔŜŅľĬħŏĔĦĤƢĔŅĶĵŀĴĶńĭ 

1. ĔŜŅľĬħĨŅĴėŌƞĴŊŀĕŀĚįŌƟįĸŇĨŏėĶŊŗŀĚĴŊŀĬńŘĬ 

2. ĔŜŅľĬħĨŅĴĴŅĨĶģŅĬĪňŗĬŜŅĴŅŒĝƟŒĬĔŅĶĪħĽŀĭȮŏĝƞĬȮISO, ASTM ł 

3. ĔŜŅľĬħĨŅĴėĺŅĴŏľĴŅŃĽĴĕŀĚĔŅĶŒĝƟĚŅĬ 

ĔŅĶĽŀĭŏĪňĵĭŏėĶŊŗŀĚĴŊŀ 
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ŏėĶŊŗŀĚĴŊŀĪňŗĨƟŀĚĽŀĭŏĪňĵĭ-ĪĺĬĽŀĭ 

Å ĴŅĨĶģŅĬĔŜŅľĬħœĺƟĨƟŀĚĽŀĭŏĪňĵĭ 
Å įĸĔŅĶĺńħĕŀĚŏėĶŊŗŀĚĴŊŀĬńŘĬĽƞĚįĸĔĶŃĪĭĨƞŀįĸĔŅĶĨĶĺěĺŇŏėĶŅŃľƢ 
Å ŒĝƟįĸĔŅĶĺńħĕŀĚŏėĶŊŗŀĚĴŊŀĬńŘĬȮŏıŊŗŀĮĶŃĔŀĭĔŅĶĨĶĺěĺŇŏėĶŅŃľƢ 

ėŜŅĻńıĪƢĨƞŅĚȮŕȮŒĬĔŅĶĽŀĭŏĪňĵĭȮ 



ľƟŀĚĮĢŇĭńĨŇĔŅĶĽŀĭŏĪňĵĭĪňŗėĺĶŏĸŊŀĔ 

Å ľƟŀĚĮĢŇĭńĨŇĔŅĶĽŀĭŏĪňĵĭĪňŗœħƟĔŅĶĶńĭĶŀĚĶŃĭĭĨŅĴĴŅĨĶģŅĬ ISO/IEC 17025 
Å ľƟŀĚĮĢŇĭńĨŇĔŅĶĽŀĭŏĪňĵĭĴňėĺŅĴĽŅĴŅĶĩĽŀħėĸƟŀĚĨŅĴėĺŅĴĨƟŀĚĔŅĶ 
Å ĺŇīňĔŅĶŏĸŊŀĔľƟŀĚĮĢŇĭńĨŇĔŅĶĽŀĭŏĪňĵĭĨƟŀĚŏĮƦĬœĮĨŅĴĬőĵĭŅĵĕŀĚĶŃĭĭėŋĦĳŅı 

ȮȮȮ/,ȮĔŅĶŏĸŊŀĔěŅĔėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŜŅŏĬŇĬĚŅĬ 
ȮȮȮȮȮȮȮȮȮȮȮȮœħƟĶńĭĔŅĶĶńĭĶŀĚľƟŀĚĮĢŇĭńĨŇĔŅĶĨŅĴĴŅĨĶģŅĬ ISO/IEC 17025 
            ĔĶĦňľƟŀĚĮĢŇĭńĨŇĔŅĶĽŀĭŏĪňĵĭœĴƞįƞŅĬĔŅĶĶńĭĶŀĚĶŃħńĭĴŅĨĶģŅĬĽŅĔĸȮŒľƟıŇěŅĶĦŅ
ĺńĽħŋŀƟŅĚŀŇĚĪňŗŒĝƟŒĬĔŅĶĽŀĭŏĪňĵĭĬńŘĬȮĨƟŀĚĴňŒĭĶńĭĶŀĚĪňŗĽŅĴŅĶĩĽŀĭĔĸńĭœħƟŒĬĶŃħńĭĴŅĨĶĺŇĪĵŅ
ĕŀĚĮĶŃŏĪĻ-ĴŅĨĶĺŇĪĵŅĶŃħńĭĝŅĨŇȮ 
 
ȮȮȮ0,ȮĔŅĶŏĸŊŀĔěŅĔėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĺńħ 
ȮȮȮȮȮȮȮȮȮȮȮőħĵıŇěŅĶĦŅȮĕňħėĺŅĴĽŅĴŅĶĩĕŀĚĔŅĶĽŀĭŏĪňĵĭŐĸŃĔŅĶĺńħȮ(Calibration and 
Measurement Capability : CMC) őħĵŏĸŊŀĔľĬƞĺĵĚŅĬĪňŗĴňȮCMC ĪňŗħňĪňĽŋħȮĞŉŗĚįŌƟĽƞĚĽŀĭŏĪňĵĭ
ĨƟŀĚĪĶŅĭŏĔĦĤƢĪňŗĵŀĴĶńĭœħƟĕŀĚŏėĶŊŗŀĚĴŊŀŐĨƞĸŃĝĬŇħĔƞŀĬĽƞĚĽŀĭŏĪňĵĭ 
ȮȮȮȮȮȮȮȮȮȮȮĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĺńħħňĔĺƞŅŏėĶŊŗŀĚĴŊŀĪňŗĽŀĭŏĪňĵĭœĴƞĬƟŀĵĔĺƞŅȮ2ȮŏĪƞŅ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ           TAR (Test accuracy ratio) > 4 ŏĪƞŅ 
           ĴňȮUncertainty ĕŀĚĔŅĶĺńħħňĔĺƞŅŏėĶŊŗŀĚĴŊŀĪňŗĽŀĭŏĪňĵĭœĴƞĬƟŀĵĔĺƞŅȮ2ȮŏĪƞŅ 
 ȮȮȮȮȮȮTUR (Test uncertainty ratio) > 4 ŏĪƞŅ 
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ĺŇīňŏĸŊŀĔľƟŀĚĮĢŇĭńĨŇĔŅĶĽŀĭŏĪňĵĭ 



Calibration lab 

Standard thermometer 

Under test 

Reference lab 

Internal lab 

Equipment 

TAR ľĶŊŀȮTUR > 4 ŏĪƞŅ 

TAR ľĶŊŀȮTUR > 4 ŏĪƞŅ  

ľƟŀĚĮĢŇĭńĨŇĔŅĶĽŀĭŏĪňĵĭĪňŗėĺĶŏĸŊŀĔ 

ĨńĺŀĵƞŅĚȮľƟŀĚĮĢŇĭńĨŇĔŅĶĽŀĭŏĪňĵĭĪňŗėĺĶŏĸŊŀĔ 

ľƟŀĚĮĢŇĭńĨŇĔŅĶĽŀĭŏĪňĵĭ 

ėƞŅėĺŅĴœĴƞŐĬƞĬŀĬ 

+ 0.025 oC 
+ 0.25 oC 
+ 0.5 oC 

įŌƟŒĝƟĚŅĬ 

ŏĔĦĤƢĔŅĶĵŀĴĶńĭ 

+ 0.1 oC 
+ 1.0 oC 
+ 2.0 oC 

TAR (Test accuracy ratio) ėŊŀȮĽńħĽƞĺĬėƞŅėĺŅĴĩŌĔĨƟŀĚĕŀĚŏėĶŊŗŀĚĴŊŀĴŅĨĶģŅĬ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮĨƞŀŏėĶŊŗŀĚĴŊŀĪňŗĬŜŅĴŅĽŀĭŏĪňĵĭ 
TUR (Test uncertainty ratio) ėŊŀȮĽńħĽƞĺĬėƞŅėĺŅĴœĴƞŐĬƞĬŀĬĕŀĚŏėĶŊŗŀĚĴŊŀĴŅĨĶģŅĬȮ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮĨƞŀŏėĶŊŗŀĚĴŊŀĪňŗĬŜŅĴŅĽŀĭŏĪňĵĭ 

ĔŅĶĽŀĭŏĪňĵĭŏėĶŊŗŀĚĴŊŀ 
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ĔŅĶĭĶŇľŅĶěńħĔŅĶŐĸŃĽŀĭŏĪňĵĭŏėĶŊŗŀĚĴŊŀĺńħŀŋĦľĳŌĴŇ 

ĔŅĶĭĶŇľŅĶěńħĔŅĶŏėĶŊŗŀĚĴŊŀĺńħŀŋĦľĳŌĴŇȮŏĝƞĬ 

Å ĔŅĶŏĸŊŀĔŐĸŃĞŊŘŀŏėĶŊŗŀĚĴŊŀĺńħŀŋĦľĳŌĴŇ 

Å ĔŅĶŏĸŊŀĔįŌƟŒľƟĭĶŇĔŅĶĽŀĭŏĪňĵĭ 

Å ĔŅĶěńħĪŜŅŐįĬĽŀĭŏĪňĵĭ-ĪŃŏĭňĵĬĮĶŃĺńĨŇ 

Å ĔŅĶĔŜŅľĬħĶŃĵŃŏĺĸŅĔŅĶĽŀĭŏĪňĵĭ-ȮĔŅĶĨĶĺěĽŀĭŏėĶŊŗŀĚĴŊŀ 

Å ĔŜŅľĬħěŋħĽŀĭŏĪňĵĭ 

Å ĨńŘĚŏĔĦĤƢĔŅĶĵŀĴĶńĭĕŀĚĔŅĶĺńħ 

Å ħŜŅŏĬŇĬĔŅĶĽŀĭŏĪňĵĭȮĨŅĴĔŜŅľĬħ 

Å ĔŅĶĪĺĬĽŀĭŒĭĶńĭĶŀĚįĸŐĸŃĮĶŃŏĴŇĬįĸĔŅĶĽŀĭŏĪňĵĭ 

Å ĔŅĶĨĶĺěĽŀĭŏėĶŊŗŀĚĴŊŀĺńħĶŃľĺƞŅĚĔŅĶŒĝƟĚŅĬȮĨŅĴĔŜŅľĬħ 

Å ĔŅĶĭŜŅĶŋĚĶńĔļŅŏėĶŊŗŀĚĴŊŀȮ 

ĪōŘŇŉşơĺơŘĿŢĪŉŝŪœĭŇŝœ:  ħŘŉŀŉŚőŘŉĮŗĺħŘŉŢĪŉŝŪœĭŇŝœōŗĺœŞĹőņşŇŚ 
ħŘŉĻŉōĮŐœŀŢĪŉŝŪœĭŇŝœōŗĺœŞĹőņşŇŚ Ťĺňťİơ I c e  p o i n t 20 



ȮȮȮȮȮŏĪŀĶƢőĴĴŇŏĨŀĶƢĶŃħńĭŒĝƟĚŅĬĪŋĔĮĶŃŏĳĪȮěŃœħƟĶńĭĔŅĶĽŀĭŏĪňĵĭľĶŊŀĪĺĬĽŀĭĔńĭ
ŏĪŀĶƢőĴĴŇŏĨŀĶƢĴŅĨĶģŅĬĕńŘĬŒĝƟĚŅĬȮ&Working standard'ȮȮŐĸŃĔŅĶĺńħŀŋĦľĳŌĴŇĨƟŀĚĴň
ėĺŅĴĽŅĴŅĶĩĽŀĭĔĸńĭœħƟœĮĵńĚľĬƞĺĵĺńħȮSI ĨŅĴĶŃħńĭĕńŘĬĴŅĨĶģŅĬȮĴŅĨĶģŅĬĪŋĨŇĵĳŌĴŇȮ
&Secondary standard'ȮŐĸŃȮĴŅĨĶģŅĬĮģĴĳŌĴŇȮ&Primary standard'Ȯ 
 
ėĺŅĴĽŅĴŅĶĩĽŀĭĔĸńĭœħƟȮ&Traceability'ȮľĴŅĵĩŉĚėŋĦĽĴĭńĨŇĕŀĚįĸĔŅĶĺńħĪňŗĽŅĴŅĶĩ
ľŅėĺŅĴĽńĴıńĬīƢĔńĭĴŅĨĶģŅĬŐľƞĚĝŅĨŇŀńĬŏĮƦĬĪňŗĵŀĴĶńĭȮőħĵĔŅĶŏĮĶňĵĭŏĪňĵĭŀĵƞŅĚ
ĨƞŀŏĬŊŗŀĚŏĮƦĬĸŌĔőĞƞȮŐĸŃĨƟŀĚĶŅĵĚŅĬėƞŅėĺŅĴœĴƞŐĬƞĬŀĬĕŀĚĔŅĶĺńħȮľĶŊŀŀňĔĬńĵľĬŉŗĚȮŏĮƦĬ
ĔĶŃĭĺĬĔŅĶĵƟŀĬĔĸńĭĕŀĚĔŅĶĽŀĭŏĪňĵĭȮěŅĔĴŅĨĶģŅĬĽŅĔĸȮĴŅĨĶģŅĬŐľƞĚĝŅĨŇěĬĩŉĚ
ŏėĶŊŗŀĚĴŊŀĕŀĚįŌƟŒĝƟĚŅĬ 

ĔŅĶĽŀĭŏĪňĵĭŏėĶŊŗŀĚĴŊŀĺńħŀŋĦľĳŌĴŇȮ 

ėĺŅĴĽŅĴŅĶĩĽŀĭĔĸńĭœħƟĕŀĚŏĪŀĶƢőĴĴŇŏĨŀĶƢĪńŘĚĽŀĚĝĬŇħ 
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ŀŋĮĔĶĦƢĪňŗŒĝƟŒĬĔŅĶĽŀĭŏĪňĵĭŀŋĦľĳŌĴŇȮ 
    1. Standard thermometer ĪŜŅľĬƟŅĪňŗŏĮƦĬėƞŅŀƟŅĚŀŇĚĴŅĨĶģŅĬĽŜŅľĶńĭĩƞŅĵĪŀħėƞŅ
ŒľƟĔńĭŏėĶŊŗŀĚĴŊŀĪňŗĨƟŀĚĔŅĶĽŀĭŏĪňĵĭȮĞŉŗĚĨƟŀĚĴňėĺŅĴĩŌĔĨƟŀĚħňĔĺƞŅŏėĶŊŗŀĚĴŊŀĺńħĪňŗĨƟŀĚĔŅĶ
ĽŀĭŏĪňĵĭœĴƞĬƟŀĵĔĺƞŅȮ4 ŏĪƞŅ 
    2. ŀƞŅĚėĺĭėŋĴŀŋĦľĳŌĴŇȮ(Liquid bath) ŏĮƦĬŀŋĮĔĶĦƢĽĶƟŅĚŀŋĦľĳŌĴŇĽŜŅľĶńĭĽŀĭŏĪňĵĭȮ
ĦȮěŋħĽŀĭŏĪňĵĭĪňŗĨƟŀĚĔŅĶȮĽŅĴŅĶĩĪŜŅŀŋĦľĳŌĴŇœħƟ +5 oC ĩŉĚ 90 oC ľĶŊŀľŅĔŏĮƦĬȮOil 
bath ŒĝƟ Silicone oil ŏĮƦĬĨńĺĔĸŅĚŒĬĔŅĶĽĶƟŅĚŀŋĦľĳŌĴŇȮĞŉŗĚėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĽĶƟŅĚ
ŀŋĦľĳŌĴŇěŃĕŉŘĬŀĵŌƞĔńĭĝĬŇħĕŀĚ Silicone oil ĪňŗĬŜŅĴŅŒĝƟ 
Ȯ     3. ŏėĶŊŗŀĚĴŊŀĺńħŀŋĦľĳŌĴŇĪňŗĨƟŀĚĔŅĶĽŀĭŏĪňĵĭȮ(UUC) ŏĝƞĬȮŏĪŀĶƢőĴĴŇŏĨŀĶƢŐĔƟĺ, 
Digital thermometer with probeȮŏĮƦĬĨƟĬ 

ĔŅĶĽŀĭŏĪňĵĭŏėĶŊŗŀĚĴŊŀĺńħŀŋĦľĳŌĴŇȮ 

Liquid bath 
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