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หล?�N���์!@!#�@%2ํ@ห#?&�@#2/&N#?"&Nค#AN/�!#/�2!##" @��@#R O">%  
2N/%#?N 2 : />$?�@#2/&N#?"&Nค#AN/�!#/�2!##" @��@#R O">%O&&%ํ@N2?"�(N@%/@�@0  

Q�O#N/!�?&หC��ั�%> /@�&%Q&หC 
 

1. �/&N�! 
 หล?�N���์!@�#�@���?��?Q /�>�@"�@��@#2/�N�?"�Nค#AP/��#/�2!##� @��@#R�O">�

O���O@N2?"��N@�/@�@0 Q�O#N/!�?�หC�ั���>�ค#/�Q�หC #@"ล>N/?"�N�AQ/ห@ค#/�คลB! �@#N�#?"!�@#2O@ห#?�
�@#2/�N�?"� �@#@!>N�/#์�?P�>2/�N�?"� �B�2/�N�?"� �?Q��/��@#2/�N�?"� �@#คO@�/��ล�@#2/�N�?"� 
�@#�#>N!>�คN@ค/@!R!NO�N�/��/��@#/?� (uncertainty of measurement) Q�#?�#/��@#2/�N�?"�  
�@#�/�2/�Oล>N���์�@#"/!#?� (acceptance limit) หล?�N���์!@�#�@���?��?Q!?�AQ��@�!@�@�
!@�#�@� IEC 60645-1:2017 

 
2. N/�2@#/O@�/>� 
 N/�2@#/O@�/>��N/R��?Q �>N�็���?��ั��B�?�Oล>N�็�2>P��O@N�็�2O@ห#?��@#�#>"B��์Q�O�?�

หล?�N���์!@�#�@��?Q 
ISO/IEC 17025 General requirements for the competence of testing and calibration 

laboratories 
JCGM 100 Evaluation of Measurement data � Guide to the Expression of Uncertainty in 

Measurement 
JCGM 200 International vocabulary of metrology � Basic and general concepts and

 associated terms (VIM) 
JCGM 200 �#>!/ล0?��์!@�#/>�"@#>ห/N@��#>N�0-O�/ค>��AQ��@�Oล>O�/ค>��?P/R� �#O/!คO@0?��์ 

 �?PN�AP/!2?!�?��์ (/?R/N/O!) 
ISO 80000-1 Quantities and units � Part 1: General 
IEC 60645-1 Electroacoustics � Audiometric equipment Part 1 : Equipment for pure-tone 

 audiometer  
IEC 60318-1 Electroacoustics � Simulators of human head and ear-Part 1 : Ear simulator 

 for the measurement of supra-aural and circumaural earphones 
ISO 389-1 Acoustics � Reference zero for the calibration of audiometric equipment �  

Part 1 : Reference equivalent threshold sound pressure levels for pure tones 
and supra-aural earphones 

ISO 389-4 Acoustics � Reference zero for the calibration of audiometric equipment �  
Part 4 : Reference levels for narrow-band masking noise 

IEC 61260-1 Electroacoustics � Octave-band and fractional-octave-band filters � Part 1 : 
 Specifications 

IEC 60942 Electroacoustics-Sound Calibrator 
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IEC 61094-4 Measurement microphones � Part 4: Specifications for working standard 
microphones 

 
3. %>"@!  
 3.1 #> ?&ค/@! ?%N2?"� (sound pressure level) 

  2?�2N/�N�>�ล/�@#>�@!�/�ค/@!�?�N2?"� (sound pressure) N�?"��?�ค/@!�?�N2?"�
�?PหC!�B1"์N#>P!R�O">� (threshold of hearing) !?คN@N�N@�?� 20 R!Pค#�@2ค?ล (ýPa) #>�?�ค/@!�?�N2?"�!?
ห�N/"N�็�N��>N�ล (dB)  

 3.2 #> ?&ค/@! ?%N2?"�/O@�/>�#?NหC!%B1"์N#>N!R O">% (reference equivalent 
threshold sound pressure level; RETSPL) 

  คN@�ล@��/�#>�?�ค/@!�?�N2?"��?PหC!�B1"์N#>P!R�O">�N�็�คN@�?PO2���?�N#>P!�/��@#R�O
">�Q�หCN�?"! (artificial ear) 2O@ห#?�หC�ั� (earphone) ��>��?P�O@ห��คN@ RETSPL �>O���N@��?�Q�O�Nล>
ค/@!�?P !?ห�N/"N�็�N��>N�ล (dB) 

3.3 #> ?&�@#R O">% (hearing level)  
 #>�?�ค/@!�?�N2?"��?PN�>��@�หC�ั�N�O@R�"?�หCN�?"!�?P�O@ห��ล��O/"คN@ RETSPL 

P�"#>�?��@#R�O">��>O���N@��?�Q�O�Nล>ค/@!�?P !?ห�N/"N�็�N��>N�ล#>�?��@#R�O">� (dBHL)    
3.4 #> ?&N2?"�ล/� (masking noise level) 
 #>�?�N2?"��?P�#>�/��O/"N2?"�หล@"ค/@!�?PQ��N/�Oค� (narrow band noise) 

#>�?�N2?"�ล/��>�C��N@"R�"?�หC�O@��?PR!NR�O�O@�@#�#/� P�"!?/?��B�#>2�ค์N�AP/�O/��?��@#R�O">�N2?"��O@!หC !?
ห�N/"N�็�N��>N�ล#>�?��@#R�O">� (dBHL)   

3.5 หCN#?"! (artificial ear) 
 /B��#�์�?PQ�O2O@ห#?�/?�#>�?�ค/@!�?�N2?"��?P�O@N�>�P�"หC�ั�Q�OคCN�?�R!Pค#P��  

หCN�?"!!? 2 ��>� คA/ />คC2�>�ค?�N�/#์ (acoustic coupler) Oล>หC�O@ล/� (ear simulator)  
3.6 หC�ั� (earphone)   
 �?/O�ล�2?ญญ@� (transducer) ��>��?PO�ล�2?ญญ@�O#��?�R��O@ (voltage) 

N�็�ค/@!�?�N2?"� หC�ั��?PQ�O2O@ห#?��#/��@#R�O">� O�N�//�N�็� 3 ��>� คA/ หC�ั���>�/@���Q�หC (supra-
aural earphone) หC �ั���>�ค#/�Q�หC  (circumaural earphone) Oล>หC �ั���>�Q2N Q��N/�หC  ( insert 
earphone) 

3.7 R!Pค#P�% (microphone) 
 �?/O�ล�2?ญญ@���>��?PO�ล�ค/@!�?�N2?"�N�็�2?ญญ@�R��O@ R!Pค#P���?PQ�O

2O@ห#?�2/�N�?"�Nค#AP/��#/�2!##� @��@#R�O">� N�็�R!Pค#P����>��?PQ�O2O@ห#?�2�@!N2?"�O��N�#2N�/#์ 
(pressure field) ��@�N2O��N@�0C�"์�ล@� 1/2 �>Q/ ห#A/��>� WS2P Oล>��@� 1 �>Q/ 2@!@#�Q�OR�O�?Q���>� 
WS1P Oล> ��>�  LS1P �?Q��?Q�@Q��?���>��/�หCN�?"!    

3.8 Nค#AN/�/>Nค#@>ห์2?ญญ@�N2?"� (sound analyzer) 
 Nค#AP/�/?�#>�?�N2?"� (sound level meter) ��>��?P!?�ั��์�?�/>Nค#@>ห์2?ญญ@�N2?"� 

N �N �  � # / � 2? ญญ @�ค / @ ! �?P N 2? " �  (band pass filter) /? � ค / @ ! �> � N �?Q " � # / ! � / � 2? ญญ @� 
 

0@#์!/�>� (total harmonic distortion) Oล>/?�ค/@!�?P (frequency)  
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4. �@#N!#?"!�@#2ํ@ห#?&�@#2/&N#?"& 
4.1 2 @/>O/ ลO/!Oล>N2"?"# @��/�/B�ห C!> 

/B�ห C!> (temperature)  : 15 ðC �@� 35 ðC 
ค/@!�AQ�2?!�?��์ (relative humidity) : 30 %RH �@� 90 %RH 
ค/@!�?��##"@�@0 (pressure)  : 98 kPa �@� 104 kPa 
#>�?�N2?"��AQ�หล?� (background noise)   :  �PO@�/N@#>�?�ค/@!�?�N2?"��?P�O@�@#/?�/"N@��O/" 15 dB 
ห!@"Nห�B    
- #>�?�N2?"��AQ�หล?� N�็��@#/?�N2?"� @"Q�หCN�?"! �O@�@#/?�หล?��>��?Q�หC�ั���หCN�?"!Oล>R!N!?�@#�N@"N2?"�

Q� N //��@�หC�ั� 
- Q��@##@"�@��ล�@#/?�ค/##>�B2 @/>O/�ลO/!��>�?P�O@�@#/?� 

4.2 �@#!#/�2/&N&AO/�!O% 
 4.2.1 2@"R�  (power cord) /"CNQ�2 @����> R!N!?2N/�Q��?�ห#A/�@� 
 4.2.2  �?/Nค#AP/� 

  - �BN!ค/�คB! 2@!@#��O@�@�R�O/"N@����> 
  - ห�O@�/O2���ล O2���ลR�O/"N@�2!�C#�์ 

 4.2.3 หC�ั� �O@"Oล>�/@ 
   - 2@"หC�ั�R!N�?��@� 
   - �ล?R�N2?"�หC�ั�N�O@�?/Nค#AP/� (earphone jack) /"CNQ�2 @����> 
   - �/��QO@หC�ั� (cushion earphone) R!N�?��@� 
   - �O@�ค@�0#?1> (headband)  /"CNQ�2 @��?P2@!@#�Q�O�@�R�O 
4.3 �@#!> !?O� 
 �>��?Q�/B��#�์Oล>�@#�#?�N�?"�Nค#AP/�/?�#>�?�N2?"� �@#�>��?Q�/B��#�์�?�O2��Q�

#C��?P 1 !?�?Q��/��?��N/R��?Q   
4.3.1 �N//B��#�์�"@"2?ญญ@�N�?Q/��O� (pre-amplifier) N�O@R�"?��@��/�หC

N�?"! Oล>2@"�N/R!Pค#P�� (extension microphone cable) �@�/B��#�์�"@"2?ญญ@�N�AQ/��O�R�"?�
Nค#AP/�/?�#>�?�N2?"� �?�O2���@! ñ  

4.3.2 �#>�/�R!Pค#P��R�"?��@��/�หCN�?"! �?�O2���@! ò 
4.3.3 �#?�N�?"�Nค#AP/�/?�#>�?�N2?"� P�"Q�ONค#AP/��O@N�>�2?ญญ@�N2?"� (sound 

calibrator) #BN��?P�CO�ล>��O@ห�� �?Q��/�Oล>/>�?�@#�#?�N�?"�Nค#AP/�/?�#>�?�N2?"�2@!@#��CR�O�@�คCN!A/�/�
Nค#AP/�/?�#>�?�N2?"� ห#A/�@!�?P�CO�ล>��O@ห��  

4.3.4 �#>�/�หCN�?"! �?�O2���@! ó 
4.3.5 /@�หC�ั���หCN�?"!P�"QหO�O@Oห�N��/��N/��@�//��/�N2?"�/"CN�#>N/�

�@P��ล@��/��N/��@�#?�N2?"��/�หCN�?"! ô 
4.3.6 ��หC�ั��O/"O#��� 5.3 �>/�?� (N) ห#A/ 4.5 �>/�?� (N) !?ค/@!�>��ล@�R!N

N�>� ±0.5 �>/�?�  
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#C��?P 1 O2���@#�#>�/�หCN�?"!Oล>Nค#AP/�/?�#>�?�N2?"� 
 

 4.4 �@#!#/�2 @�ค/@!�#O/!�/�Nค#AN/�#?N#ํ@�@#2/&N#?"& 
 QหO"�Nล>��@#2/�N�?"�ห@���/N@Nค#AP/�!A/�?��ลN@/R!N!?ค/@!�#O/! N�N� 2/>��์

ค/�คB!2?ญญ@�N2?"��O@�@��>����>ห#A/R!N�O@�@� 2N/�ค/�คB!ค/@!�?P�O@�@��>����>ห#A/R!N�O@�@� 
2?ญญ@�N2?"��?P�N@"//�!@�>����>ห#A/R!N�N/N�AP/�  

 4.5 �@#N!#?"!ค/@!�#O/!�/�Nค#AN/�#?N#ํ@�@#2/&N#?"& 
 4.5.1 N�ิ�Nค#AP/��#/�2!##� @��@#R�O">��?P�>2/�N�?"�QหO/"CNQ�2 @/>�#O/!

Q�O�@� N�็�N/ล@R!N�O/"�/N@ 20 �@�? ห#A/�@!�?P�CO�ล>�O�>�O@  
4.5.2 �N@"N2?"�O���N/N�AP/��N@�หC�ั��?P#>�?��@#R�O">� 70 dBHL /"N@��N/N�AP/�

�#>!@� 10 />�@�? P�"N#>P!�@�ค/@!�?P�PO@2B�R����#>�?P�ค#��B�ค/@!�?P�?P!?��Nค#AP/� 
 

O#��  

microphone 

�@%หCN#?"!  
(base) 

pre-amplifier 

84.5 dB 

Nค#AN/�/? #> ?&N2?"� 

หCN#?"!  
(acoustic coupler) 

2 

4 

3 

หC�ั� (earphone) 

1 
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5. �@#@!>N!/#์#?N2/&N#?"& 
5.1 ค/@!�?P (frequency) 
5.2 #>�?�ค/@!�?�N2?"� (sound pressure level) 
5.3 #>�?�N2?"�ล/� (masking noise level) 
5.4 ค/@!�C��O/��/��@#ค/�คB!#>�?�2?ญญ@� (accuracy of signal level control) 
5.5 ค/@!�>�N�?Q"�#/!�/�2?ญญ@�0@#์!/�>�  (total harmonic distortion)  

 
6. �B 2/&N#?"& 

�B�2/�N�?"��/�O�Nล>�@#@!>N�/#์ O2���?��@#@��?P 1 

�@#@��?P 1 �B�2/�N�?"� 
 

ห?/�O/�?P�O@�@#2/�N�?"� �B�2/�N�?"� 

ค/@!�?P (frequency) �?P#>�?��@#R�O">� 70 dBHL �B�ค/@!�?P�?PNค#AP/��#/�2!##� @�
�@#R�O">�2@!@#��N@"R�O   

#>�?�ค/@!�?�N2?"�   
(sound pressure levels) 

�?P#>�?��@#R�O">� 70 dBHL �B�ค/@!�?P�?PNค#AP/��#/�2!##� @�
�@#R�O">�2@!@#��N@"R�O   

#>�?�N2?"�ล/�   
(masking noise level) 

�?P#>�?��@#R�O">� 70 dBHL �B�ค/@!�?P�?PNค#AP/��#/�2!##� @�
�@#R�O">�2@!@#��N@"R�O  

ค/@!�C��O/��/��@#ค/�คB!#>�?�#>�?�
2?ญญ@�  
(accuracy of signal level control) 

�B�#>�?��@#R�O">��?PNค#AP/��#/�2!##� @��@#R�O">�2@!@#�
�N@"R�O �?Pค/@!�?P 1 kHz 

คN@ค/@!�>�N�?Q"�#/!�/�2?ญญ@�0@#์!/�>�  
(total harmonic distortion) 

�?Pค/@!�?P 125 Hz �@� 8 kHz � #>�?��@#R�O">��?��?Q 
65 dBHL 2O@ห#?�ค/@!�?P 125 Hz �@� 200 Hz  
80 dBHL 2O@ห#?�ค/@!�?P 250 Hz �@� 400 Hz  
100 dBHL2O@ห#?�ค/@!�?P 500 Hz �@� 8000 Hz  
ห!@"Nห�B Q��#�?�?PR!N2@!@#��?Q�#>�?��@#R�O">��@!�?P�O@ห�� 

QหO�?Q�คN@�?P#>�?�2C�2B��/�Nค#AP/��?P�O@�@#2/�N�?"� 

 
7. �?O%!/%�@#2/&N#?"& 

7.1 �?O%!/%�@#2/&N#?"&ค/@!"?N  
Nค#AP/�!A/!@�#�@�Oล>/B��#�์ 
1) �B�หCN�?"!  
2) �BO!�QO@ห�?� ��@� 530 �#?! ±50 �#?! ห#A/��@� 450 �#?! ±50 �#?!  
3) Nค#AP/�/?�#>�?�N2?"�ห#A/Nค#AP/�/>Nค#@>ห์2?ญญ@�N2?"���>��?P!?�ั��์�?��?P

2@!@#�/?�ค/@!�?PN2?"�R�O 
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 ห!@"Nห�B  ห@�Nค#AP/�/?�#>�?�N2?"�R!N!? �ั��์�?�/?�ค/@!�?P 2@!@#�Q�O
Nค#AP/�/?�ค/@!�?P�/�2?ญญ@�R��O@ (frequency counter) /?�ค/@!�?P�@��N/�2?ญญ@�R��O@�@//� (output) 
�/�Nค#AP/�/?�#>�?�N2?"�R�ON�N��?� 

�?Q��/��@#2/�N�?"� 
1) �N//B��#�์�?�O2��Q�#C��?P 2  
2) �#?��?Q�Nค#AP/�/?�#>�?�ค/@!�?�N2?"��?��?Q 

- Time weight  : Fast �O@R!N!?2@!@#�Q�O Slow  
- Frequency weight  : Z ห#A/ Linear ห#A/ Flat  

3) �#?��?Q�Nค#AP/��#/�2!##� @��@#R�O">��?P�>2/�N�?"��?��?Q 
- #>�?��@#R�O">� 70 dBHL Q��#�?�?PNค#AP/�R!N2@!@#��?Q�คN@R�O�@!�?P�O@ห�� 

QหO�?Q��?P#>�?��@#R�O">�2C�2B��/�Nค#AP/��?P�O@�@#2/�N�?"� 
- ค/@!�?PR�"?�ค/@!�?P�PO@2B�     
- �@#�N@"2?ญญ@�N2?"�O���N/N�AP/� 

4) �ลN/"2?ญญ@�N2?"� #/���#>�?P�#>�?�ค/@!�?�N2?"��?PO2����Nค#AP/�/?�
#>�?�N2?"�O2��คN@ค��?P �?��@�คN@ค/@!�?P�?P/?�R�O 

5) �#?��?Q�ค/@!�?P��Nค#AP/��#/�2!##� @��@#R�O">�R�"?�ค/@!�?P�?�R� 
6) �O@�QO@�O/ 4) �@��O/ 5) ���#>�?P�ค#��B�ค/@!�?P�?PNค#AP/��#/�2!##� @��@#

R�O">�2@!@#��N@"R�O 
7) �O@หC�ั�//��@�หCN�?"!Oล>/@�หC�ั��ล?�R���หCN�?"! P�"QหO�N/�2?ญญ@� 

N2?"��/�หC�ั��#��?��N/�#?�N2?"��/�หCN�?"!  
8) �O@�@#/?�P�"N#>P!�O�Qห!N�?Q�ห!� /?�/"N@��O/" 2 ค#?Q�   
9) Q��@#2/�N�?"��>�O/�/?�ค/@!�?PN2?"��?P�O@N�>��@�หC�ั��?Q� 2 �O@� (หC�ั��O@�

�O@"Oล>หC�ั��O@��/@)   
�@#�?��@��ล�@#2/�N�?"� 
 @ค��/� � �@#@��?P �.1 �?//"N@��@#@��?��@��ล�@#2/�N�?"�ค/@!�?P 

(frequency) 
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#C��?P 2  O2���@#�N//B��#�์2O@ห#?��@#/?�ค/@!�?P 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

O#��  

pre-amplifier 

84.5 dB

Nค#AN/�!#/�2!##" @��@#R O">% 

Nค#AN/�/? #> ?&N2?"� 

Nค#AN/�/? ค/@!"?N�/�2?ญญ@�R��้@
(frequency counter) 

หCN#?"!  

R!Pค#P�% 

Nค#AN/��#/�ค/@!"?N2?ญญ@�R��้@ 
(octave band pass filter) 

หC�ั� 
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7.2 �?O%!/%�@#2/&N#?"&#> ?&ค/@! ?%N2?"�  
Nค#AP/�!A/!@�#�@�Oล>/B��#�์ 
1) �B�หCN�?"!  
2) �BO!�QO@ห�?� ��@� 530 �#?! ±50 �#?! ห#A/��@� 450 �#?! ±50 �#?!  
3) Nค#AP/�/?�#>�?�N2?"�ห#A/Nค#AP/�/>Nค#@>ห์2?ญญ@�N2?"� 
 ห!@"Nห�B ห@�Nค#AP/�/?�#>�?�N2?"�R!N!?�ั��์�?��#/�2?ญญ@�ค/@!�?P 2@!@#�

Q�ONค#AP/��#/�2?ญญ@�ค/@!�?PN2?"��N/N�>P!N�>!R�O 
�?Q��/��@#2/�N�?"� 
1) �N//B��#�์�?�O2��Q�#C��?P 3  
2) �#?��?Q�Nค#AP/�/?�#>�?�ค/@!N2?"��?��?Q 

- Time weight  : Slow ห#A/�O@R!N!?QหOQ�O Fast 
- Frequency weight  : Z ห#A/ Linear ห#A/ Flat 
- Octave band pass filter  : ค/@!�?P�?P�O@�@#/?� 

3) �#?��?Q�Nค#AP/��#/�2!##� @��@#R�O">��?P�>2/�N�?"��?��?Q 
- #>�?��@#R�O">� 70 dBHL Q��#�?�?PNค#AP/�R!N2@!@#��?Q�คN@R�O�@!�?P�O@ห�� 

QหO�?Q��?P#>�?��@#R�O">�2C�2B��/�Nค#AP/��?P�O@�@#2/�N�?"� 
- ค/@!�?P�PO@2B��?PNค#AP/��#/�2!##� @��@#R�O">�2@!@#��N@"R�O     
- �@#�N@"2?ญญ@�N2?"�O���N/N�AP/�  

4) �ลN/"2?ญญ@�N2?"� #/���#>�?P�#>�?�ค/@!�?�N2?"��?PO2����Nค#AP/�/?�
#>�?�N2?"�O2��คN@ค��?P �?��@�#>�?�ค/@!�?�N2?"��?P/?�R�O 

5) �?Q�คN@ค/@!�?P��Nค#AP/��#/�2!##� @��@#R�O">�R�"?�ค/@!�?P�?�R�Oล>�?Q�คN@
Nค#AP/��#/�2?ญญ@�R��O@ค/@!�?PQหO2/�คลO/��?�ค/@!�?PN2?"��?P�O@�@#/?�   

6) �O@�QO@�O/ 4) �@��O/ 5) ���#>�?P�/?�#>�?�ค/@!�?�N2?"��/��B�ค/@!�?P��ค#�
�B�ค/@!�?P�?P!?��Nค#AP/��#/�2!##� @��@#R�O">� 

7) �O@หC�ั�//��@�หCN�?"!Oล>/@�หC�ั��ล?�R���หCN�?"! P�"QหO�N/�2?ญญ@� 
N2?"��/�หC�ั��#��?��N/�#?�N2?"��/�หCN�?"!  

8) �O@�@#/?�P�"N#>P!�O�Qห!N�?Q�ห!� /?�/"N@��O/" 2 ค#?Q�   
9) Q��@#2/�N�?"��>�O/�/?�#>�?�ค/@!�?�N2?"��?P�O@N�>��@�หC�ั��?Q� 2 �O@�  

(หC�ั��O@��O@"Oล>หC�ั��O@��/@) 
�@#�?��@��ล�@#2/�N�?"� 
 @ค��/� � �@#@��?P �.1 �?//"N@��@#@��?��@��ล�@#2/�N�?"�#>�?�ค/@!�?�

N2?"� (sound pressure level) 
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#C��?P 3 �@#�N//B��#�์2O@ห#?��@#/?�#>�?�ค/@!�?�N2?"�Oล>�@#ค/�คB!#>�?�2?ญญ@� 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

O#��  

pre-amplifier 

84.5 dB

Nค#AN/�!#/�2!##" @��@#R O">% 

Nค#AN/�/? #> ?&N2?"� 
หCN#?"!  

R!Pค#P�% 

Nค#AN/��#/�ค/@!"?N2?ญญ@�R��้@ 
(octave band pass filter) 

หC�ั� 
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7.3 �?O%!/%�@#2/&N#?"&#> ?&N2?"�ล/�  
Nค#AP/�!A/!@�#�@�Oล>/B��#�์ 
1) �B�หCN�?"!  
2) �BO!�QO@ห�?� ��@� 530 �#?! ±50�#?! ห#A/��@� 450 �#?! ±50 �#?!  
3) Nค#AP/�/?�#>�?�N2?"�ห#A/Nค#AP/�/>Nค#@>ห์2?ญญ@�N2?"�  
�?Q��/��@#2/�N�?"� 
1) �N//B��#�์�?�O2��Q�#C��?P 4 
2) �#?��?Q�Nค#AP/�/?�#>�?�ค/@!�?�N2?"��?��?Q  

- Time weight  : Slow  
- Frequency weight  : Z ห#A/ Linear ห#A/ Flat 

3) �#?��?Q�Nค#AP/��#/�2!##� @��@#R�O">��?P�>2/�N�?"��?��?Q 
- ��>��/�2?ญญ@� N�็�O��2?ญญ@�N2?"�ล/�   
- #>�?��@#R�O">� 70 dBHL Q��#�?�?PNค#AP/�R!N2@!@#��?Q�คN@R�O�@!�?P�O@ห�� 

QหO�?Q��?P#>�?��@#R�O">�2C�2B��/�Nค#AP/��?P�O@�@#2/�N�?"�  
- ค/@!�?P�PO@2B� �?PNค#AP/��#/�2!##� @��@#R�O">�2@!@#��N@"R�O   
- �@#�N@"2?ญญ@�N2?"�O���N/N�AP/�  

4) �ลN/"2?ญญ@�N2?"� #/���#>�?P�#>�?�ค/@!�?�N2?"��?PO2����Nค#AP/�/?�
#>�?�N2?"�O2��คN@ค��?P �?��@�#>�?�ค/@!�?�N2?"��?P/?�R�O 

5) �?Q�คN@ค/@!�?P��Nค#AP/��#/�2!##� @��@#R�O">�R�"?�ค/@!�?P�?�R�   
6) �O@�QO@�O/ 4) �@��O/ 5) ���#>�?P�/?�#>�?�ค/@!�?�N2?"��/��B�ค/@!�?P��ค#�

�B�ค/@!�?P�?P!?��Nค#AP/��#/�2!##� @��@#R�O">� 
7) �O@หC�ั�//��@�หCN�?"!Oล>/@�หC�ั��ล?�R���หCN�?"! P�"QหO�N/�2?ญญ@� 

N2?"��/�หC�ั��#��?��N/�#?�N2?"��/�หCN�?"!  
8) �O@�@#/?�P�"N#>P!�O�Qห!N�?Q�ห!� /?�/"N@��O/" 2 ค#?Q�   
9) Q��@#2/�N�?"��>�O/�/?�#>�?�ค/@!�?�N2?"��?P�O@N�>��@�หC�ั��?Q� 2 �O@�  

(หC�ั��O@��O@"Oล>หC�ั��O@��/@) 
�@#�?��@��ล�@#2/�N�?"� 
 @ค��/� � �@#@��?P �.3 �?//"N@��@#@��?��@��ล�@#2/�N�?"�#>�?�N2?"�ล/� 

(masking noise level) 
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#C��?P 4 O2���@#�N//B��#�์2O@ห#?��@#/?�#>�?�N2?"�ล/� 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Nค#AN/�/? #> ?&N2?"�

O#��  

pre-amplifier 

84.5 dB

Nค#AN/�!#/�2!##" @��@#R O">% 

หCN#?"!  

R!Pค#P�% 

หC�ั� 
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7.4 �?O%!/%�@#2/&N#?"&ค/@!"C�!O/��/��@#ค/&คB!#> ?&2?ญญ@�  
Nค#AP/�!A/!@�#�@�Oล>/B��#�์ 
1) �B�หCN�?"!  
2) �BO!�QO@ห�?� ��@� 530 �#?! ±50 �#?! ห#A/��@� 450 �#?! ±50 �#?!  
3) Nค#AP/�/?�#>�?�N2?"�ห#A/Nค#AP/�/>Nค#@>ห์2?ญญ@�N2?"�  
 ห!@"Nห�B  Q��#�?�?PNค#AP/�/?�#>�?�N2?"�R!N!?�ั��์�?��#/�2?ญญ@�

ค/@!�?P 2@!@#�Q�ONค#AP/��#/�2?ญญ@�ค/@!�?P�N/N�>P!N�>!R�O 
�?Q��/��@#2/�N�?"� 
1) �N//B��#�์�?�O2��Q�#C��?P 3 
2) �#?��?Q�Nค#AP/�/?�#>�?�N2?"��?��?Q 

- Time weight  : Slow �O@R!N!?2@!@#�Q�O Fast O��R�O  
- Frequency weight  : Z ห#A/ Linear ห#A/ Flat 
- Octave band pass filter : 1 kHz 

3) �#?��?Q�Nค#AP/��#/�2!##� @��@#R�O">��?P�>2/�N�?"��?��?Q 
- #>�?��@#R�O">�2C�2B� 
- ค/@!�?P 1 kHz  

4) �@#�N@"2?ญญ@�N2?"�O���N/N�AP/�  
5) �ลN/"2?ญญ@�N2?"� #/���#>�?P�#>�?�ค/@!�?�N2?"��?PO2����Nค#AP/�/?�

#>�?�N2?"�ค��?P �?��@�#>�?�ค/@!�?�N2?"��?P/?�R�O 
6) �#?�#>�?��@#R�O">���Nค#AP/��#/�2!##� @��@#R�O">� ล�ล� 5 dBHL 
7) �ลN/"2?ญญ@�N2?"� #/���#>�?P�#>�?�ค/@!�?�N2?"��?PO2����Nค#AP/�/?�

#>�?�N2?"�ค��?P �?��@�#>�?�ค/@!�?�N2?"��?P/?�R�O 
8) �O@�QO@�O/ 5) �@��O/ 6) ���#>�?P��@�#>�?��@#R�O">��PO@2B��?P Nค#AP/��#/�

2!##� @��@#R�O">�2@!@#��N@"R�O  
9) �O@หC�ั�//��@�หCN�?"!Oล>/@�หC�ั��ล?�R���หCN�?"! P�"QหO�N/�2?ญญ@� 

N2?"��/�หC�ั��#��?��N/�#?�N2?"��/�หCN�?"!  
10) �O@�@#/?�P�"N#>P!�O�Qห!N�?Q�ห!� /?�/"N@��O/" 2 ค#?Q�   
11) Q��@#2/�N�?"��>�O/�/?�#>�?�ค/@!�?�N2?"��?P�O@N�>��@�หC�ั��?Q� 2 �O@�  

(หC�ั��O@��O@"Oล>หC�ั��O@��/@) 
�@#�?��@��ล�@#2/�N�?"� 
 @ค��/� � �@#@��?P �.4 �?//"N@��@#@��?��@��ล�@#2/�N�?"�ค/@!�C��O/��/�

�@#ค/�คB!#>�?�2?ญญ@ (accuracy of signal level control) 
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7.5 �?O%!/%�@#2/&N#?"&ค/@!(> N�?O"%#/!�/�2?ญญ@�0@#์!/%>�    
Nค#AP/�!A/!@�#�@�Oล>/B��#�์ 
1) �B�หCN�?"!  
2) �BO!�QO@ห�?� ��@� 530 �#?! ±50 �#?! ห#A/��@� 450 �#?! ±50 �#?!  
3) Nค#AP/�/?�#>�?�N2?"�ห#A/Nค#AP/�/>Nค#@>ห์2?ญญ@�N2?"��?P!?�ั��์�?�/?�ค/@!

�>�N�?Q"�#/!�/�2?ญญ@�0@#์!/�>�  
 ห!@"Nห�B  Q��#�?�?PNค#AP/�/?�#>�?�N2?"�R!N!?�ั��์�?�/?�ค/@!�>�N�?Q"�#/!�/�

2?ญญ@�0@#์!/�>� 2@!@#�Q�ONค#AP/�/?�ค/@!�>�N�?Q"�#/!�/�2?ญญ@�0@#์!/�>��N/ @"�/� �O@Nค#AP/�R!N
2@!@#�/?�N�็�คN@#/!R�O2@!@#�ห@คN@#/!R�O�@!/>�?�?P#>�BR/OQ� @ค��/� �  

�?Q��/��@#2/�N�?"� 
1) �N//B��#�์�?�O2��R/OQ�#C��?P 5 
2) �#?��?Q�Nค#AP/�/?�#>�?�ค/@!�?�N2?"��?��?Q 

- Time weight  : Slow �O@R!N!?2@!@#�Q�O Fast O��R�O  
- Frequency weight  : Z ห#A/ Linear ห#A/ Flat 

3) N�ิ�Nค#AP/��#/�2!##� @��@#R�O">� �?Q�คN@ค/@!�?P�PO@2B��?PNค#AP/��#/�
2!##� @��@#R�O">�2@!@#��N@"R�O Oล>#>�?��@#R�O">�QหO2/�คลO/��@!ค/@!�?P�?P�O@�@#/?� �?��O@ห��R/OQ� 
�@#@��?P 2 

4) �ลN/"2?ญญ@�N2?"� #/���#>�?P�#>�?�2?ญญ@��?PO2����Nค#AP/�/?�O2��
คN@ค��?P �?��@�คN@#O/"ล>ค/@!�>�N�?Q"�#/!�/�2?ญญ@�0@#์!/�>� �?P/?�R�O 

5) �?Q�คN@ค/@!�?P��Nค#AP/��#/�2!##� @��@#R�O">�R�"?�ค/@!�?P�?�R�  Oล>
#>�?�N2?"�QหO2/�คลO/��?�ค/@!�?P�?P#>�BR/OQ��@#@��?P 2   

6) �O@�QO@�O/ 4) �@��O/ 5) ���#>�?P�/?�#>�?�ค/@!�>�N�?Q"�#/!�/�2?ญญ@�0@#์
!/�>���ค#��B�ค/@!�?P�?P!?��Nค#AP/��#/�2!##� @��@#R�O">� 

7) �O@หC�ั�//��@�หCN�?"!Oล>/@�หC�ั��ล?�R���หCN�?"! P�"QหO�N/�2?ญญ@� 
N2?"��/�หC�ั��#��?��N/�#?�N2?"��/�หCN�?"!  

8) �O@�@#/?�P�"N#>P!�O�Qห!N�?Q�ห!� /?�/"N@��O/" 2 ค#?Q�   
9) Q��@#2/�N�?"��>�O/�/?�#>�?�ค/@!�?�N2?"��?P�O@N�>��@�หC�ั��?Q� 2 �O@�  

(หC�ั��O@��O@"Oล>หC�ั��O@��/@) 
�@#�?��@��ล�@#2/�N�?"� 
 @ค��/� � �@#@��?P �.5 �?//"N@��@#@��?��@��ล�@#2/�N�?"�ค/@!�>�N�?Q"�

#/!�/�2?ญญ@�0@#์!/�>� (total harmonic distortion) 
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#C��?P 5 O2���@#�N//B��#�์2O@ห#?��@#/?�คN@ค/@!�>�N�?Q"�#/!�/�2?ญญ@�0@#์!/�>�  
 

�@#@��?P 2 O2��#>�?�N2?"��?PQ�OQ��@#/?�คN@ค/@!�>�N�?Q"�#/!�/�2?ญญ@�0@#์!/�>�   
 

#>�?��@#R�O">�2O@ห#?��@#/?�ค/@!�>�N�?Q"�#/!�/�2?ญญ@�0@#์!/�>�  

ค/@!�?P (Hz) 125 �@� 200 250 �@� 400 500 �@� 8000 

#>�?��@#R�O">� * (dBHL) 75 90 110 

* ห!@"�@� ห@�R!N2@!@#��?Q�#>�?��@#R�O">��@!�?P�O@ห�� QหO�O@�@#�?Q�คN@�?P#>�?�2C�2B��?PNค#AP/��#/�
2!##� @��@#R�O">�2@!@#��N@"R�O  

 
 
 
 
 
 

 

O#��  

pre-amplifier 

84.5 dB

Nค#AN/�!#/�2!##" @��@#R O">% 

Nค#AN/�/? #> ?&N2?"�   

หCN#?"!  

R!Pค#P�% 

หC�ั� 

Nค#AN/�/? ค/@!(> N�?O"%#/!�/�2?ญญ@�0@#์!/%>�  
(harmonic distortion meter) 
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8. �@#คํ@%/�(ล�@#2/&N#?"& 
8.1 �@#คํ@%/�(ล�@#2/&N#?"&ค/@!"?N  

�@##@"�@��ล�@#/?��>#@"�@�คN@N�?P"�N�� (deviated value) �/�ค/@!�?P�?P/?�
R�O�@�ค/@!�?P�?P�O@ห��R/O��Nค#AP/��#/�2!##� @��@#R�O">� คO@�/��@!2!�@#�?��N/R��?Q 

ÿÿÿÿÿýÿý ÿÿýÿÿ  �    ý��� � ý���ý��� � 100                    �1�  
P�"�?P  ý���   คA/ ค/@!�?PN�ล?P"�/��ล�@#/?� 3 ค#?Q� (Hz) 
 ý���   คA/ ค/@!�?P�?P�O@ห��R/O�?PNค#AP/��#/�2!##� @��@#R�O">� (Hz) ÿÿÿÿÿýÿý ÿÿýÿÿ   คA/ คN@N�?P"�N���/�ค/@!�?PN�ล?P"�?P/?�R�O�@�ค/@!�?P�?P�O@ห��R/O��Nค#AP/��?P�O@ 
   �@#/?� (%) 

 
8.2 �@#คํ@%/�(ล�@#2/&N#?"&#> ?&ค/@! ?%N2?"�  

�@##@"�@��ล�@#/?��>#@"�@�คN@N�?P"�N���/�#>�?��@#R�O">��?P/?�R�O�@!
2!�@#�?P (2) �@�#>�?��@#R�O">��?P�?Q�คN@R/O��Nค#AP/��#/�2!##� @��@#R�O">� คO@�/�คN@ค/@!N�?P"�N��R�O
�@!2!�@#�?P (3)   ÿÿ���   �    ÿÿÿ � ýýÿÿÿÿ                            �2� ÿÿÿÿÿýÿý ÿÿýÿÿ   �    ÿÿ��� � ÿÿ���         �3� 

P�"�?P  ÿÿ���  คA/ #>�?��@#R�O">��?P/?�R�O (dBHL) 
 ÿÿÿ คA/ #>�?�ค/@!�?�N2?"�N�ล?P"�/��@#/?� 3 ค#?Q� (dB) 
 ýýÿÿÿÿ คA/ คN@�ล@��/�#>�?�ค/@!�?�N2?"��?PหC!�B1"์N#>P!R�O">� ( reference equivalent

 threshold sound pressure level) Q�หCN�?"!คCN�?�หC�ั�#BN��?PQ�O#N/!�?�Nค#AP/��#/� 
  2!##� @��@#R�O">� 2@!@#��CR�O�@� @ค��/� ค ห#A/�@!�?P�CO�ล>��O@ห�� (dB) 

    ÿÿÿÿÿýÿý ÿÿýÿÿ คA/ คN@N�?P"�N���/�#>�?��@#R�O">��?P/?�R�O�@�#>�?��@#R�O">��?P�?Q�คN@R/O�� 
    Nค#AP/��#/�2!##� @��@#R�O">� (dBHL) 
 ÿÿ���  คA/ #>�?��@#R�O">��?P�O@ห��R/O�?PNค#AP/��#/�2!##� @��@#R�O">� (dBHL) 
 

8.3 �@#คํ@%/�(ล�@#2/&N#?"&#> ?&N2?"�ล/� 
�@##@"�@��ล�@#/?��>#@"�@�คN@N�?P"�N���/�#>�?�N2?"�ล/��?P/?�R�O�@�#>�?�

N2?"�ล/��?P�O@ห��R/O��Nค#AP/��#/�2!##� @��@#R�O">� 2@!@#�คO@�/�R�O�@!2!�@#�?��?Q    ýý���   �    ÿÿÿ � ýýÿÿÿÿ � ýÿÿ. ÿÿÿÿý              �4� ÿÿÿÿÿýÿý ÿÿýÿÿ   �    ýý��� � ýý���                    �5� 

P�"�?P   ýý���  คA/ #>�?�N2?"�ล/��?P/?�R�O (dBHL) 
 ÿÿÿ คA/ #>�?�ค/@!�?�N2?"�N�ล?P"�/��@#/?� 3 ค#?Q� (dB) 
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 ýýÿÿÿÿ คA/ คN@�ล@��/�#>�?�ค/@!�?�N2?"��?PหC!�B1"์N#>P!R�O">� (reference equivalent  
threshold sound pressure level) Q�หCN�?"!คCN�?�หC�ั�#BN��?PQ�O#N/!�?�Nค#AP/��#/�
2!##� @��@#R�O">� 2@!@#��CR�O�@� @ค��/� ค ห#A/�@!�?P�CO�ล>��O@ห�� (dB) 

 ýÿÿ. ÿÿÿÿý คA/ #>�?�/O @�/> �  ( reference level) 2O@ห#?�#>�?�N2?"�ล/�  2@!@#��C R�O�@� 
 @ค��/� � ห#A/�@!�?P�CO�ล>��O@ห�� (dB) 

 ýý��� คA/ #>�?��@#R�O">�N2?"�ล/��?P�?Q�คN@R/O�?PNค#AP/��#/�2!##� @��@#R�O">� (dBHL) 
 ÿÿÿÿÿýÿý ÿÿýÿÿ คA/ คN@N�?P"�N���/�#>�?�N2?"�ล/��?P/?�R�O�@�#>�?�N2?"�ล/��?P�?Q �คN@R/O�?P 
   Nค#AP/��#/�2!##� @��@#R�O">� (dBHL)  
 

8.4 �@#คํ@%/�(ล�@#2/&N#?"&ค/@!"C�!O/��/��@#ค/&คB!#> ?&2?ญญ@�  
Q�ห?/�O/�?Q�>�O@�@#�#>N!>� 2 ห?/�O/"N/" R�OO�N ค/@!N�?P"�N���/��@#

N�ล?P"�O�ล�#>�?��@#R�O">��?P/?�R�O�@��@#N�ล?P"�O�ล��/�#>�?��@#R�O">��?Pค/�คB! (step deviation) N�็�
�@#ห@คN@ค/@!�C��O/��/��@#�#?�คN@#>�?��@#R�O">� Oล>ค/@!N�?P"�N���/�คN@ค/@!O���N@�#>ห/N@�#>�?�
�@#R�O">�N�?"��?�#>�?��@#R�O">�2C�2B��?P/?�R�O �@�คN@ค/@!O���N@�#>ห/N@�#>�?��@#R�O">�N�?"��?�#>�?�
�@#R�O">�2C�2B��?PNค#AP/�2@!@#��N@"R�O �@P��O@ห��R/O��Nค#AP/��?P2/�N�?"� (accumulated deviation)  

�@##@"�@%(ล�@#/?   
คO@�/�#>�?��@#R�O">��@�#>�?�ค/@!�?�N2?"�N�ล?P"�/��@#/?� 3 ค#?Q� 2@!@#�

คO@�/�R�O�?�2!�@#  ÿÿ �   ÿÿÿ � ýýÿÿÿÿ                   �6� 

P�"�?P  ÿÿ คA/ #>�?��@#R�O">��?P/?�R�O (dBHL) 
 ÿÿÿ คA/ #>�?�ค/@!�?�N2?"�N�ล?P"�/��@#/?� 3 ค#?Q� (dB) 
 ýýÿÿÿÿ คA/ คN@�ล@��/�#>�?�ค/@!�?�N2?"��?PหC!�B1"์N#>P!R�O">� ( reference equivalent 

threshold sound pressure level) Q�หCN�?"!คCN�?�หC�ั�#BN��?PQ�O#N/!�?�Nค#AP/��#/�
2!##� @��@#R�O">� 2@!@#��CR�O�@� @ค��/� ค ห#A/�@!�?P�CO�ล>��O@ห�� (dB) 

 
8.4.1 �@##@"�@%(ล�@#/?  step deviation  

N�็��@##@"�@�คN@N�?P"�N���/�ค/@!O���N@��/�#>�?��@#R�O">��?P/?�R�O
�/�#>�?��@#R�O">��?P2�Q� 2 #>�?��?P/"CN�>��?� �∆ÿÿ���� (2!�@#�?P 7) �@�ค/@!O���N@��/�#>�?��@#R�O
">��?P�O@ห����Nค#AP/��#/�2!##� @��@#R�O">��/�#>�?��@#R�O">��?P2�Q� 2 #>�?��?P/"CN�>��?� �∆ÿÿ���� 

(2!�@#�?P 8) P�"คN@N�?P"�N��2@!@#�คO@�/��@!2!�@#�?P 9  ∆ÿÿ���    �    ÿ� � ÿ���                                     �7� ∆ÿÿ���   �    ÿÿ� � ÿÿ���                                �8� ÿÿÿÿÿýÿý ÿÿýÿÿ   �  ∆ÿÿ��� � ∆ÿÿ���        �9� 
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P�"�?P  ∆ÿÿ��� คA/ คN@ค/@!O���N@��/�#>�?��@#R�O">��?P2�Q� 2 #>�?��?P/"CN�>��?� �@P�R�O!@�@��@#/?� 
(dBHL) 

 ÿ� , ÿ��� คA/ #>�?��@#R�O">��?P2�Q� 2 #>�?��?P/"CN�>��?� P�" ÿ� คA/#>�?��@#R�O">��?P2C��/N@ Oล> ÿ��� คA/#>�?��@#R�O">��?P�PO@�/N@ �@P�#>�?��@#R�O">��?Q� 2 คN@R�O�@��@#/?� (dBHL) 
 ∆ÿÿ��� คA/ คN@ค/@!O���N@��/�#>�?��@#R�O">��?P2�Q� 2 #>�?��?P/"CN�>��?� N�็�คN@�?P�#?��?Q�R/O�?P

Nค#AP/��#/�2!##� @��@#R�O">� (dBHL) 
 ÿÿ� , ÿÿ��� คA/ #>�?��@#R�O">��?P2�Q� 2 #>�?��?P/"CN�>��?� P�" ÿÿ�คA/#>�?��@#R�O">��?P2C��/N@ 

Oล> ÿÿ��� คA/#>�?�R�O">��?P�PO@�/N@ �@P�#>�?��@#R�O">��?Q� 2 คN@ คA/คN@�?P�#?��?Q�R/O�?P
Nค#AP/��#/�2!##� @��@#R�O">� (dBHL) 

 
8.4.2 �@##@"�@%(ล�@#/? คN@N&?N"�N&%2>2! (accumulated deviation) 

N�็��@##@"�@�คN@N�?P"�N��2>2!�/�#>�?��@#R�O">��?P2�Q��@�#>�?��@#
R�O">�2C�2B��?PNค#AP/��#/�2!##� @��@#R�O">�2@!@#��N@"R�O ∆ÿÿ���    �    ÿ��� � ÿ�                                     �10� ∆ÿÿ���   �    ÿÿ��� � ÿÿ�                                �11� ÿÿÿÿÿýÿý ÿÿýÿÿ   �  ∆ÿÿ��� � ∆ÿÿ���        �12� 
P�"�?P ∆ÿÿ���  คA/ คN@ค/@!O���N@�#>ห/N@�#>�?��@#R�O">��?P2�Q��?�#>�?��@#R�O">�2C�2B��?PNค#AP/��#/�

2!##� @��@#R�O">�2@!@#��N@"R�O �@P�N�็�คN@�?PR�O�@��@#/?� (dBHL) 
 ÿ��� คA/ #>�?��@#R�O">�2C�2B��?PNค#AP/��#/�2!##� @��@#R�O">�2@!@#��N@"R�O �@P�N�็�คN@�?PR�O                

�@��@#/?� (dBHL) 
 ÿ� คA/ #>�?��@#R�O">��?P2�Q� �@P�N�็�คN@�?PR�O�@��@#/?�R�O (dBHL) 
 ∆ÿÿ���  คA/ คN@ค/@!O���N@�#>ห/N@�#>�?��@#R�O">��?P2�Q��@�#>�?��@#R�O">�2C�2B��?PNค#AP/��#/�

2!##� @��@#R�O">�2@!@#��N@"R�O N�็�#>�?��@#R�O">��?P�#?��?Q���Nค#AP/��?P�O@�@#2/�
N�?"� (dBHL) 

 ÿÿ��� คA/ #>�?��@#R�O">�2C�2B��?P�#?��?Q�R/O�?PNค#AP/��#/�2!##� @��@#R�O">� (dBHL) 
 ÿÿ� คA/ #>�?��@#R�O">��?P2�Q� �@P��#?��?Q�R/O�?PNค#AP/��#/�2!##� @��@#R�O">� (dBHL) 
 

8.5 �@#คํ@%/�(ล�@#2/&N#?"&ค/@!(> N�?O"%#/!�/�2?ญญ@�0@#์!/%>�  
�ล�@#/?��>#@"�@�N�็�คN@N�ล?P"�/�#O/"ล>ค/@!�>�N�?Q"�#/!�/�2?ญญ@� 

0@#์!/�>��?PR�O�@��@#/?��QO@ 3 ค#?Q�  

ÿÿÿ������   �    ÿÿÿ� " ÿÿÿ� " ÿÿÿ�3  

P�"�?P  ÿÿÿ������      คA/ #O/"ล>ค/@!�>�N�?Q"�#/!�/�2?ญญ@�0@#!์/�>�N�ล?P"�/��@#/?� 3 ค#?Q� (%) 
 ÿÿÿ�   คA/ #O/"ล>ค/@!�>�N�?Q"�#/!�/�2?ญญ@�0@#!์/�>��?P/?�R�OQ�O�Nล>ค#?Q� (%) 
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9. �@#'#>N!>%คN@ค/@!R!NO%N%/%�/��@#/?  (uncertainty of measurement) 
 @ค��/� � �@#�#>N!>�คN@ค/@!R!NO�N�/��/��@#/?�  
 

10. Q&#?&#/��@#2/&N#?"& (certification of calibration) 
  @ค��/� � �?//"N@�Q�#?�#/��@#2/�N�?"�  
 
11. �@##/%2/& (verification) Oล>N���์�@#"/!#?& (acceptance limit) 

Nค#AP/�!A/�?P�O@�@#�/�2/� �>�O/�!?�ล�@#�/�2/��N@�N���์�B�ห?/�O/"N/"�@!
Error! Reference source not found.3  N���์�@#�>�@#�@�B�ห?/�O/�#>�/��O/" 2 2N/� �?��?Q 

11.1 คN@ค/@!N�?P"�N���/��ล�@#/?�  
 คN@ค/@!N�?P"�N���/��ล�@#/?��>�O/�/"CNQ�N���์�@#"/!#?��?P�O@ห�� "�N/O� 

�@#2/�N�?"�ค/@!�>�N�?Q"�#/!�/�2?ญญ@�0@#์!/�>� คN@�?P/?�R�O�>�O/�/"CNQ�N���์�@#"/!#?��?P�O@ห��  
11.2 คN@ค/@!R!NO�N�/��/��@#/?� 
 คN@ค/@!R!NO�N�/��/��@#/?�O�Nล>ห?/�O/�>�O/�#@"�@��?P#>�?�ค/@!N�AP/!?P� 

�#>!@� 95% (k=2) คN@ค/@!R!NO�N�/��/��@#/?��O/�/"CNQ�N���์�/�คN@ค/@!R!NO�N�/��/��@#/?�2C�2B��?P
"/!#?�R�O�@!�?P�O@ห�� (maximum permitted expanded uncertainty of measurement)  
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�@#@��?P 3 O2��N���์�?P�O@ห��Oล>คN@ค/@!R!NO�N�/��/��@#/?�2C�2C��?P"/!#?�R�O  
 

ห?/�O/ 
N���์�@#"/!#?� 

(acceptance limit) 

คN@ค/@!R!NO�N�/��/��@#/?�2C�2B��?P"/!#?�R�O 
(maximum permitted expanded  
uncertainty of measurement) 

ค/@!�?P�/�2?ญญ@�N2?"�  
(frequency) 

±1 % 2O@ห#?� Type 1 Oล> Type 2 
±2 % 2O@ห#?� Type 3 Oล> Type 4   

0.5% 

#>�?�ค/@!�?�N2?"� 
(sound pressure levels) 

±3.0 dB 2O@ห#?�ค/@!�?P 125 Hz �@� 4 kHz  
±5.0 dB 2O@ห#?�ค/@!�?P >4 kHz �@� 16 kHz  

0.7 dB 2O@ห#?�ค/@!�?P 125 Hz �@� 4 kHz 
1.2 dB 2O@ห#?�ค/@!�?P >4 kHz �@� 8 kHz 
1.5 dB 2O@ห#?�ค/@!�?P >9 kHz �@� 16 kHz 

#>�?�N2?"�ล/�  
(masking noise level) 

!?คN@/"CN#>ห/N@� -3 dB �@� 5 dB 1.0 dB 

ค/@!�C��O/��/��@#ค/�คB!#>�?�2?ญญ@�  
(accuracy of signal level control) 

1 dB ห#A/#O/"ล> 30 �/��N/�ค/@!�/O@��?P�O@�@#/?� (Step) 
Q�ON���์�?P�O/"�/N@ 2O@ห#?��ล�@#/?�O�� Step Deviation  
1.5 dB 2O@ห#?��ล�@#/?�O�� Accumulated Deviation 

0.5 dB 

ค/@!�>�N�?Q"�#/!�/�2?ญญ@�0@#์!/�>�    
(total harmonic distortion) 

2.5 % 2O@ห#?�ค/@!�?P 125 Hz �@� 8 kHz 0.5% 

   
ห!@"Nห�B  Type �/�Nค#AP/��#/�2!##� @��@#R�O">��O@O��R/OQ�!@�#�@� IEC 60645-1  
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 @ค(%/� � !?//"N@�!@#@�&?%#@�(ล�@#2/&N#?"& 
 
�@#@��?P �.1 �?//"N@��@#@��?��@��ล�@#2/�N�?"�ค/@!�?P (frequency) 
 

setting 
frequency 

(Hz) 

measured frequency (Hz) average 
(Hz) 

deviated value 
(%) 

acceptance limit 
(%) 

measurement 
uncertainty 

(%) 

maximum permitted expanded 
uncertainty of measurement 

(%) 1 2 3 

:         
125         
250         
500         
750         

1 000         
1 500         
2 000         
3 000         
4 000         
6 000         
8 000         

:         
 

ห!@"Nห�B  1) คN@ค/@!�?P�?P#>�BR/OQ��@#@�N�็�N�?"��?//"N@��@#�#/��O/!CลN�N@�?Q� 
 2) คN@ค/@!R!NO�N�/��/��@#/?�2C�2B��?P"/!#?�R�O (maximum permitted expanded uncertainty of measurement) #@"ล>N/?"�/"CNQ��@#@��?P 3 
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�@#@��?P �.2 �?//"N@��@#@��?��@��ล�@#2/�N�?"�#>�?�ค/@!�?�N2?"� (sound pressure level) 
 

frequency 
(Hz) 

RETSPL 
(dB) 

measured sound 
pressure level (dB) average  

(dB) 

hearing 
level 

(dBHL) 

deviated 
Value 
(dB) 

acceptance 
limit (dB) 

measurement 
uncertainty 

(dB) 

maximum permitted expanded 
uncertainty of measurement 

(dB) 1 2 3 

:           
125           
250           
500           
750           

1 000           
1 500           
2 000           
3 000           
4 000           
6 000           
8 000           

:           
 
ห!@"Nห�B  1) คN@ค/@!�?P�?P#>�BR/OQ��@#@�N�็�N�?"��?//"N@��@#�#/��O/!CลN�N@�?Q� 
 2) คN@ค/@!R!NO�N�/��/��@#/?�2C�2B��?P"/!#?�R�O (maximum permitted expanded uncertainty of measurement) #@"ล>N/?"�/"CNQ��@#@��?P 3  
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�@#@��?P �.3  �?//"N@��@#@��?��@��ล�@#2/�N�?"�#>�?�N2?"�ล/� (masking noise level) 
 

frequency 
(Hz) 

RETSPL 
(dB) 

reference 
level 
(dB) 

measured 
sound pressure 

level (dB) 
average 

(dB) 

hearing 
level 

(dBHL) 

deviated 
Value 
(dB) 

acceptance 
limit (dB) 

measurement 
Uncertainty 

(dB) 

maximum permitted 
expanded uncertainty of 

measurement 
(dB) 1 2 3 

:            
125            
250            
500            
750            

1 000            
1 500            
2 000            
3 000            
4 000            
6 000            
8 000            

:            
 
ห!@"Nห�B  1) คN@ค/@!�?P�?P#>�BR/OQ��@#@�N�็�N�?"��?//"N@��@#�#/��O/!CลN�N@�?Q� 
 2) คN@ค/@!R!NO�N�/��/��@#/?�2C�2B��?P"/!#?�R�O (maximum permitted expanded uncertainty of measurement) #@"ล>N/?"�/"CNQ��@#@��?P 3 
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�@#@��?P �.4 �?//"N@��@#@��?��@��ล�@#2/�N�?"�ค/@!�C��O/��/��@#ค/�คB!#>�?�2?ญญ@� (accuracy of signal level control) 
 

setting 
SPL 

(dBHl) 

RETSPL 
(dB) 

measured sound 
pressure level  

(dB) 

step deviation accumulated deviation 

measurement 
uncertainty 

(dB) 

maximum 
permitted 
expanded 

uncertainty of 
measurement 

(dB) 

difference 
Measured 
level (dB) 

difference 
setting 

level (dB) 

deviated 
Value 
(dB) 

acceptance 
limit 
(dB) 

deviated 
value 
(dB) 

acceptance 
limit 
(dB) 1 2 3 AVG 

:              
100              
95              
90              
85              
80              
75              
70              
65              
:              
:              

 
ห!@"Nห�B  1) คN@ค/@!�?P�?P#>�BR/OQ��@#@�N�็�N�?"��?//"N@��@#�#/��O/!CลN�N@�?Q� 
 2) คN@ค/@!R!NO�N�/��/��@#/?�2C�2B��?P"/!#?�R�O (maximum permitted expanded uncertainty of measurement) #@"ล>N/?"�/"CNQ��@#@��?P 3  
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�@#@��?P �.5 �?//"N@��@#@��?��@��ล�@#2/�N�?"�ค/@!�>�N�?Q"�#/!�/�2?ญญ@�0@#!์/�>�  (total harmonic distortion)   
 

setting 
frequency 

(Hz) 

setting 
hearing level 

(dBHL) 

measured THD (%) 
average 

(%) 

acceptance 
limit 
(%) 

measurement 
Uncertainty 

(%) 

maximum permitted 
expanded uncertainty 

of measurement 
(%) 

1 2 3 

:         
125         

250         

500         
750         

1 000         
1 500         
2 000         
3 000         
4 000         
6 000         
8 000         

:         
 
ห!@"Nห�B  1) คN@ค/@!�?P�?P#>�BR/OQ��@#@�N�็�N�?"��?//"N@��@#�#/��O/!CลN�N@�?Q� 
 2) คN@ค/@!R!NO�N�/��/��@#/?�2C�2B��?P"/!#?�R�O (maximum permitted expanded uncertainty of measurement) #@"ล>N/?"�/"CNQ��@#@��?P 3
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 @ค(%/� � �@#/? ค/@!(> N�?O"%#/!�/�2?ญญ@�0@#์!/%>�  
 

�@#/?�ค/@!�>�N�?Q"�#/!�/�2?ญญ@�0@#์!/�>� (total harmonic distortion) ห#A/ THD 
�/�#>�?�N2?"��?P�N@"//��@�Nค#AP/��#/�2!##� @��@#R�O">�N�็��@#ห@/?�#@2N/�#>ห/N@���@��/�
2?ญญ@�#/!�/�2?ญญ@��?Pค/@!�?P�?PN�็�/�ค์�#>�/��/�0@#์!/�>� (/?��?��?P 2 Oล>/?��?��?P 3) �?���@��/�
2?ญญ@��?Pค/@!�?P�?P�O/��@#/?� (fundamental frequency, harmonic /?��?��?P 1) O2��Q�#C�O���/�
2!�@#�?��?Q 

ÿÿÿ �%�   �     �ý�� " ý��ý�  � 100 

 

P�"�?P V1 คA/ ��@��/�2?ญญ@��?Pค/@!�?P!Cล�@� (fundamental frequency; fo)  
 V2 คA/ ��@��/�2?ญญ@��?Pค/@!�?P�?P�O@�/�N�N@�/�ค/@!�?P!Cล�@�ห#A/0@#์!/�>� /?��?��?P 2 (2fo=f1)  
 V3 คA/ ��@��/�2?ญญ@��?Pค/@!�?P�?P�O@�/�N�N@�/�ค/@!�?P!Cล�@�ห#A/0@#์!/�>� /?��?��?P 3 (3fo=f2)  
 

Q��@#/?� THD �/�#>�?�N2?"��?P�N@"//��@�Nค#AP/��#/�2!##� @��@#R�O">� 2@!@#�/?�R�O
P�"Q�ONค#AP/� THD meter Nค#AP/��>#@"�@�คN@//�!@N�็�#O/"ล> (%) �/��@��?Q"?�2@!@#�Q�ONค#AP/� 
/>Nค#@>ห์2N���#?! (spectrum analyzer) �#/�/?���@��/�2?ญญ@�Q�O�Nล>0@#์!/�>� OลO/�O@R�คO@�/�
�@!2!�@# (�.1) �OR�ON�N��?� 
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 @ค(%/� ค คN@ reference equivalent threshold sound pressure levels (RETSPLs) 

�@#@��?P ค.1 O2��คN@ reference equivalent threshold sound pressure levels (RETSPLs)  
 2O@ห#?�หC�O@ล/� (ear simulator) �@!!@�#�@� IEC 60318-1 �/�หC�ั���>��?P�O@ห��  
 (/O@�/>��@� ISO 389-1:2017) 
 

frequency 
(Hz) 

RETSPL 

dB  (reference : 20 ýPa) 
125 45.0 38.5 
160 38.5 33.0 
200 32.5 28.5 
250 27.0 24.0 
315 22.0 20.5 
400 17.0 16.5 
500 13.5 13.5 
630 10.5 9.5 
750 9.0 6.5 
800 8.5 6.0 

1 000 7.5 6.0 
1 250 7.5 7.0 
1 500 7.5 8.5 
1 600 8.0 8.5 
2 000 9.0 10.0 
2 500 10.5 9.5 
3 000 11.5 9.5 
3 150 11.5 10.0 
4 000 12.0 11.5 
5 000 11.0 14.5 
6 000 16.0 17.0 
6 300 21.0 18.5 
8 000 15.5 28.5 

�CO�ล>�Oล>#BN��/�หC�ั� R!N#>�B Sennheiser HDA 280 
O#��� 4.5 N ±0.5 N 5.3 N ±0.5 N 

ห!@"Nห�B คN@Q��@#@�N�็�คN@�?P�ั�QหOQ�ลO�?� 0.5 dB 
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�@#@��?P ค.2 O2��คN@ reference equivalent threshold sound pressure levels (RETSPLs)  
 2O@ห#?�หCN�?"!��>�/>คC2�>�ค?�N�/#์ (acoustic coupler)  
  �@!!@�#�@� IEC 60318-3 �/�หC�ั���>��?P�O@ห�� (/O@�/>��@� ISO 389-1:2017) 
 

frequency 
(Hz) 

RETSPL  

dB  (reference : 20 ýPa) 
125 47.5 45.0 47.5 38.5 47.5 
160 40.5 37.5  33.5 40.5 
200 34.0 31.5  29.0 33.5 
250 28.5 25.5 26.5 24.5 27.0 
315 23.0 20.0  20.5 22.5 
400 18.5 15.0  16.5 17.5 
500 14.5 11.5 13.5 13.0 13.0 
630 11.5 8.5  9.5 9.0 
750 9.5 7.5 8.5 7.0 6.5 
800 9.0 7.0  7.0 6.5 

1 000 8.0 7.0 7.5 7.0 6.0 
1 250 7.5 6.5  8.0 7.0 
1 500 7.5 6.5 7.5 9.5 8.0 
1 600 7.5 7.0  9.0 8.0 
2 000 8.0 9.0 11.0 8.0 8.0 
2 500 7.0 9.5  7.5 8.0 
3 000 6.0 10.0 9.5 7.5 8.0 
3 150 6.0 10.0  8.0 8.0 
4 000 5.5 9.5 10.5 10.5 9.0 
5 000 7.0 13.0  16.0 13.0 
6 000 8.0 15.5 13.5 20.5 20.5 
6 300 9.0 15.0  20.0 19.0 
8 000 14.5 13.0 13.0 16.5 12.0 

�CO�ล>�Oล>#BN�
�/�หC�ั� 

Beyer DT48 
with flat 
cushion 

Telephonics 
TDH 39 

with MX41/AR 
(or model 

51 cushion) 

Telephonics 
TDH 49/50 

Sennheiser 
HDA 280 

RadioEar 
DD 45 

O#��� 4.5 N±0.5 N 4.5 N±0.5 N 4.5 N±0.5 N 5.3 N±0.5 N 4.5 N±0.5 N 

ห!@"Nห�B คN@�?P/"CQ��@#@�N�็�คN@�?P�ั��@Q� 0.5 dB 
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 @ค(%/� � คN@#> ?&/O@�/>�2ํ@ห#?&N2?"�ล/� (masking noise) 
 

�@#@�O2��#>�?�/O@�/>� (reference level) 2O@ห#?�N2?"�ล/� (masking noise) 
 

center frequency (Hz) 
reference levels for bandwidth (dB) 

one-third octave one-half octave 
125 4 4 
160 4 4 
200 4 4 
250 4 4 
315 4 4 
400 4 5 
500 4 6 
630 5 6 
750 5 7 
800 5 7 

1 000 6 7 
1 250 6 8 
1 500 6 8 
1 600 6 8 
2 000 6 8 
2 500 6 8 
3 000 6 7 
3 150 6 7 
4 000 5 7 
5 000 5 7 
6 000 5 7 
6 300 5 6 
8 000 5 6 

 
ห!@"Nห�B  
- คN@#>�?�/O@�/>� (reference level) �?�O2��Q��@#@�R�O!@�@�!@�#�@� ISO 389-4 : 1994 (Table 1) 
- �@#�>�@#�@NลA/�คN@�?P�>�O@R�Q�O QหO�>�@#�@2!�?�>�@�N�ค�>ค�/�Nค#AP/��#/�2!##� @��@#R�O">� Q�

ห?/�O/ bandwidth �/�2?ญญ@���>�N2?"�ล/� /N@#>�BN�็� one-third octave ห#A/ one half octave 
 
 



- 29 - 
�!/. 2�2:2566 

 

 
 

 @ค(%/� � �@#'#>N!>%คN@ค/@!R!NO%N%/%�/��@#/?  
 

�@#�#>N!>�คN@ค/@!R!NO�N�/��/��@#/?�Q�O�Nล>หO/���>�?�>�@# /@�!?�@#�#>N!>��?P
O���N@��?��@Q��?��ั��?"�/�หO/���>�?�>�@# �?��?Q� �@#�#>N!>�คN@ค/@!R!NO�N�/��/��@#/?�Q�หล?�N���์
!@�#�@���?��?Q �@�N�็�N�?"��O/O�>�O@N�AP/Q�ON�็�O�/�@��@#คO@�/�N�N@�?Q�  

Q��@#�#>N!>�คN@ค/@!R!NO�N�/��/��ล�@#/?� ค/#!?/�ค์�#>�/�/"N@��O/"�?��?Q 
(1) คN@ค/@!R!NO�N�/�N�AP/��@�ค/@!2@!@#�Q��@#/?��QO@ (repeatability) 
(2) คN@ค/@!R!NO�N�/�N�AP/��@�Nค#AP/�!A//?�!@�#�@� 
(3) คN@ค/@!R!NO�N�/�N�AP/��@�ค/@!ล>N/?"�Q��@#/N@� (resolution) 
(4) คN@ค/@!R!NO�N�/�N�AP/��@�/B�ห C!>O/�ลO/! 
(5) คN@ค/@!R!NO�N�/�N�AP/��@�ค/@!�?��##"@�@0 
(6) คN@ค/@!R!NO�N�/�N�AP/��@��@#�/�2�/�ค/@!�?P�/�R!Pค#P�� 
(7) คN@ค/@!R!NO�N�/�N�AP/��@�คN@ค/@!R!NO�N�/��/��@#�/�2�/�ค/@!�?P�/�R!Pค#P�� 

 
!?//"N@�/�ค'์#>�/&ค/@!R!NO%N%/%�/��@#/? Q%�@#2/&N#?"& 
1. !?//"N@�/�ค์'#>�/&ค/@!R!NO%N%/%�/��@#/? Q%�@#2/&N#?"&ค/@!"?N ý� �  �ý��� � ÿ���_��� � ÿ���_��� � ÿ���� � ý��� 

P�"�?P ý�           คA/คN@N�?P"�N���/�ค/@!�?P�?P/?�R�O�@�คN@�?P�#?��?Q���Nค#AP/��#/�2!##� @��@#R�O">�  
 ý���     คA/ค/@!�?P�?P/?�R�O�@�Nค#AP/�!A//?�!@�#�@� 
 ÿ���_���   คA/ค/@!คล@�NคลAP/�N�AP/��@�Nค#AP/�!A//?�!@�#�@� 
 ÿ���_���   คA/ค/@!คล@�NคลAP/�N�AP/��@�คN@ค/@!ล>N/?"�Q��@#/N@�  
 ÿ���   คA/ค/@!คล@�NคลAP/�N�AP/��@�ค/@!2@!@#�Q��@#�#>�O@�QO@ 
 ý���   คA/ค/@!�?P�?P�?Q���Nค#AP/��#/�2!##� @��@#R�O">� 

 
(1) คN@ค/@!R!NO%N%/%N%AN/��@�ค/@!2@!@#"Q%�@#/? �Oํ@  
 �@#O��O��O�����> (normal distribution) �/��O/!Cล O��คN@ค/@!R!NO�N�/�

!@�#�@�N�็�  ÿ��� ÿ���  �   ý�ý��√ÿ  

P�"�?P  n   คA/ �O@�/��O/!Cล�/��ล�@#/?��QO@ (3 ค#?Q�) 
 ý�ý��     คA/ 2N/�N�?P"�N��!@�#�@� (standard deviation) �/��ล�@#/?��QO@ 3 ค#?Q�2@!@#�คO@�/� 
                    R�O�@!2!�@#�?��?Q  

ý�ý��  �   ��ý� � ý̅�� " �ý� � ý̅�� " �ý� � ý̅��ÿ � 1  

P�"�?P   ý� คA/ค/@!�?P�?P/N@�R�O�@�Nค#AP/�!A//?�!@�#�@�Q�O�Nล>ค#?Q� (Hz)  
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   ý̅ คA/คN@N�ล?P"�/��ล�@#/?� 3 ค#?Q� 2@!@#�คO@�/�R�O�@!2!�@#�?��N/R��?Q ý̅  �   ý� " ý� " ý�3  

�?//"N@�  คN@ค/@!�?P�?P/?�R�O�@�Nค#AP/�!A//?�!@�#�@� �O@�/� 3 คN@ R�OO�N 250.1 Hz  250.3 Hz  Oล>  
250.5 Hz 2N/�N�?P"�N��!@�#�@�N�N@�?� 0.20 Hz �@#O��O��O�����>�/��O/!Cล ห@#�O/" √ÿ  �?��?Q� ÿ���_���   �   0.20√3    �     0.1155   ÿÿ 

 
(2) คN@ค/@!R!NO%N%/%#?NN�> �@�Nค#AN/�!A//? !@!#�@% �>�@#�@�@�คN@ค/@!�C��O/� 

(accuracy) �/�Nค#AP/�/?�ค/@!�?P �@!�?P�CO�ล>��O@ห��R/OQ��O/!Cล�@�N�ค�>ค  
 �@#O��O���O/!CลN�็�O��2?PNหล?P"!!B!�@� (rectangular distribution) 

�?//"N@� �ล�@#/?��@��?//"N@��O@��O� คN@N�ล?P"�/��ล�@#/?�ค/@!�?P 3 ค#?Q� คA/ 250.3 Hz Oล>�O/!Cล�@� 
N�ค�>ค (specification) �?P#>�BR/OQ�หล?�N���์!@�#�@��?Q !?คN@ค/@!�C��O/��/��@#/?�ค/@!�?P คA/  ±0.3%  
�@#O��O���O/!CลN�็�O��2?PNหล?P"!!B!�@� �@�ห@#�O/"  √3 

�?��?Q� 

ÿ���_���    �    �0.3 � 250.3100 �√3    �   0.4335 ÿÿ  
 
(3) คN@ค/@!R!NO%N%/%�/�ค/@!ล>N/?" Q%�@#/N@% �>�@#�@�@�ค/@!2@!@#��?P�?

�?P2B�Q��@#/N@�คN@�@�Nค#AP/�!A//?�  
 �@#O��O���O/!CลN�็�O��2?PNหล?P"!!B!�@�   

�?//"N@�  ค/@!2@!@#�Q��@#/N@�คN@ค/@!�?P�?P�?Q�R/O��Nค#AP/��#/�2!##� @��@#R�O">��?Pค/@!�?P 250 Hz คA/ 
0.1 Hz �@#O��O���O/!CลN�็�O��2?PNหล?P"!!B!�@� �@�ห@#�O/" 2√3    
 �?��?Q� ÿ���_���   �   0.12√3    �     0.0289   ýý 

�O@คN@ค/@!R!NO�N�/�!@�#�@� (standard uncertainty) �?PR�O�@�OหลN�ค/@!R!NO�N�/��?Q�ห!� !@
#/!�?� N#?"��ล#/!�?Q/N@ค/@!R!NO�N�/�!@�#�@�#/! (combined standard uncertainty) 2@!@#�คO@�/�
R�O�@�2!�@#�?��?Q ÿ�  �   �ÿ���� " ÿ���_���� "ÿ���_����  ÿ�  �   �0.1155� " 0.4335�"0.0289�   �    0.45   ÿÿ   

ห@คN@ effective degree of freedom �ÿ���� N�AP/�O@R�ห@คN@ k (coverage factor) �O/"�@#
N�ิ��@#@� t-student P�"�>�@#�@�@�#>�?�ค/@!N�AP/!?P� (confident level) Q��@#2/�N�?"� คN@ effective 
degree of freedom 2@!@#�คO@�/�R�O�@�2!�@#�?��?Q 
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ÿ��� �  ÿ��ÿ����ÿ� " ÿ���_���� ÿ� " ÿ���_���� ÿ�
  

ÿ��� �  0.45�0.1155�3 � 1 " 0.4335�∞ " 0.0289�∞   �     460   
P�"�?P ÿ�  คA/ /�0@N2#? (degree of freedom) !?คN@N�N@�?��O@�/��O/!Cลล��O/" 1 (n-1) 2O@ห#?�คN@ค/@!R!N

O�N�/�!@�#�@��?PR�O!@�@��@#�#>N!>�O�� Type A Oล>!?คN@N�N@�?�/�?��์ (infinity) 
2O@ห#?�คN@ค/@!R!NO�N�/�!@�#�@��?PR�O!@�@��@#�#>N!>�O�� Type B   

 ห@คN@ค/@!R!NO�N�/��"@" (expanded uncertainty) คO@�/�R�OP�"�O@คN@ค/@!R!NO�N�/�
!@�#�@�#/!!@คC��?�คN@ k �@P��@Q��?�#>�?�ค/@!N�AP/!?P�Q��@#2/�N�?"� Q��ั��B�?�หO/���>�?�>�@#2N/�QหญN
!?�@#�#>N!>�คN@ค/@!R!NO�N�/��O/"#>�?�ค/@!N�AP/!?P��#>!@� 95% �O/"�@#N�ิ��@#@� t-student �>R�O
คN@ k N�N@�?�  2  ý�  �   ý � ÿ�   =  2 x 0.4496 Hz    =    0.90  Hz 
 
�?//"N@� �@#@� uncertainty budget �/�ค/@!�?P�?P�?Q�R/O��Nค#AP/��#/�2!##� @��@#R�O">� 250 Hz  

 
�?��?Q�  ý��%�   �    ý��ÿÿ� � 100ý����ÿÿ�  

 
�?//"N@�N�N� ค/@!�?P�?P�?Q�R/O��Nค#AP/��#/�2!##� @��@#R�O">� 250 Hz ý��%�   �    0.90 � 100250     � 0.36 % 

 
 

symbol source of uncertainty 
value 
(Hz) 

probability 
distribution 

divisor ÿ� ÿ� 
(Hz) 

degree of 
freedom ÿ���_��� ค/@!�C��O/��/�Nค#AP/�!A//?� 0.7509 rectangular √3 1 0.4335  ÿ���_��� ค/@!ล>N/?"��/��@#/N@�คN@ 0.1 rectangular 2√3 1 0.0289  ÿ��� �@#/?��QO@ 0.20

0 
normal √3 1 0.1155 2 

ÿ� ค/@!R!NO�N�/�!@�#�@�#/!  normal   0.45 460 ý� ค/@!R!NO�N�/��"@"  normal (k=2)   0.90 460 
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2. !?//"N@�/�ค์'#>�/&ค/@!R!NO%N%/%�/��@#/? Q%�@#2/&N#?"&#> ?&ค/@! ?%
N2?"� ÿÿ�  �  �ÿÿÿ � ÿ���_��� � ÿ���_��� � ÿ���_� � ÿ���_� � ÿ���_�� � ÿ���_��� � ÿ����                 �ýýÿÿÿÿ � ÿÿ��� 
P�"�?P ÿÿ� คA/ คN@N�?P"�N���/�#>�?��@#R�O">��?P/?�R�O�@�คN@�?P�#?��?Q���Nค#AP/��#/�2!##� @� 
    �@#R�O">�  
 ÿÿÿ คA/ #>�?�ค/@!�?�N2?"��?P/?�R�O�@�Nค#AP/�!A//?�!@�#�@�  
 ÿ���_��� คA/ ค/@!คล@�NคลAP/�N�AP/��@�Nค#AP/�!A//?�!@�#�@� 
 ÿ���_���  คA/ ค/@!คล@�NคลAP/�N�AP/��@�คN@ค/@!ล>N/?"��/��@#/N@�  
 ÿ���_� คA/ ค/@!คล@�NคลAP/�N�AP/��@�/B�ห C!>O/�ลO/! 
 ÿ���_�  คA/ ค/@!คล@�NคลAP/�N�AP/��@�ค/@!�?��##"@�@0   
 ÿ���_��  คA/ ค/@!คล@�NคลAP/�N�AP/��@��@#�/�2�/�ค/@!�?P�/�R!Pค#P�� 
 ÿ���_���  คA/ ค/@!คล@�NคลAP/�N�AP/��@�คN@ค/@!R!NO�N�/��/��@#�/�2�/�ค/@!�?P�/�R!Pค#P�� 
 ÿ���  คA/ ค/@!คล@�NคลAP/�N�AP/��@�ค/@!2@!@#�Q��@#�#>�O@�QO@ 
 ýýÿÿÿÿ คA/ คN@�ล@��/�#>�?�ค/@!�?�N2?"��?PหC!�B1 "์ N#>P ! R�O">�  ( reference equivalent  
   threshold sound pressure level) Q�หC N�?"!คCN�?�หC �ั�#BN��?P Q�O#N/!�?�Nค#AP/��#/� 
    2!##� @��@#R�O">� 
 ÿÿ��� คA/ #>�?��@#R�O">��?P�?Q���Nค#AP/��#/�2!##� @��@#R�O">� 
 

(1) คN@ค/@!R!NO%N%/%N%AN/��@�ค/@!2@!@#"Q%�@#/? �Oํ@   
�@#O��O��O�����>�/��O/!Cล  ÿ���  �   ý�ý��√3  

P�"�?P ý�ý�� คA/คN@2N/�N�?P"�N��!@�#�@��/��O/!Cล�?P�O@�@#/?��QO@ 3 ค#?Q� คO@�/�R�O�@!2!�@#�?��?Q  

ý�ý��  �   ��ý� � ý̅�� " �ý� � ý̅�� " �ý� � ý̅��ÿ � 1  

P�"�?P ý� คA/ #>�?�ค/@!�?�N2?"��?P/N@�R�O�@�Nค#AP/�!A//?�!@�#�@�Q�O�Nล>ค#?Q� (dB)  
 ý̅ คA/ คN@N�ล?P"�/��ล�@#/?��?Q� 3 ค#?Q� คO@�/�R�O�@!2!�@#�?��N/R��?Q ý̅  �   ý� " ý� " ý�ÿ  ÿ   คA/ �O@�/��O/!Cล�?P�O@�@#/?��QO@ (3 ค#?Q�) 
�?//"N@�  #>�?�ค/@!�?�N2?"��?P/?�R�O�@�Nค#AP/�!A//?�!@�#@�@� �O@�/� 3 คN@ R�OO�N 96.5 dB  96.4 dB  Oล> 
96.5 dB คN@N�?P"�N��!@�#�@�N�N@�?� 0.058 dB �@#O��O��O�����>�/��O/!Cล ห@#�O/" √ÿ  
 �?��?Q� ÿ���   �   0.058√3    �     0.0333   ýý 
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(2) คN@ค/@!R!NO%N%/%#?NN�> �@�Nค#AN/�!A//? !@!#�@% 2@!@#��>�@#�@�@�คN@
ค/@!�C��O/��/�Nค#AP/�/?�#>�?�ค/@!�?�N2?"��@!�?P�CO�ล>��O@ห��R/OQ��O/!Cล�@�N�ค�>ค  

 �@#O��O���O/!CลN�็�O��2?PNหล?P"!!B!�@�  
�?//"N@�  �O/!Cล�@�N�ค�>ค�?P#>�BR/OQ�หล?�N���์!@�#�@��?Q !?คN@ค/@!�C��O/��/��@#/?�#>�?�ค/@!�?�N2?"� 
คA/  ñ 0.5 dB �@#O��O���O/!CลN�็�O��2?PNหล?P"!!B!�@� �@�ห@#�O/" √3 

�?��?Q� ÿ���_���   �   0.5√3    �     0.2887   ýý 

 
(3) คN@ค/@!R!NO%N%/%�/�ค/@!ล>N/?" Q%�@#(N@% �>�@#�@�@�ค/@!2@!@#��?P�?

�?P2B�Q��@#/N@�คN@�@�Nค#AP/�!A//?�  
 �@#O��O���O/!CลN�็�O��2?PNหล?P"!!B!�@�  

�?//"N@� ค/@!2@!@#�Q��@#/N@�#>�?�ค/@!�?�N2?"�คA/ 0.1 dB �@#O��O���O/!CลN�็�O��2?PNหล?P"!!B!�@� 
�@�ห@#�O/" 2√3 

�?��?Q� ÿ���_���   �   0.12√3    �     0.0289   ýý 

 
(4) คN@ค/@!R!NO%N%/%N%AN/��@�/B�ห C!>O/ ลO/! �>�@#�@�@�คN@2?!�#>2>��>N

/B�ห C!> (temperature coefficient) �@P�#>�BR/OQ�Q�#@"�@��ล�@#2/�N�?"�R!Pค#P��!@�#�@�ห#A/ห@
�O/!Cล�@��CO�ล>� P�"�>�#>N!>�N�็�คN@N�?P"�N���/�/B�ห C!>��>�?P�O@�@#/?��@�/B�ห C!>/O@�/>� (reference 

temperature) คA/ 23 ðC �/��@��?Q�>�O/��>�@#�@/�ค์�#>�/�/AP� N �?PN�?P"/�O/�#N/!�O/" P�"2#B�คN@
ค/@!R!NO�N�/�N�AP/��@�/B�ห C!> !?2N/��#>�/��?��?Q     
- ค/@!N�?P"�N���/�/B�ห C!>��>�?P�O@�@#/?��@�/B�ห C!>/O@�/>� (23 ðC) �ÿ���_�_��� �>�@#�@�@�

/B�ห C!>��>�?P�O@�@#/?�ห#A//@�Q�OคN@N�?P"�N��2C�2B��/�/B�ห C!>�?PหO/���>�?�>�@#ค/�คB! 
- ค/@!�C��O/��/�คN@2?!�#>2>��>N/B�ห C!> �ÿ���_�_����� �O/!Cล2@!@#�ห@R�O�@��CO�ล>�  
- ค/@!�C��O/��/�Nค#AP/�!A//?�/B�ห C!> �ÿ���_�_���� �>�@#�@�@�2!�?�>�@�N�ค�>ค�/�Nค#AP/�!A/ 
- ค/@!ล>N/?"�Q��@#/N@�คN@/B�ห C!>�/�Nค#AP/�/?�/B�ห C!> �ÿ���_�_����  

�@#O��O���O/!CลN�็�O��2?PNหล?P"!!B!�@�  
�?//"N@��?P 1  �@#�#>N!>�คN@ค/@!R!NO�N�/�N�AP/��@�ค/@!N�?P"�N���/�/B�ห C!>��>�?P�O@�@#/?��@�
/B�ห C!>/O@�/>��ÿ���_�_��� หO/���>�?�>�@#!?�@#ค/�คB!/B�ห C!>�/�หO/���>�?�>�@#�?P (23±3) ðC Oล>คN@
2?!�#>2>��>N/B�ห C!>�?Pค/@!�?P 1 kHz !?คN@N�N@�?� 0.0014 dB/ðC �@#O��O���O/!CลN�็�O��2?PNหล?P"!!B!�@� 
�@�ห@#�O/" √3   
 �?��?Q� ÿ���_�_��   �    �ÿ����ÿ���� � ÿ����√3      ÿ���_�_��   �    3 � 0.0014√3     �   0.0024   ýý 
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P�"�?P  ÿ���   คA//B�ห C!>O/�ลO/!��>�?P�O@�@#/?� (ðC) 

 ÿ���    คA//B�ห C!>/O@�/>� N�N@�?� 23 ðC  

 ÿ����    คA/2?!�#>2>��>N/B�ห C!>�/�R!Pค#P�� (dB/ðC) 
 
�?//"N@��?P 2 �@#�#>N!>�ค/@!�C��O/��/�คN@2?!�#>2>��>N/B�ห C!> �ÿ���_�_����� 2!!B�>QหO#>�?�ค/@!
�C��O/��/�คN@2?!�#>2>��>N/B�ห C!>!?คN@N�N@�?� ±20%  หO/���>�?�>�@#ค/�คB!/B�ห C!>�?P (23±3) ðC �@#O��
O���O/!CลN�็�O��2?PNหล?P"!!B!�@� �@�ห@#�O/" √3 

�?��?Q� ÿ���_�_����   �    �ýýýÿÿÿýÿ � ÿ����� � �ÿ��� � ÿ����√3  

ÿ���_�_����   �    � 20100 � 0.0014� � 3√3    �    0.00049   ýý 

P�"�?P  ÿ����     คA/2?!�#>2>��>N/B�ห C!>�/�R!Pค#P�� (dB/ðC) 

 ÿ���  คA//B�ห C!>O/�ลO/!��>�?P�O@�@#/?� (ðC) 

           ÿ���     คA//B�ห C!>/O@�/>� N�N@�?� 23 ðC  
 
�?//"N@��?P 3 �@#�#>N!>�คN@ค/@!R!NO�N�/�N�AP/��@�ค/@!�C��O/��/�Nค#AP/�!A//?�/B�ห C!> �ÿ���_�_����  
2!!B�>QหO#>�?�ค/@!�C��O/��/�Nค#AP/�/?�/B�ห C!>N�N@�?� ±0.3 ðC Oล>2?!�#>2>��>N/B�ห C!>N�N@�?� 0.001 

dB/ðC  �@#O��O���O/!CลN�็�O��2?PNหล?P"!!B!�@� �@�ห@#�O/" √3 
�?��?Q� ÿ���_�_���  �°ý�      �    0.3√3   �   0.1732 °ÿ ÿ���_�_���  �ýý�    �    ÿ���_�_���  �°ÿ�  � ÿ�����   ÿ���_�_���  �ýý�    �    0.1732 � 0.0014   �    0.00024 ýý   

 
�?//"N@��?P 4 �@#�#>N!>�คN@ค/@!R!NO�N�/�N�AP/��@�ค/@!ล>N/?"��/�2N/�O2��คN@/B�ห C!>�/�Nค#AP/�/?�
/B�ห C!> �ÿ���_�_��� � 2!!B�>QหO!?คN@N�N@�?� 0.1 ðC Oล>2?!�#>2>��>N/B�ห C!>N�N@�?� 0.0014 dB/ðC  
�@#O��O���O/!CลN�็�O��2?PNหล?P"!!B!�@� �@�ห@#�O/"  2√3 

�?��?Q� ÿ���_�_����°ÿ�   �   0.12√3    �    0.0289 °ÿ ÿ���_�_����ýý�   �   ÿ���_�_��� �ýý� �   ÿ�����   ÿ���_�_����ýý�   �   0.0289 �  0.0014    �    0.00004 ýý   
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�?��?Q� คN@ค/@!R!NO�N�/�N�AP/��@�/B�ห C!>O/�ลO/! �>!?คN@N�N@�?�/�ค์�#>�/��?Q�ห!�#/!�?� 

 ÿ���_�   �   �ÿ���_�_��� " ÿ���_�_����� " ÿ���_�_���� " ÿ���_�_����  

 ÿ���_�   �   √0.0024� " 0.00049� " 0.00024� " 0.00004�   �    0.0025 ýý 
 
(5) คN@ค/@!R!NO%N%/%N%AN/��@�ค/@! ?%&##"@�@0 �>�@#�@�@�คN@2?!�#>2>��>N 

ค/@!�?� (pressure coefficient) �@P�#>�BR/OQ�Q�#@"�@��ล�@#2/�N�?"�R!Pค#P��!@�#�@�ห#A/ห@�O/!Cล
�@��CO�ล>� P�"�>�#>N!>�N�็�คN@N�?P"�N���/�/B�ห C!>��>�?P�O@�@#/?��@�ค/@!�?�/O@�/>� (reference 
pressure) คA/ 101.32 kPa �/��@��?Q�>�O/��>�@#�@/�ค์�#>�/�/AP� N �?PN�?P"/�O/�#N/!�O/" P�"2#B� 
คN@ค/@!R!NO�N�/�N�AP/��@�ค/@!�?� !?2N/��#>�/��?��?Q     
- ค/@!N�?P"�N���/�ค/@!�?��##"@�@0��>�?P�O@�@#/?��@�ค/@!�?��##"@�@0/O@�/>� (101.32 kPa) �ÿ���_�_���  �>�@#�@�@�ค/@!�?��##"@�@0��>�?P�O@�@#/?�ห#A//@��>Q�OคN@N�?P"�N��2C�2B��/�ค/@!

�?��##"@�@0�?PหO/���>�?�>�@#ค/�คB! 
- ค/@!�C��O/��/�คN@2?!�#>2>��>Nค/@!�?� �ÿ���_�_�����  �O/!Cล2@!@#�ห@R�O�@��CO�ล>�  
- ค/@!�C��O/��/�Nค#AP/�!A//?�ค/@!�?� �ÿ���_�_���� �>�@#�@�@�2!�?�>�@�N�ค�>ค�/�Nค#AP/�!A/ 
- ค/@!ล>N/?"�Q��@#/N@�คN@ค/@!�?��##"@�@0�/�Nค#AP/�/?�ค/@!�?� �ÿ���_�_����   

�@#O��O���O/!CลN�็�O��2?PNหล?P"!!B!�@�  
�?//"N@��?P 1 �@#�#>N!>�คN@ค/@!R!NO�N�/�N�AP/��@�ค/@!N�?P"�N���/�ค/@!�?��##"@�@0��>�?P�O@�@#/?�
�@�ค/@!�?��##"@�@0/O@�/>� �ÿ���_�_��� หO/���>�?�>�@#!?�@#ค/�คB!ค/@!�?��##"@�@0�/�
หO/���>�?�>�@#�?P (101.32±1.5) kPa Oล>คN@2?!�#>2>��>Nค/@!�?��?Pค/@!�?P 1kHz !?คN@N�N@�?� 0.0051 dB/kPa 
�@#O��O���O/!CลN�็�O��2?PNหล?P"!!B!�@� �@�ห@#�O/" √3 

�?��?Q� ÿ���_�_��   �   �ÿ��� � ÿ���� � ÿ����√3  

ÿ���_�_��   �   1.5 � 0.0051√3    �    0.0044  ýý 

P�"�?P  ÿ���  คA/ค/@!�?��##"@�@0��>�?P�O@�@#/?� (kPa)  
 ÿ���     คA/ค/@!�?��##"@�@0/O@�/>� (kPa)  
 ÿ����     คA/2?!�#>2>��>Nค/@!�?��/�R!Pค#P�� (dB/kPa) 
 
�?//"N@��?P 2 �@#�#>N!>�ค/@!�C��O/��/�คN@2?!�#>2>��>Nค/@!�?�  �ÿ���_�_����� 2!!B�>QหO#>�?�ค/@!
�C��O/��/�คN@2?!�#>2>��>Nค/@!�?�!?คN@N�N@�?� ± 1.5 kPa หO/���>�?�>�@#ค/�คB!ค/@!�?��?P (101.32±1.5) 
kPa  �@#O��O���O/!CลN�็�O��2?PNหล?P"!!B!�@� �@�ห@#�O/" √3  

�?��?Q� ÿ���_�_����   �    �ýýýÿÿÿýÿ � ÿ����� � �ÿ��� � ÿ����√3  
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ÿ���_�_����   �    � 20100 � 0.0051� � 1.5√3    �     0.00088   ýý 

P�"�?P ÿ����     คA/2?!�#>2>��>Nค/@!�?��/�R!Pค#P�� (dB/kPa) 
 ÿ���  คA/ค/@!�?��##"@�@0��>�?P�O@�@#/?� (kPa) 
 ÿ���     คA/ค/@!�?�/O@�/>�N�N@�?� 101.32 kPa  
 
�?//"N@��?P 3 �@#�#>N!>�คN@ค/@!R!NO�N�/�N�AP/��@�ค/@!�C��O/��/�Nค#AP/�!A//?�ค/@!�?� �ÿ���_�_���� 
2!!B�>QหO#>�?�ค/@!�C��O/��/�Nค#AP/�/?�ค/@!�?�N�N@�?� ±0.5 kPa Oล>2?!�#>2>��>Nค/@!�?�N�N@�?� 0.0051 
dB/kPa �@#O��O���O/!CลN�็�O��2?PNหล?P"!!B!�@� �@�ห@#�O/" √3 

�?��?Q� ÿ���_�_���   �ýÿÿ�    �      0.5√3     �    0.2887  ýÿÿ ÿ���_�_���   �ýý�      �       ÿ���_�_����ýÿÿ� � ÿ����     ÿ���_�_���   �ýý�      �       0.2887 � 0.0051   �    0.0015    ýý     
 
�?//"N@��?P 4 �@#�#>N!>�คN@ค/@!R!NO�N�/�N�AP/��@�ค/@!ล>N/?"�Q��@#/N@�คN@ค/@!�?��/�Nค#AP/�/?�ค/@!
�?� �ÿ���_�_���� 2!!B�>QหO!?คN@N�N@�?� 0.01 kPa Oล>2?!�#>2>��>Nค/@!�?�N�N@�?� 0.0051 dB/kPa �@#O��
O���O/!CลN�็�O��2?PNหล?P"!!B!�@� �@�ห@#�O/" 2√3  

�?��?Q� ÿ���_�_���   �ýÿÿ�    �      0.012√3     �    0.00289  ýÿÿ ÿ���_�_���   �ýý�      �       ÿ���_�_��� �ýÿÿ� � ÿ����     ÿ���_�_���   �ýý�      �       0.00289 � 0.0051   �     0.000015  ýý     
�?��?Q�คN@ค/@!R!NO�N�/�N�AP/��@�ค/@!�?��##"@�@0 �>!?คN@N�N@�?�/�ค์�#>�/��?Q�ห!�#/!�?� 

 ÿ���_�   �   �ÿ���_�_��� " ÿ���_�_����� " ÿ���_�_���� " ÿ���_�_����  

 ÿ���_�   �   √0.0044� " 0.00088� " 0.00147� " 0.000015�   �    0.0047  ýý 
 
(6) คN@ค/@!R!NO%N%/%N%AN/��@��@#!/&2%/�ค/@!"?N�/�R!Pค#P�% �>�@#�@�@�

คN@N�?P"�N���/��@#�/�2�/�ค/@!�?P�?P2�Q��@�ค/@!�?P/O@�/>� คA/ 250 Hz (frequency response relative 
to 250 Hz) 2@!@#��CR�O�@�Q�#?�#/��@#2/�N�?"�R!Pค#P��  

 �@#O��O���O/!CลN�็�O��2?PNหล?P"!!B!�@�  
�?//"N@� คN@ค/@!N�?P"�N���/��@#�/�2�/�ค/@!�?P 1 kHz !?คN@N�N@�?� 0.2 dB �@#O��O���O/!CลN�็�O��
2?PNหล?P"!!B!�@� �@�ห@#�O/" √3  

�?��?Q� 
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ÿ���_��    �      0.2√3     �    0.1155    ýý 

 
(7) คN@ค/@!R!NO%N%/%N%AN/��@�คN@ค/@!R!NO%N%/%�/��@#!/&2%/�ค/@!"?N�/�

R!Pค#P�% คN@R�O!@�@�ค/@!R!NO�N�/��/�คN@N�?P"�N���?PR�O�@��@#2/�N�?"�  
 �@#O��O���O/!CลN�็�O�����>  

�?//"N@�  คN@ค/@!R!NO�N�/��/��@#/?��?Pค/@!�?P 1kHz !?คN@N�N@�?� 0.1 dB N�็�คN@ค/@!R!NO�N�/��"@" �@P�!?
#>�?�ค/@!!?P�Q� 95% คN@ k = 2 �@#O��O���/��O/!CลN�็�O�����> ห@#คN@ k=2 

�?��?Q� ÿ���_���    �      0.12     �    0.05    ýý 

�O@คN@ค/@!R!NO�N�/�!@�#�@��?PR�O�@�OหลN�ค/@!R!NO�N�/��?Q�ห!�!@#/!�?� N#?"��ล#/!�?Q/N@
ค/@!R!NO�N�/�!@�#�@�#/! 2@!@#�คO@�/�R�O�@�2!�@#�?��?Q ÿ�  �   �ÿ���� " ÿ���_���� "ÿ���_���� "ÿ���_�� "ÿ���_�� "ÿ���_��� "ÿ���_����  ÿ�  �   �0.0333� " 0.2887�"0.0289�"0.00249�"0.00474�"0.1155�"0.05�   ÿ�  �   0.32  ýý  
 ห@คN@ effective degree of freedom (þeff) N�AP/�O@R�ห@คN@ k �O/"�@#N�ิ��@#@� t-student P�"
�>�@#�@�@�#>�?�ค/@!N�AP/!?P�Q��@#2/�N�?"�  คN@ effective degree of freedom 2@!@#�คO@�/�R�O�@�
2!�@#�?��?Q ÿ���   �  ÿ��ÿ����ÿ� " ÿ���_���� ÿ� " ÿ���_���� ÿ� " ÿ���_��ÿ� " ÿ���_��ÿ� " ÿ���_���ÿ� " ÿ���_��� ÿ�

  
ÿ���   �  0.32�0.0333�3 � 1 " 0.2887�∞ " 0.0289�∞ " 0.00249�∞ " 0.00474�∞ " 0.1155�∞ " 0.058�∞      
ÿ���   �    16846 

P�"�?P ÿ� � คA//�0@N2#? !?คN@N�N@�?��O@�/��O/!Cลล��O/" 1 (n-1) 2O@ห#?�คN@ค/@!R!NO�N�/�!@�#�@��?P
R�O!@�@��@#�#>N!>�O�� Type A Oล>!?คN@N�N@�?�/�?��์ 2O@ห#?�คN@ค/@!R!NO�N�/�
!@�#�@��?PR�O!@�@��@#�#>N!>�O�� Type B   

 ห@คN@ค/@!R!NO�N�/��"@" คO@�/�R�OP�"�O@คN@ค/@!R!NO�N�/�!@�#�@�#/!!@คC��?�คN@ k  �@P�
�@Q��?�#>�?�ค/@!N�AP/!?P�Q��@#2/�N�?"� Q��ั��B�?�หO/���>�?�>�@#2N/�QหญN!?�@#�#>N!>�คN@ค/@!R!NO�N�/�
�O/"#>�?�ค/@!N�AP/!?P��#>!@� 95% �O@�@#N�ิ��@#@� t-student �>R�OคN@ k N�N@�?�  2  

�?��?Q�  ý�   �    ý � ÿ�    �    2 � 0.32 ýý    �    0.64    ýý 
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�?//"N@� �@#@� uncertainty budget �/�#>�?�ค/@!�?�N2?"��?Pค/@!�?P 1 kHz  

 

3. !?//"N@�/�ค'์#>�/&ค/@!R!NO%N%/%�/��@#/? Q%�@#2/&N#?"&#> ?&N2?"�ล/� ýý�  �  �ÿÿÿ � ÿ���_��� � ÿ���_��� � ÿ���_� � ÿ���_� � ÿ���_�� � ÿ���_��� � ÿ����                 �ýýÿÿÿÿ � ýÿÿ. ÿÿÿÿý � ýý��� 
P�"�?P ýý� คA/ คN@N�?P"�N���/�#>�?�N2?"�ล/��?P/?�R�O�@�คN@�?P�#?��?Q���Nค#AP/��#/�2!##� @� 

�@#R�O">�  
 ÿÿÿ  คA/ #>�?�ค/@!�?�N2?"��?P/?�R�O�@�Nค#AP/�!A//?�!@�#�@�  
 ÿ���_��� คA/ ค/@!คล@�NคลAP/�N�AP/��@�Nค#AP/�!A//?�!@�#�@� 
 ÿ���_���  คA/ ค/@!คล@�NคลAP/�N�AP/��@�คN@ค/@!ล>N/?"�Q��@#/N@�   
 ÿ���_�  คA/ ค/@!คล@�NคลAP/�N�AP/��@�/B�ห C!>O/�ลO/! 
 ÿ���_�  คA/ ค/@!คล@�NคลAP/�N�AP/��@�ค/@!�?��##"@�@0   
 ÿ���_��  คA/ ค/@!คล@�NคลAP/�N�AP/��@��@#�/�2�/�ค/@!�?P�/�R!Pค#P�� 
 ÿ���_��� คA/ ค/@!คล@�NคลAP/�N�AP/��@�คN@ค/@!R!NO�N�/��/��@#�/�2�/�ค/@!�?P�/�                    

R!Pค#P�� 
 ÿ��� คA/ คN@ค/@!คล@�NคลAP/�N�AP/��@�ค/@!2@!@#�Q��@#�#>�O@�QO@  
 ýýÿÿÿÿ คA/ คN@�ล@��/�#>�?�ค/@!�?�N2?"��?PหC!�B1"์N#>P!R�O">� ( reference equivalent  

threshold sound pressure level) Q�หCN�?"!คCN�?�หC�ั�#BN��?PQ�O#N/!�?�Nค#AP/��#/� 
2!##� @��@#R�O">� 

 ýÿÿ. ÿÿÿÿý   คA/ #>�?�/O@�/>�2O@ห#?�#>�?�N2?"�ล/� 
 ýý��� คA/ #>�?�N2?"�ล/��?P�?Q���Nค#AP/��#/�2!##� @��@#R�O">� 

symbol source of uncertainty 
value 
(dB) 

probability 
distribution 

divisor ÿ� ÿ� 
(dB) 

degree of 
freedom ÿ���_��� ค/@!�C��O/��/�Nค#AP/�!A/

!@�#�@� 
0.5 rectangular √3 1 0.2887  ÿ���_��� ค/@!ล>N/?"�Q��@#/N@� 0.1 rectangular 2√3 1 0.0289  ÿ��� �@#/?��QO@ 0.058 normal √3 1 0.0333 2 ÿ���_� /B�ห C!>O/�ลO/! 0.0043 rectangular √3 1 0.0025  ÿ���_� ค/@!�?��##"@�@0 0.0083 rectangular √3 1 0.0047  ÿ���_�� �@#�/�2�/�ค/@!�?P�/�

R!Pค#P�� 
0.2 rectangular √3 1 0.1155  ÿ���_��� คN@ค/@!R!NO�N�/��/�คN@

�/�2�/�ค/@!�?P�/�
R!Pค#P�� 

0.1 normal 2 1 0.0577  

ÿ� ค/@!R!NO�N�/�!@�#�@�#/!  normal   0.32 16846 ý� ค/@!R!NO�N�/��"@"  normal (k=2)   0.64 16846 
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�?//"N@� �@#�#>N!>�คN@ค/@!R!NO�N�/�Nห!A/��?��?�ค/@!R!NO�N�/��/��@#/?�Q��@#2/�N�?"�#>�?�
ค/@!�?�N2?"� 
 

4. !?//"N@�/�ค์'#>�/&ค/@!R!NO%N%/%�/��@#/? Q%�@#2/&N#?"&ค/@!"C�!O/��/�
�@#ค/&คB!#> ?&2?ญญ@� ÿÿ�  �   ��ÿÿÿ�_� � ÿ���_��� � ÿ���_��� � ÿ���_� � ÿ���_� � ÿ���� 

  � �ÿÿÿ�_� � ÿ���_��� � ÿ���_��� � ÿ���_� � ÿ���_� � ÿ����� 

   � �ÿÿ���_� � ÿÿ���_�� 

P�"�?P  ÿÿ� คA/ คN@ค/@!N�?P"�N���/�คN@ค/@!O���N@��/�#>�?��@#R�O">��?P2�Q� 2 #>�?��?P/"CN�>��?�  
N�็�คN@�?PR�O�@��@#/?� �@�คN@ค/@!O���N@��/�#>�?��@#R�O">��?P2�Q� 2 #>�?��?P/"CN 
�>��?��?P�#?��?Q���Nค#AP/��#/�2!##� @��@#R�O">�  

 ÿÿÿ�_�  คA/ #>�?�ค/@!�?�N2?"��?P/?�R�O�@�Nค#AP/�!A//?�!@�#�@� N�็�คN@2C�2B�Q� 2 #>�?��@#R�O">�
�?P2�Q�  

 ÿ���_��� คA/ ค/@!คล@�NคลAP/�N�AP/��@�Nค#AP/�!A//?�!@�#�@� 
 ÿ���_���  คA/ ค/@!คล@�NคลAP/�N�AP/��@�คN@ค/@!ล>N/?"�Q��@#/N@�   
 ÿ���_�  คA/ ค/@!คล@�NคลAP/�N�AP/��@�/B�ห C!>O/�ลO/! 
 ÿ���_� คA/ ค/@!คล@�NคลAP/�N�AP/��@�ค/@!�?��##"@�@0   
 ÿ���  คA/ คN@ค/@!คล@�NคลAP/�N�AP/��@�ค/@!2@!@#�Q��@#/?��QO@ 
 ÿÿÿ�_�  คA/ #>�?�ค/@!�?�N2?"��?P/?�R�O�@�Nค#AP/�!A//?�!@�#�@� N�็�คN@�PO@2B�Q� 2 #>�?��@#R�O">�

�?P2�Q� 
 ÿÿ���_� คA/ #>�?��@#R�O">��?P�?Q���Nค#AP/��#/�2!##� @��@#R�O">� N�็�คN@2C�2B�Q� 2 #>�?� 

�@#R�O">��?P2�Q� 
 ÿÿ���_� คA/ #>�?��@#R�O">��?P�?Q���Nค#AP/��#/�2!##� @��@#R�O">� N�็�คN@�PO@2B�Q� 2 #>�?� 

�@#R�O">��?P2�Q� 
 

(1) คN@ค/@!R!NO%N%/%N%AN/��@�ค/@!2@!@#"Q%�@#/? �Oํ@  
      �@#O��O��O�����>�/��O/!Cล  ÿ���  �   ý�ý��√3  

P�"�?P ý�ý��  คA/ คN@2N/�N�?P"�N��!@�#�@��/��O/!Cล�?P�O@�@#/?��QO@�?Q� 3 ค#?Q� 2@!@#�คO@�/�R�O�@!2!�@# 
�?��?Q  

ý�ý��  �   ��ý� � ý̅�� " �ý� � ý̅�� " �ý� � ý̅��ÿ � 1  

P�"�?P  ý� คA/ #>�?�ค/@!�?�N2?"��?P/N@�R�O�@�Nค#AP/�!A//?�!@�#�@�Q�O�Nล>ค#?Q� (dB)  
  ý̅ คA/ คN@N�ล?P"�/��ล�@#/?��?Q� 3 ค#?Q� 2@!@#�คO@�/�R�O�@!2!�@#�?��N/R��?Q 
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ý̅  �   ý� " ý� " ý�3  

 ÿ   คA/ �O@�/��O/!Cล�?P�O@�@#/?��QO@ (3 ค#?Q�) 
�?//"N@� #>�?�ค/@!�?�N2?"��?P/?�R�O�@�Nค#AP/�!A//?�!@�#@�@� �O@�/� 3 คN@ R�OO�N 96.5 dB  96.4 dB Oล> 
96.5 dB คN@N�?P"�N��!@�#�@�N�N@�?� 0.058 dB �@#O��O�����>�/��O/!Cล ห@#�O/" √n   

�?��?Q� ÿ���  �   0.0058√3   �     0.0333  ýý 

 
(2) คN@ค/@!R!NO%N%/%#?NN�> �@�Nค#AN/�!A/!@!#�@% 2@!@#��>�@#�@�@�คN@ค/@!

�C��O/��/�Nค#AP/�/?�#>�?�ค/@!�?�N2?"� �@!�?P�CO�ล>��O@ห��R/OQ��O/!Cล�@�N�ค�>ค  
 �@#O��O���O/!CลN�็�O��2?PNหล?P"!!B!�@�  

�?//"N@� �O/!Cล�@�N�ค�>ค�?P#>�BR/OQ�หล?�N���์!@�#�@��?Q !?คN@ค/@!�C��O/��/��@#/?�#>�?�ค/@!�?�N2?"� 
คA/  ñ 0.5 dB �@#O��O���O/!CลN�็�O��2?PNหล?P"!!B!�@� �@�ห@#�O/" √3 

�?��?Q� ÿ���_���   �     0.5√3     �    0.2887   ýý 

 
(3) คN@ค/@!R!NO%N%/%�/�ค/@!ล>N/?" Q%�@#/N@% �>�@#�@�@�ค/@!2@!@#��?P�?

�?P2B�Q��@#/N@�คN@�@�Nค#AP/�!A//?�  
�@#O��O���O/!CลN�็�O��2?PNหล?P"!!B!�@�  

�?//"N@� ค/@!2@!@#�Q��@#/N@�#>�?�ค/@!�?�N2?"�คA/ 0.1 dB �@#O��O���O/!CลN�็�O��2?PNหล?P"!!B!�@� 
�@�ห@#�O/" 2√3  

�?��?Q� ÿ���_���  �   0.12√3   �    0.0289   ýý 

 
(4) คN@ค/@!R!NO%N%/%N%AN/��@�/B�ห C!>O/ ลO/! �>�@#�@�@�คN@2?!�#>2>��>N

/B�ห C!>   �@P��C�#>�BR/OQ�Q�#@"�@��ล�@#2/�N�?"�R!Pค#P��!@�#�@�ห#A/ห@�O/!Cล�@��CO�ล>� P�"�>
�#>N!>�N�็�คN@N�?P"�N���/�/B�ห C!>��>�?P�O@�@#/?��@�/B�ห C!>/O@�/>� คA/ 23ðC �/��@��?Q�>�O/�
�>�@#�@/�ค์�#>�/�/AP�N�?PN�?P"/�O/�#N/!�O/" P�"2#B�คN@ค/@!R!NO�N�/�N�AP/��@�/B�ห C!>O/�ลO/! !?
2N/��#>�/��?��?Q     
- ค/@!N�?P"�N���/�/B�ห C!>��>�?P�O@�@#/?��@�/B�ห C!>/O@�/>� (23ðC) �ÿ���_�_��� �>�@#�@�@�

/B�ห C!>��>�?P�O@�@#/?�ห#A//@��>Q�OคN@N�?P"�N��2C�2B��/�/B�ห C!>�?PหO/���>�?�>�@#ค/�คB! 
- ค/@!�C��O/��/�คN@2?!�#>2>��>N/B�ห C!> �ÿ���_�_�����  �O/!Cล2@!@#�ห@R�O�@��CO�ล>�  
- ค/@!�C��O/��/�Nค#AP/�!A//?�/B�ห C!> �ÿÿÿÿ_ÿ_ýýý� �>�@#�@�@�คB�2!�?�>�@�N�ค�>ค�/�Nค#AP/�!A/ 

- ค/@!ล>N/?"��/�2N/�O2��คN@/B�ห C!>�/�Nค#AP/�/?�/B�ห C!> �ÿ���_�_����   
�@#O��O���O/!CลN�็�O��2?PNหล?P"!!B!�@�  
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�?//"N@� �@#�#>N!>�คN@ค/@!R!NO�N�/�Nห!A/��?��?�ค/@!R!NO�N�/��/��@#/?�Q��@#2/�N�?"�#>�?�
ค/@!�?�N2?"� ห?/�O/ 0 
 

(5) คN@ค/@!R!NO%N%/%N%AN/��@�ค/@! ?%&##"@�@0 �>�@#�@�@�คN@2?!�#>2>��>N
ค/@!�?� �@P�#>�BR/OQ�Q�#@"�@��ล�@#2/�N�?"�R!Pค#P��!@�#�@�ห#A/ห@�O/!Cล�@��CO�ล>� P�"�>�#>N!>�
N�็�คN@N�?P"�N���/�/B�ห C!>��>�?P�O@�@#/?��@�/B�ห C!>/O@�/>� คA/ 101.32 kPa �/��@��?Q�>�O/��>�@#�@
/�ค์�#>�/�/AP�N�?PN�?P"/�O/�#N/!�O/" P�"2#B�คN@ค/@!R!NO�N�/�N�AP/��@�ค/@!�?� !?2N/��#>�/��?��?Q     
- ค/@!N�?P"�N���/�ค/@!�?��##"@�@0��>�?P�O@�@#/?��@�ค/@!�?��##"@"�@0/O@�/>� (101.32 kPa) �ÿ���_�_��� �>�@#�@�@�ค/@!�?��##"@�@0��>�?P�O@�@#/?�ห#A//@��>Q�OคN@N�?P"�N��2C�2B��/�ค/@!

�?��##"@�@0�?PหO/���>�?�>�@#ค/�คB! 
- ค/@!�C��O/��/�คN@2?!�#>2>��>Nค/@!�?� �ÿ���_�_����� �O/!Cล2@!@#�ห@R�O�@��CO�ล>�  
- ค/@!�C��O/��/�Nค#AP/�!A//?�ค/@!�?� �ÿ���_�_���� �>�@#�@�@�คB�2!�?�>�@�N�ค�>ค�/�Nค#AP/�!A/ 
- ค/@!ล>N/?"��/�2N/�O2��คN@ค/@!�?��##"@�@0�/�Nค#AP/�/?�ค/@!�?� �ÿ���_�_����  

�@#O��O���O/!CลN�็�O��2?PNหล?P"!!B!�@�  
�?//"N@� �@#�#>N!>�คN@ค/@!R!NO�N�/�Nห!A/��?��?�ค/@!R!NO�N�/��/��@#/?�Q��@#2/�N�?"�#>�?�
ค/@!�?�N2?"� ห?/�O/ 0 

�O@คN@ค/@!R!NO�N�/�!@�#�@��?PR�O�@�OหลN�ค/@!R!NO�N�/��?Q�ห!�!@#/!�?� N#?"��ล#/!�?Q/N@
ค/@!R!NO�N�/�!@�#�@�#/! 2@!@#�คO@�/�R�O�@�2!�@#�?��?Q ÿ�  �   �ÿ���� " ÿ���_���� "ÿ���_���� "ÿ���_�� "ÿ���_��  ÿ�  �   �0.0333� " 0.2887�"0.0289�"0.00249�"0.0047�  ÿ�  �   0.29  ýý  

ห@คN@ effective degree of freedom (þeff) N�AP/�O@R�ห@คN@ k �O/"�@#N�ิ��@#@� t-student P�"
�>�@#�@�@�#>�?�ค/@!N�AP/!?P�Q��@#2/�N�?"�  คN@ effective degree of freedom 2@!@#�คO@�/�R�O
�@�2!�@#�?��?Q ÿ���   �  ÿ��ÿ����ÿ� " ÿ���_���� ÿ� " ÿ���_���� ÿ� " ÿ���_��ÿ� " ÿ���_��ÿ�

  
ÿ���   �  0.32�0.0333�3 � 1 " 0.2887�∞ " 0.0289�∞ " 0.00249�∞ " 0.00474�∞      
ÿ���   �    11789 

P�"�?P ÿ�  คA/ /�0@N2#? !?คN@N�N@�?��O@�/��O/!Cลล��O/" 1 (n-1) 2O@ห#?�คN@ค/@!R!NO�N�/�!@�#�@��?PR�O!@
�@��@#�#>N!>�O�� Type A Oล>!?คN@N�N@�?�/�?��์ 2O@ห#?�คN@ค/@!R!NO�N�/�!@�#�@��?P
R�O!@�@��@#�#>N!>�O�� Type B   
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ห@คN@ค/@!R!NO�N�/��"@" คO@�/�R�OP�"�O@คN@ค/@!R!NO�N�/�!@�#�@�#/!!@คC��?�คN@ k �@P�
�@Q��?�#>�?�ค/@!N�AP/!?P�Q��@#2/�N�?"� Q��ั��B�?�หO/���>�?�>�@#2N/�QหญN!?�@#�#>N!>�คN@ค/@!R!NO�N�/�
�O/"#>�?�ค/@!N�AP/!?P��#>!@� 95% �O@�@#N�ิ��@#@� t-student �>R�OคN@ k N�N@�?� 2  

�?��?Q�     ý�   �    ý � ÿ�    �    2 � 0.29 ýý    �    0.58    ýý 

 
�?//"N@� �@#@� uncertainty budget �/�ค/@!�C��O/��/��@#ค/�คB!2?ญญ@��?P#>�?��@#R�O">� 70 dBHL  

 

5. !?//"N@�/�ค์'#>�/&ค/@!R!NO%N%/%�/��@#/? Q%�@#2/&N#?"&ค/@!(> N�?O"%#/!
�/�2?ญญ@�0@#์!/%>�  ÿÿÿ � ÿÿÿ����ÿ���_����ÿ���_����ÿ���  

P�"�?P  ÿÿÿ     คA/คN@ค/@!�>�N�?Q"�#/!�/�2?ญญ@�0@#์!/�>�  
 ÿÿÿ���   คA/คN@ค/@!�>�N�?Q"�#/!�/�2?ญญ@�0@#์!/�>� �?P/?�R�O�@�Nค#AP/�!A/!@�#�@� 
 ÿ���_���  คA/ค/@!คล@�NคลAP/�N�AP/��@�Nค#AP/�!A/!@�#�@� 
 ÿ���_���  คA/ ค/@!คล@�NคลAP/�N�AP/��@�คN@ค/@!ล>N/?"��/��@#/N@�   
 ÿ���   คA/ คN@ค/@!คล@�NคลAP/�N�AP/��@�ค/@!2@!@#�Q��@#/?��QO@ 

 

(1) คN@ค/@!R!NO%N%/%N%AN/��@��@#/? �Oํ@   
 �@#O��O��O�����>�/��O/!Cล O��คN@ค/@!R!NO�N�/�!@�#�@�N�็�  uA ÿ���  �   ý�ý��√3  

P�"�?P ÿ  คA/ �O@�/��O/!Cล�?P�O@�@#/?��QO@ (3 ค#?Q�) 
 ý�ý��  คA/ คN@2N/�N�?P"�N��!@�#�@��/��O/!Cล�?P�O@�@#/?��QO@�?Q� 3 ค#?Q� 2@!@#�คO@�/�R�O�@!2!�@#

�?��?Q  ý�ý��  �   ��ý� � ý̅�� " �ý� � ý̅�� " �ý� � ý̅��ÿ � 1  

symbol source of uncertainty 
value 
(dB) 

probability 
distribution 

divisor ÿ� ÿ� 
(dB) 

degree of 
freedom ÿ���_��� ค/@!�C��O/��/�Nค#AP/�!A//?� 0.5 rectangular √3 1 0.2887  ÿ���_��� ค/@!ล>N/?"��/��@#/N@�คN@ 0.1 rectangular 2√3 1 0.0289  ÿ��� �@#/?��QO@ 0.058 normal √3 1 0.0333 2 ÿ���_� /B�ห C!>O/�ลO/! 0.0043 rectangular √3 1 0.0025  ÿ���_� ค/@!�?��##"@�@0 0.0083 rectangular √3 1 0.0047  ÿ� ค/@!R!NO�N�/�!@�#�@�#/!  normal   0.29 11789 ý� ค/@!R!NO�N�/��"@"  normal (k=2)   0.58 11789 
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P�"�?P ý� คA/ คN@ค/@!�>�N�?Q"�#/!�/�2?ญญ@�0@#์!/�>��?P/N@�R�O�@�Nค#AP/�!A//?�!@�#�@�Q�O�Nล>ค#?Q� (%)  
 ý̅ คA/ คN@N�ล?P"�/��ล�@#/?��?Q� 3 ค#?Q� 2@!@#�คO@�/�R�O�@!2!�@#�?��N/R��?Q ý̅  �   ý� " ý� " ý�3  

�?//"N@� คN@ค/@!�>�N�?Q"�#/!�/�2?ญญ@�0@#์!/�>��?P/?�R�O�@�Nค#AP/�!A//?�!@�#@�@� �O@�/� 3 คN@ R�OO�N 
0.1% 0.3% Oล> 0.4% คN@N�?P"�N��!@�#�@�N�N@�?� 0.153% �@#O��O��O�����>�/��O/!Cล ห@#�O/" √ÿ 

�?��?Q� ÿ���  �   0.153√3    �    0.0882 % 

 
(2) คN@ค/@!R!NO%N%/%#?NN�> �@�Nค#AN/�!A/!@!#�@%  2@!@#��>�@#�@�@�คN@ค/@!

�C��O/��/�Nค#AP/�/?�ค/@!�>�N�?Q"��/�2?ญญ@� �@!�?P�CO�ล>��O@ห��R/OQ��O/!Cล�@�N�ค�>ค  
 �@#O��O���O/!CลN�็�O��2?PNหล?P"!!B!�@�  

�?//"N@� �O/!Cล�@�N�ค�>ค�?P#>�BR/OQ�หล?�N���์!@�#�@��?Q !?คN@ค/@!�C��O/��/��@#/?�ค/@!�>�N�?Q"�#/!
�/�2?ญญ@�0@#์!/�>� คA/ ñ0.3% �@#O��O���O/!CลN�็�O��2?PNหล?P"!!B!�@� �@�ห@#�O/"√3  

�?��?Q� ÿ���_���   �     0.3√3     �    0.1732  % 

 
(3) คN@ค/@!R!NO%N%/%�/��@#/N@%(ล�@#/?  �>�@#�@�@�ค/@!2@!@#��?P�?�?P2B�Q�

�@#/N@�คN@�@�Nค#AP/�!A//?�  
 �@#O��O���O/!CลN�็�O��2?PNหล?P"!!B!�@�  

�?//"N@� ค/@!2@!@#�Q��@#/N@�คN@ค/@!�>�N�?Q"�#/!�/�2?ญญ@�0@#์!/�>� คA/ 0.1% �@#O��O���O/!Cล
N�็�O��2?PNหล?P"!!B!�@� �@�ห@#�O/"  2√3    

 �?��?Q� ÿ���_���  �   0.12√3   �    0.02887   % 

�O@คN@ค/@!R!NO�N�/�!@�#�@��?PR�O�@�OหลN�ค/@!R!NO�N�/��?Q�ห!�!@#/!�?� N#?"��ล#/!�?Q/N@
ค/@!R!NO�N�/�!@�#�@�#/! 2@!@#�คO@�/�R�O�@�2!�@#�?��?Q ÿ�  �   �ÿ���� " ÿ���_���� "ÿ���_����  ÿ�  �   �0.0883� " 0.1732�"0.0289�     �    0.20 %  

ห@คN@ Effective degree of freedom (þeff) N�AP/�O@R�ห@คN@ k �O/"�@#N�ิ��@#@� t-student P�"
�>�@#�@�@�#>�?�ค/@!N�AP/!?P�Q��@#2/�N�?"�  คN@ Effective degree of freedom 2@!@#�คO@�/�R�O�@�
2!�@#�?��?Q 
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ÿ���   �  ÿ��ÿ����ÿ� " ÿ���_���� ÿ� " ÿ���_���� ÿ�
  

ÿ���   �  0.20�0.0883�3 � 1 " 0.1732�∞ " 0.0289�∞   �    49     
P�"�?P ÿ�   คA/ /�0@N2#? !?คN@N�N@�?��O@�/��O/!Cลล��O/" 1 (n-1) 2O@ห#?�คN@ค/@!R!NO�N�/�!@�#�@��?PR�O!@

�@��@#�#>N!>�O�� Type A Oล>!?คN@N�N@�?�/�?��์ 2O@ห#?�คN@ค/@!R!NO�N�/�!@�#�@��?P
R�O!@�@��@#�#>N!>�O�� Type B   

ห@คN@ค/@!R!NO�N�/��"@" คO@�/�R�OP�"�O@คN@ค/@!R!NO�N�/�!@�#�@�#/!!@คC��?�คN@ k �@P�
�@Q��?�#>�?�ค/@!N�AP/!?P�Q��@#2/�N�?"� Q��ั��B�?�หO/���>�?�>�@#2N/�QหญN!?�@#�#>N!>�คN@ค/@!R!NO�N�/�
�O/"#>�?�ค/@!N�AP/!?P��#>!@� 95% �O@�@#N�ิ��@#@� t-student �>R�OคN@ k N�N@�?�  2  

 ý�   �    ý � ÿ�    �    2 � 0.20 %    �    0.40  % 

 
�?//"N@� �@#@� uncertainty budget �/�ค/@!�?P�?P�?Q�R/O��Nค#AP/��#/�2!##� @��@#R�O">� 1 kHz 

 
 
 
 
 
 
 
  

symbol source of uncertainty 
value 
(%) 

probability 
distribution 

divisor ÿ� ÿ� 
(%) 

degree of 
freedom ÿ���_��� ค/@!�C��O/��/�Nค#AP/�!A//?� 0.3 rectangular √3 1 0.1732  ÿ���_��� ค/@!ล>N/?"��/��@#/N@�คN@ 0.01 rectangular 2√3 1 0.0289  ÿ��� �@#/?��QO@ 0.100 normal √3 1 0.0882 2 ÿ� ค/@!R!NO�N�/�!@�#�@�#/!  normal   0.20 49 ý� ค/@!R!NO�N�/��"@"  normal (k=2)   0.40 49 
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