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36/!#:7>:7!>#E/9!#0!H3!-=7/==-!<8!36/!#:7>:7!>#E/9!#0!H3!-=7/==-!<8!W$S&@HK$!
!
36/!-A/9-./!B#=@:B7/@!>#E/9!0#9!_<X<!<8!-8!0#;;#E<=.Q!
S&%$''C @HK !
G6-==/;n@-7-!
9-7/!

'FC>8! %FC>8! M$MFC>8! ''FC>8!

'! '1$1P! '1$'2! '1$&W! '1$&%!
+! '1$W2! '1$W'! '1$22! '1$21!
''! '1$SP! '1$P2! '1$SS! '1$P2!
!
S&%$''. @HK !
G6-==/;n@-7-!
9-7/!

+FC>8! PFC>8! '%FC>8 'SFC>8 %2FC>8 1+FC>8! 2SFC>8! M2FC>8

'! ''$W1! ''$%&! ''$'+! ''$'1! ''$1M! ''$%M! ''$'+! ''$'%!
+! ''$MW! ''$MP! ''$M+! ''$+'! ''$M2! ''$M%! ''$2P! ''$M&!
''! ''$P2! '%$&&! '%$&&! ''$PP! ''$P2! ''$PP! '%$&&! '%$&%!
!
36/!>/-a!B#=@:B7/@!>#E/9!0#9!_<X<!<8!-8!0#;;#E<=.Q!
S&%$''C @HK !
G6-==/;n@-7-!
9-7/!

'FC>8! %FC>8! M$MFC>8! ''FC>8!

'! '+$W+! 'W$&&! 'S$%1! 'P$WW!
+! `! `! `! %&$2S!
''! `! `! `! %'$'&!
!
S&%$''. @HK !
G6-==/;n@-7-!
9-7/!

+FC>8! PFC>8! '%FC>8 'SFC>8 %2FC>8 1+FC>8! 2SFC>8! M2FC>8

'! 'P$WS! 'P$W+! 'P$MW! 'P$M+! %&$&&! 'P$PW! %&$&M! %&$&1!
+! `! `! ! `! `! `! %&$WP! `!
''! `! `! ! `! `! `! %'$1P! `!

()*!<8!=#7!9/e:<9/@!0#9!S&%$''.!B6-==/;8!<0!76/!#:7>:7!>#E/9!<8!;/88!76-=!&$%M@H!6<.6/9!76-=!76-7!
K/-8:9/@!#=!76/!B#99/8>#=@<=.!S&%$''C!B6-==/;8J!-=@!0#9!/-B6!09/e:/=B?!C-=@J!7/87<=.!-7!6<.6/9!
@-7-!9-7/8!-=@!6<.6/9!#9@/9!K#@:;-7<#=8!<8!=#7!9/e:<9/@!E6/=!76/!K-D<K:K!-A/9-./!#:7>:7!>#E/9!
0#9!/-B6!#0!76/8/!B#=0<.:9-7<#=8!<8!;/88!76-=!&$%M@H!6<.6/9!76-=!76#8/!K/-8:9/@!-7!76/!;#E/87!@-7-!
9-7/$! )BB#9@<=.! 7#! 76/! -C#A/! B#=@:B7/@! >#E/9J! 76/!4g3! 86#:;@! C/! 7/87/@! 0#9! wS&%$''CJ! 'FC>8J!



!
"#$!%&'%()*&&&%+
,-./!11!#0!'12!

 

B6-==/;!''x$ 

NL$1)-3*.45+"3D$%^$1KJ$&"5D)/+#4.)"5D$

NLWN$E5.#"/3<.)"5$

36/! 0#;;#E<=.! >9#B/@:9/8! -@#>7/@! 09#K! wXGG!()*!G#=8<@/9-7<#=8! 0#9!G/;;! ,6#=/8!E<76!F:;7<>;/!
39-=8K<77/98x!-9/!->>;<B-C;/!7#!6-=@8/78!E<76!C:<;7V<=!:=;<B/=8/@!79-=8K<77/98!8:B6!-8!S&%$''!-`C`.!
-=@!H;:/7##76!@/A<B/8!E6<B6!K-?!8<K:;7-=/#:8;?!79-=8K<7!E<76!76/!;<B/=8/@!79-=8K<77/9$!
X#9!76<8!@/A<B/J!76/!H3!-=@!_<X<!B-=!79-=8K<7!8<K:;7-=/#:8!E<76!#76/9!79-=8K<77/98$!

NLW>$%#45D-).$K5.+554$1+64#4.)"5$I)D.45<+D$

 

9)<.3#+$NLWN$K5.+554$,"<4.)"5D$

NLWL$1)-3*.45+"3D$%#45D-)DD)"5$G"#$UZ%$

%4(*+$H8$13--4#R$"G$%#45D-)..+#D!

T45/c'"/+$ ![0Ah\$
P?cG$6"B+#$

.7#+D7"*/$[-@\

J!$"3.63.$

6"B+#$

[-@\$

H;:/7##76! %$22'! %2$+! +$&1!
%$2\Nj!_b)"!
S&%$''!C`.!

%$2M! %2$M! %2$M!
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)BB#9@<=.! 7#! 76/! B#=@:B7/@! >#E/9! K/-8:9/K/=7! 9/8:;7J! E/! B-=! @9-E! 76/! B#=B;:8<#=! 76-7Q!
87-=@V-;#=/!()*!0#9!_<X<!86#:;@!C/!>/90#9K/@$!36/=J!8<K:;7-=/#:8!79-=8K<88<#=!()*!0#9!_<X<!<8!
B#=8<@/9/@! E<76! K/-8:9/K/=7! 9/8:;78! #0! \(F! -=@! _<X<$! (7-=@V-;#=/! ()*! -=@! 8<K:;7-=/#:8!
79-=8K<88<#=!()*!0#9!H;:/7##76!86#:;@!=#7!C/!>/90#9K/@$!
!
%4(*+$N?$1KJ$US4*34.)"5$J+23)#+-+5.D$G"#$'3*.)6*+$%#45D-)..+#$A45/D+.D!

!
(//!C/;#E!0#9!8<K:;7-=/#:8!79-=8K<88<#=!;#.<B!7-C;/Q!

! \(F! _<VX<! H3!
\(F! ! o/8 o/8 
_<VX<! o/8! ! "#!
H3! o/8! "#! !

(<=B/!76/!#:7>:7!>#E/9!#0!H;:/7##76!-=@!_<X<!-9/!;/88!76-=!+&`0!-=@!76/!-=7/==-!<8! ! M$&BK!09#K!
#76/9!-=7/==-8J!8<K:;7-=/#:8!79-=8K<88<#=!()*!0#9!_<X<!<8!=#7!9/e:<9/@$!

NM$1KJ$%+D.$J+D3*.$

NMWN$%7+$+S4*34.)"5$"G$-3*.)O(4..+#)+D$

_/p;;! >/90#9K! 76/! 6/-@! K/-8:9/K/=7! <=! -;;! C-=@8! E<76! 76/! >9<K-9?! C-77/9?! @/>/=@<=.! #=! 76/!
/A-;:-7<#=!#0!K:;7<VC-77/9</8!-=@!9/7/87!#=!6<.6/87!A-;:/!>#<=7!E<76!#76/9!C-77/9</8$!36/=J!9/>/-7!76/!
K/-8:9/K/=7!<=!76/!H#@?!7/87$!
!
!
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3-C;/!''Q!36/!/A-;:-7<#=!#0!K:;7<VC-77/9</8!0#9!N/-@!3/87!
X9/e:/=B?! ()*T'.U!
FNj! G6$!

F#@/`H-=@! (<@/!
3/87!

,#8<7<#=
H-77/9?!3?>/!

T_`a.U!
,#E/9!
O9<07T@HU!

S2S$S! %M'! \(FSM& *<.67 3#:B6! G)H1'b&&&&G% &$S'%! V&$'&!
S2S$S! %M'! \(FSM& *<.67 3#:B6! G)H1'b&&&&G' &$S%+! &$&M!
"#7/Q!)BB#9@<=.!7#!76/!A-;:/8!<=!76/!-C#A/!7-C;/J!76/!C-77/9?J!G)H1'b&&&&G'J!<8!76/!>9<K-9?!
C-77/9?$!_/p;;!>/90#9K!76/!6/-@!K/-8:9/K/=7!E<76!76<8!C-77/9?!-=@!9/7/87!#=!6<.6/87!A-;:/!>#<=7!!
E<76!#76/98$!
3-C;/!'%Q!36/!/A-;:-7<#=!#0!K:;7<VC-77/9</8!0#9!H#@?!3/87!
X9/e:/=B?! ()*T'.U

FNj! G6$!
F#@/`H-=@! N/-@8/7!

3/87!

,#8<7<#=

(>-B<=.

TKKU!
H-77/9?!3?>/!

T_`a.U!

,#E/9!

O9<07T@HU

S2S$S! %M'! \,*(! n \9#:=@ 'M G)H1'b&&&&G%! '$&'! V&$'&!

S2S$S! %M'! \,*(! n \9#:=@! 'M G)H1'b&&&&G'! '$&M! V&$'%!

"#7/Q!)BB#9@<=.!7#!76/!A-;:/8!<=!76/!-C#A/!7-C;/J!76/!C-77/9?J!G)H1'b&&&&G'J!<8!76/!>9<K-9?!
C-77/9?$!_/p;;!>/90#9K!76/!H#@?!K/-8:9/K/=7!E<76!76<8!C-77/9?!-=@!9/7/87!#=!6<.6/87!A-;:/!>#<=7! !
!E<76!#76/98$!

NMW>$1KJ$%+D.$J+D3*.$

%4(*+$NL8$1KJ$C4*3+D$[01'$]X?$'Ah$T45/$O$A+4/\$

X9/e:/=B?! ()*T'.U!
FNj! G6$!

F#@/`H-=@! (<@/!
3/87!

,#8<7<#=
H-77/9?!3?>/!

T_`a.U!
,#E/9!
O9<07T@HU!

S2S$S! %M'! \(FSM& b/07 3#:B6! G)H1'b&&&&G' ?W]>P$ &$&M!
S1+$+! 'P&! \(FSM& b/07 3#:B6 G)H1'b&&&&G' ?WPHL$ &$'M!
S%2$%! '%S! \(FSM& b/07 3#:B6 G)H1'b&&&&G' ?WP>M$ &$&+!
S2S$S! %M'! \(FSM& b/07 3<;7! G)H1'b&&&&G' ?WLLP$ V&$&%!
S1+$+! 'P&! \(FSM& b/07 3<;7 G)H1'b&&&&G' ?WL?H$ &$&+!
S%2$%! '%S! \(FSM& b/07 3<;7 G)H1'b&&&&G' ?W>]?$ V&$&2!
S2S$S! %M'! \(FSM& *<.67 3#:B6 G)H1'b&&&&G' ?W=PL$ &$&2!
S1+$+! 'P&! \(FSM& *<.67 3#:B6 G)H1'b&&&&G' ?WPHN$ &$&2!
S%2$%! '%S! \(FSM& *<.67 3#:B6 G)H1'b&&&&G' ?WX]N$ V&$&&WW!
S2S$S! %M'! \(FSM& *<.67 3<;7 G)H1'b&&&&G' ?WL]L$ V&$'&!
S1+$+! 'P&! \(FSM& *<.67 3<;7 G)H1'b&&&&G' ?WLMX$ V&$&&M+!
S%2$%! '%S! \(FSM& *<.67 3<;7 G)H1'b&&&&G' ?W>]P$ V&$'&!
$

%4(*+$NM8$1KJ$C4*3+D$[01'$]X?$'Ah$T45/$O$T"/R\!
X9/e:/=B?! ()*T'.U!
FNj! G6$!

F#@/`
H-=@!

N/-@8/7!
3/87!

,#8<7<#=!
(>-B<=.
TKKU!

H-77/9?!3?>/!
T_`a.U!

,#E/9!
O9<07T@HU

S2S$S! %M'! \,*( n ,6-=7#K! 'M! G)H1'b&&&&G' ?WHHN$ V&$'P!
S1+$+! 'P&! \,*( n ,6-=7#K 'M G)H1'b&&&&G' ?WHNH$ V&$&'!
S%2$%! '%S \,*( n ,6-=7#K 'M G)H1'b&&&&G' ?W]PL$ V&$&1!
S2S$S! %M'! \,*( n \9#:=@ 'M G)H1'b&&&&G' NW?X$ V&$'%!
S1+$+! 'P&! \,*( n \9#:=@ 'M G)H1'b&&&&G' N$ &$&&SM
S%2$%! '%S \,*( n \9#:=@ 'M G)H1'b&&&&G' ?WHX]$ &$&+!
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S2S$S! %M'!
(>//B6 GGH1'+

&)''G'! !
\9#:=@! 'M G)H1'b&&&&G' ?WMH=$ &$&2!

S2S$S! %M'!
(>//B6 GGH1'+

&)''G%! !
\9#:=@! 'M G)H1'b&&&&G' ?WLX]$ &$&2!

$

%4(*+$NX8$1KJ$C4*3+D$[01'$NH??$'Ah$T45/$O$A+4/\$

X9/e:/=B?! ()*T'.U!
FNj! G6$!

F#@/`H-=@! (<@/!
3/87!

,#8<7<#=
H-77/9?!3?>/!

T_`a.U!
,#E/9!
O9<07T@HU!

'P&P$S! S'&! \(F'P&&! b/07! 3#:B6! G)H1'b&&&&G' ?WXXX$ V&$&2!
'SS&! ++'! \(F'P&&! b/07 3#:B6 G)H1'b&&&&G' ?WXPN$ &$&%!
'SM&$%! M'%! \(F'P&&! b/07 3#:B6 G)H1'b&&&&G' ?WXXX$ &$&2!
'P&P$S! S'&! \(F'P&&! b/07! 3<;7! G)H1'b&&&&G' ?W>PM$ &$&1!
'SS&! ++'! \(F'P&&! b/07 3<;7 G)H1'b&&&&G' ?WL?X$ &$&2!
'SM&$%! M'%! \(F'P&&! b/07 3<;7 G)H1'b&&&&G' ?WL?]$ &$&2!
'P&P$S! S'&! \(F'P&&! *<.67 3#:B6 G)H1'b&&&&G' ?W=NX$ &$&M!
'SS&! ++'! \(F'P&&! *<.67 3#:B6 G)H1'b&&&&G' ?W==N$ V&$&W!
'SM&$%! M'%! \(F'P&&! *<.67 3#:B6 G)H1'b&&&&G' ?W=>H$ &$&W!
'P&P$S! S'&! \(F'P&&! *<.67 3<;7 G)H1'b&&&&G' ?W>X>$ V&$&'!
'SS&! ++'! \(F'P&&! *<.67 3<;7 G)H1'b&&&&G' ?W>=X$ &$&&+1!
'SM&$%! M'%! \(F'P&&! *<.67 3<;7 G)H1'b&&&&G' ?W>PL$ &$&%!
$

%4(*+$NP8$1KJ$C4*3+D$[01'$NH??$'Ah$T45/$O$T"/R\$

X9/e:/=B?! ()*T'.U
FNj! G6$!

F#@/`
H-=@!

N/-@8/7!
3/87!

,#8<7<#=!
(>-B<=.
TKKU!

H-77/9?!3?>/!
T_`a.U!

,#E/9!
O9<07T@HU

'P&P$S! S'&! \,*( n ,6-=7#K! 'M! G)H1'b&&&&G' ?WMM>$ V&$&M!
'SS&! ++'! \,*( n ,6-=7#K 'M G)H1'b&&&&G' ?WM]>$ V&$&&'1
'SM&$%! M'%! \,*( n ,6-=7#K 'M G)H1'b&&&&G' ?WMPL$ &$&%!
'P&P$S! S'&! \,*( n \9#:=@ 'M G)H1'b&&&&G' ?WXNP$ &$&2!
'SS&! ++'! \,*( n \9#:=@ 'M G)H1'b&&&&G' ?WXMM$ &$&&+'!
'SM&$%! M'%! \,*( n \9#:=@ 'M G)H1'b&&&&G' ?WX>X$ &$&2!

'SS&! ++'! (>//B6
GGH1'+
&)''G'! !

\9#:=@! 'M G)H1'b&&&&G' ?W>HL$ &$&1!

'SS&! ++'! (>//B6
GGH1'+
&)''G%! !

\9#:=@! 'M G)H1'b&&&&G' ?W>PL$ &$&M!

$

%4(*+$N=8$1KJ$C4*3+D$[@)!)$]?>WNN($O$A+4/\$

!#+23+5<R$ 1KJ[N;\$

'Ah$ &7W$
'"/+cT45/$ 1)/+$

%+D.$

9"D).)"5
T4..+#R$%R6+$

[@c:;\$

9"B+#$

I#)G.[/T\$

%2+%! ''! S&%$''!C! b/07! 3#:B6! G)H1'b&&&&G' ?WNH?$ &$'S!

%2+%! ''! S&%$''!C! b/07! 3<;7! G)H1'b&&&&G' ?W>XX$ V&$'&!

%2+%! ''! S&%$''!C! *<.67! 3#:B6! G)H1'b&&&&G' ?W>P?$ V&$'1!

%2+%! ''! S&%$''!C! *<.67! 3<;7! G)H1'b&&&&G' ?WLN]$ V&$'P!

!
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%4(*+$N]8$1KJ$C4*3+D$[@)!)$]?>WNN($O$T"/R\$

!#+23+5<R$ 1KJ[N;\$

'Ah$ &7W$
'"/+cT45/$

%+D.$

9"D).)"5

164<)5;

[--\$
T4..+#R$%R6+$

[@c:;\$

9"B+#$

I#)G.[/T\

%2+%! ''! S&%$''!C! ,6-=7#K! 'M! G)H1'b&&&&G' ?W?PM$ &$''!

%2+%! ''! S&%$''!C \9#:=@! 'M G)H1'b&&&&G' ?WN?=$ &$'M!

$

NX$'+4D3#+-+5.$Z5<+#.4)5.R$

No. Error Description Type Uncertainty
value 

Probably 
Distribution

Div. (Ci)
1g 

(Ci) 
10g 

Std. 
Unc. 
(1g) 

Std. 
Unc.
(10g)

Degree 
of 
freedom

Measurement system 
1 Probe calibration B 5.5 N 1 1 1 5.5 5.5  
2 Isotropy B 4.7 R 3 0.7 0.7 1.9 1.9  
3 Boundary effect B 1.0 R 3 1 1 0.6 0.6  
4 Linearity B 4.7 R 3 1 1 2.7 2.7  
5 Detection limit B 1.0 N 1 1 1 0.6 0.6  
6 Readout electronics B 0.3 R 3 1 1 0.3 0.3  
7 Response time B 0.8 R 3 1 1 0.5 0.5  
8 Integration time B 2.6 R 3 1 1 1.5 1.5  
9 RF ambient 

conditions-noise 
B 0 R 3 1 1 0 0  

10 RF ambient 
conditions-reflection 

B 0 R 3 1 1 0 0  

11 Probe positioned 
mech. restrictions 

B 0.4 R 3 1 1 0.2 0.2  

12 Probe positioning 
with respect to 
phantom shell 

B 2.9 R 3 1 1 1.7 1.7  

13 Post-processing B 1.0 R 3 1 1 0.6 0.6  
Test sample related 
14 Test sample 

positioning 
A 3.3 N 1 1 1 3.3 3.3 71 

15 Device holder 
uncertainty 

A 3.4 N 1 1 1 3.4 3.4 5 

16 Drift of output 
power 

B 5.0 R 3 1 1 2.9 2.9  

Phantom and set-up 
17 Phantom uncertainty B 4.0 R 3 1 1 2.3 2.3  
18 Liquid conductivity 

(target) 
B 5.0 R 3 0.64 0.43 1.8 1.2  

19 Liquid conductivity 
(meas.) 

A 2.06 N 1 0.64 0.43 1.32 0.89 43 
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20 Liquid permittivity 
(target) 

B 5.0 R 3 0.6 0.49 1.7 1.4  

No. Error Description Type Uncertainty
value 

Probably 
Distribution

Div. (Ci)
1g 

(Ci) 
10g 

Std. 
Unc. 
(1g) 

Std. 
Unc.
(10g)

Degree 
of 
freedom

21 Liquid permittivity 
(meas.) 

A 1.6 N 1 0.6 0.49 1.0 0.8 521 

continue 

Combined standard 
uncertainty 

21

1

22'

i
iic ucu

    9.25 9.12 257 

Expanded uncertainty 
(confidence interval of 
95 %) 

ce uu 2  
    18.5 18.2  

 

NP$'KEQ$%U1%$EQ1%JZ'UQ%1$

%4(*+$>>8$,)D.$"G$'4)5$E5D.#3-+5.D$

Q"W$ Q4-+$ %R6+$ 1+#)4*$Q3-(+# &4*)(#4.)"5$I4.+$ C4*)/$9+#)"/

&'! "/7E#9a!-=-;?j/9! 4M&W'G! Fo2+''&+W1! X/C!'MJ!%&'%! 5=/!?/-9!

&%! ,#E/9!K/7/9! "*mO! '&%&S1!

&1! ,#E/9!8/=8#9! "*mViM! '&&MPM!
(/>7/KC/9!''J!%&''! 5=/!?/-9!

&2! (<.=-;!\/=/9-7#9! 4221SG! Fo2P&W&1P1! "#A/KC/9!'%J!%&''! 5=/!o/-9!

&M! )K>;<0</9! m3bM2&&! &M&M! "#!G-;<C9-7<#=!*/e:/87/@!

&+! H3(! SP+&! Fo2S1+M'P%! "#A/KC/9!'WJ!%&''! 5=/!?/-9!

&W! 4V0</;@!,9#C/! (,4)\!4(1Om1! 1'2P! (/>7/KC/9!%2J!%&''! 5=/!?/-9!

&S! O)4! (,4)\!O)42! WW'! "#A/KC/9!%&J!%&''! 5=/!?/-9!

&P! O<>#;/!m-;<@-7<#=!f<7! (,4)\!OS1Mm%! 221! X/C9:-9?!%+J!%&'&! 369//!?/-98!

'&! O<>#;/!m-;<@-7<#=!f<7! (,4)\!O'P&&m%! M2'! X/C9:-9?!%+J!%&'&! 369//!?/-98!

''! O<>#;/!m-;<@-7<#=!f<7! (,4)\!O%2M&m%! SM1! (/>7/KC/9!%WJ!%&'&! 369//!?/-98!

!
lll4"O!5X!*4,5*3!H5Oolll!

!
!
!
!
!
!
!
!
!
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