
 





 



 



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

 

 

  

  

  

 

 

 

 

  

  

  

  

 

 

 

 

  

  

  

 

 

  

 

 

 

 

  

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 





 



 



• 

• 

• 









α
β
ε 
λ  





Π

 



 

 

• 

• 

• 

 

 

 



 

• 

• 

• 

• 

• 

 



• 

• 

• 

 

 

 

 

 

 



 

 

 



 

α



 

 



α

 

α

α

 



α

 

https://support.office.com/en-us/article/DATE-function-E36C0C8C-4104-49DA-AB83-82328B832349


∊

 





• 

• 

• 

 

 

 

 

 



α

Tracer Reference 

Date, 2005-10-20

tref,A3

Separation of Elements in Aliquot

Date/Time, tsep

2018-05-17

Am Counting Date/time, 

tCAm

AA1,Am,aliq(tCAm)

tref,P2 

Tracer Reference 

Date, 1994-06-07

Date of 

Sample 

Donation,

tD

tCPu

2018-05-03

Pu Counting Date/time

AA1,Am,AminP2tr(tsep)
CP1,-,P2tr(tref,P2) (Vʹtr,P2)

= AP1,-,P1inP2tr(tref,P2)

AA1,Am,P1inP2tr(tCAm)

AP1,Pu,P1inP2tr(tsep) AP1,Pu,P1inP2tr(tCPu) AA1,Pu,P1inP2tr(ingrowth since tsep)

Addition of Tracers to Aliquot

CA1,-,A3tr(tref,A3)(Vʹtr,A3) 

= AA1,-,A1inA3tr(tref,A3)
AA1,Am,A1inA3tr(tCAm)

AA1,-,prep(tD)

Taking of Aliquot from Acid Solution

 faliq= maliq/msoln

AP8,Pu,aliq(tCPu)AP8,-,prep(tD)  faliq

AP90,Pu,aliq(tCPu)AP90,-,prep(tD)  faliq

AP1,Pu,aliq(tCPu)AP1,-,prep(tD)  faliq AA1,Pu,aliq(ingrowth since tsep)

A*A1

A*P8

Sequence of Activity Variables (not to scale)

CA3,-,A3tr(tref,A3)(Vʹtr,A3) 

= AA3,-,A3inA3tr(tref,A3)
AA3,Am,A3inA3tr(tCAm)

CP2,-,P2tr(tref,P2)(Vʹtr,P2) 

= AP2,-,P2inP2tr(tref,P2)
AP2,Pu,P2inP2tr(tCPu)

Sample 

Processed 

into Acid 

Solution

Am 

Fraction

Pu 

Fraction



 





 

 

 



 

 

α

α

 

α

 



𝑆 𝑋(𝑁𝐵 , 𝑧 𝛼 , 𝑡𝑆 , 𝑡𝐵) = 𝑧 𝛼√𝑁𝐵
𝑡𝑆

𝑡𝐵
(1 +

𝑡𝑆

𝑡𝐵
) = 𝑧 𝛼√𝑅𝐵𝑡𝑆 (1 +

𝑡𝑆

𝑡𝐵
)

α

′

′

 

𝑆 𝑋(𝑁𝐵 , 𝑑, 𝑡𝑆 , 𝑡𝐵 , 𝑧 𝛼) = 𝑑 (
𝑡𝑆

𝑡𝐵
− 1) +

𝑧 𝛼
2

4
(1 +

𝑡𝑆

𝑡𝐵
) + 𝑧 𝛼√(𝑁𝐵 + 𝑑)

𝑡𝑆

𝑡𝐵
(1 +

𝑡𝑆

𝑡𝐵
)

𝑆 𝑋
′ =

𝑆 𝑋

𝑡𝑆



′

𝑧 = 𝑅𝑁/𝑢(𝑅𝑁)

𝑝 = 1 − 𝑃( 𝑧) = 𝑃( − 𝑧)

𝑝 = NORM. S. DIST( − 𝑧,TRUE) = NORM. S. DIST( − 𝑅𝑁/𝑢(𝑅𝑁),TRUE). 

 

• 

• 

• 

• 

 

−β



α

 

𝑆 𝑋(𝑆 𝑋 , 𝑅𝐵 , 𝑡𝑆 , 𝑡𝐵 , 𝑧1−𝛽) = 𝑆 𝑋 +
𝑧1−𝛽
2

2
+ 𝑧1−𝛽√

𝑧1−𝛽
2

4
+ 𝑆 𝑋 + 𝑅𝐵𝑡𝑆 (1 +

𝑡𝑆

𝑡𝐵
)

𝑆 𝑋
′ =

𝑆 𝑋

𝑡𝑆

𝑀𝐷𝐴𝑋 =
𝑆 𝑋
′

𝜀𝑓𝑋 𝑦
=

𝑆 𝑋

𝑡𝑆𝜀𝑓𝑋 𝑦
=
𝑆 𝑋+

𝑧1−𝛽
2

2
+𝑧1−𝛽√

𝑧1−𝛽
2

4
+𝑆 𝑋+𝑅𝐵𝑡𝑆(1+

𝑡𝑆
𝑡𝐵
)

𝑡𝑆𝜀𝑓𝑋 𝑦



ε α β

′ ′

 

• 

• 



 

 



ε ε

ε



 

 

𝐶𝑋 (𝑡𝐷) =
𝐴𝑋 (𝑡𝐷)

𝑚
(
1000

1
)

𝑢 (𝐶𝑋 (𝑡𝐷)) = (
1000

1
)

1

𝑚prep
√(𝑢2 (𝐴𝑋 (𝑡𝐷)) +

𝐴𝑋
2 (𝑡𝐷)𝑢

2(𝑚prep)

𝑚prep
2 )



 

𝐶𝑋 (𝑡𝐷) =
𝐴𝑋 (𝑡𝐷)

𝑚
(
1000

1
)

𝑢 (𝐶𝑋,ash(𝑡𝐷)) = (
1000 g

1 kg
)
1

𝑚ash
√(𝑢2 (𝐴𝑋,−,𝑝𝑟𝑒𝑝(𝑡𝐷)) +

𝐴𝑋,−,𝑝𝑟𝑒𝑝
2 (𝑡𝐷)𝑢

2(𝑚ash)

𝑚ash
2 ) 

 

 

𝑏𝑌 =
𝐴𝑌 𝑌 (𝑡 𝑍) − 𝐴𝑌 𝑌 (𝑡 𝑍)

𝐴𝑌 𝑌 (𝑡 𝑍)

 

𝑟𝐴𝑋/𝐴𝑌 =
𝐴𝑋 (𝑡)

𝐴𝑌 (𝑡)

𝑢 (𝑟𝐴𝑋/𝐴𝑌(𝑡)) =
1

𝐴𝑌,−,−(𝑡)
√(𝑢2 (𝐴𝑋,−,−(𝑡)) +

𝐴𝑋,−,−
2 (𝑡)𝑢2(𝐴𝑌,−,−(𝑡))

𝐴𝑌,−,−
2 (𝑡)

) 



 

 

 

• 

• 

• 

• 

• 

 



≡

′

 

′



ε



𝐴planchet = 𝐴init  
𝑚prep

𝑚init

𝑚aliq

𝑚soln
 𝑦RR

𝑀𝑄𝐴(radionuclide) ≤ 𝐴planchet(radionuclide, chemical form, organ, route of intake)

 



 







 

 

 

 



 

 



 

• 

• 

• 

 

 



 

• 

• 

• 



 



 

243Am 242Pu

 





𝑏𝑌 ≤ 0.1

𝜀 − 𝑧𝑢 ≤ 𝜀 ≤ 𝜀 + 𝑧𝑢

|𝜀 − 𝜀|

𝜀
< 0.1



𝑁B,total =∑𝑁B,𝑖
𝑖

𝑁B,total − 𝑧𝑢 ≤ 𝑁B,total

≤ 𝑁B,total
+ 𝑧𝑢

𝑁B,ROI ≤ 𝑁B,𝑀𝐷𝐴

𝑏𝑌 ≤ 0.1



Π



 





 



 

 

 

 

 

 

 

 



 

 

 



Π

Π

Δ Δ

 

ʹ ≡ Π Π

 

 

 



 

 

 

 



 

 

 

 

 



 





 

1

1  

 





599 5

 





 



Π

α

α



Π

Π

′

′



∊

Π



ε

ʹ

Π

α

α

β

β

ε

λ



 

 

 

𝑚 = 𝑚 −𝑚

𝑢(𝑚 ) = √𝑢2(𝑚 ) + 𝑢2(𝑚 )

 

𝑚 = 𝑚 −𝑚

𝑢(𝑚 ) = √𝑢2(𝑚 ) + 𝑢2(𝑚 )

 

𝑚 = 𝑚 −𝑚

𝑢(𝑚 ) = √𝑢2(𝑚 ) + 𝑢2(𝑚 )



 

 

𝑓 =
𝑚

𝑚

𝑢(𝑓ash) =
1

𝑚prep
√𝑢2(𝑚ash) +

𝑚ash
2

𝑚prep
2 𝑢2(𝑚prep)

 

𝑓 =
𝑚

𝑚

𝑢(𝑓aliq) =
1

𝑚soln
√𝑢2(𝑚aliq) +

𝑚aliq
2

𝑚soln
2 𝑢2(𝑚soln)

 

 

Π

Π

𝑚Π =
𝑚Π1 +𝑚Π2 +𝑚Π3 +𝑚Π4

4

Π

𝑢( 𝑚𝛱𝑎𝑣𝑔) =
√𝑢2(𝑚𝛱1) + 𝑢

2(𝑚𝛱2) + 𝑢
2(𝑚𝛱3) + 𝑢

2(𝑚𝛱4)

4
 

Π



𝑢𝑅(𝑉𝛱) =

√
∑ (𝑚𝛱𝑖 −𝑚𝛱 )24
𝑖=1

3

𝑚𝛱

 

Π

Π

𝑏𝛱 =
𝑚𝛱 (1000 )

𝑉𝛱 (1 −
𝑇𝐴 + 288.9414

508929.2(𝑇𝐴 + 68.12963)
(𝑇𝐴 − 3.9863)

2)
− 1

 

λ

𝜆𝑋 =
ln 2

𝑇1/2𝑋

 

ʹ

𝑉𝑌
′ =

𝑉𝑌 (1 + 𝑏𝛱)

1000
 

𝑢𝑅(𝑉𝑌
′ ) = 𝑢𝑅(𝑉𝑌 )

 

𝑅B =
𝑁B
𝑡B
, 



𝑅S =
𝑁S
𝑡S
, 

𝑅N = 𝑅S − 𝑅B 

𝐴𝑋,𝑍,
∗ (𝑡 𝑍) =

(
𝑁𝑆
𝑡𝑆
−
𝑁𝐵
𝑡𝐵
)

𝜀𝑓𝑋 𝑦
=

𝑅𝑆 − 𝑅𝐵
𝜀𝑓𝑋 𝑦

=
𝑅𝑁

𝜀𝑓𝑋 𝑦

ε

α



𝐴𝑋,𝑍,
∗ (𝑡 𝑍) =

(
𝑁𝑆+1

𝑡𝑆
−
𝑁𝐵+1

𝑡𝐵
)

𝜀𝑓𝑋 𝑦

 

𝑢𝑅(𝐴𝑋,𝑍 ) =
𝑢(𝐴𝑋,𝑍 )

𝐴𝑋,𝑍
= √

(
𝑁𝑆

𝑡𝑆
2+

𝑁𝐵

𝑡𝐵
2 )

(
𝑁𝑆
𝑡𝑆
−
𝑁𝐵
𝑡𝐵
)
2 + 𝑢𝑅

2(𝜀) + 𝑢𝑅
2(𝑓𝑋, ) + 𝑢𝑅

2(𝑦 )

𝑢𝑅(𝐴𝑋,𝑍 ) =
𝑢(𝐴𝑋,𝑍 )

𝐴𝑋,𝑍
= √

(
𝑁𝑆+1

𝑡𝑆
2 +

𝑁𝐵+1

𝑡𝐵
2 )

(
𝑁𝑆+1

𝑡𝑆
−
𝑁𝐵+1

𝑡𝐵
)
2 + 𝑢𝑅

2(𝜀) + 𝑢𝑅
2(𝑓𝑋, ) + 𝑢𝑅

2(𝑦 )



• 

• 

′

 

 

𝐴∗ (𝑡 )

= 𝐴 (𝑡 ) + 𝐴 (𝑡 ) + 𝐴 (𝑡 )

 

• 

• 

• 

ʹ



𝐴 (𝑡 ) = 𝐶 (𝑡 )𝑒−𝜆 (𝑡 −𝑡 )𝑉′

λ

𝑢(𝐴 ) = 𝑢𝑅(𝐴 )𝐴

 

𝐴 (𝑡 )

= 𝐶 (𝑡 )𝑉′
𝜆

𝜆 − 𝜆
(𝑒−𝜆 (𝑡 −𝑡 )

− 𝑒−𝜆 (𝑡 −𝑡 ))𝑒−𝜆 (𝑡 −𝑡 )

• 

• ʹ

• 

• 

• 

𝑢𝑅(𝐴 (𝑡 )) ≈ 𝑢𝑅(𝐶 (𝑡 )) =
𝑢(𝐶 (𝑡 ))

𝐶 (𝑡 )



 

𝐴 (𝑡 )

= 𝐴∗ (𝑡 ) − 𝐴 (𝑡 )

− 𝐴 (𝑡 )

 

𝑢(𝐴 ) = √𝑢2(𝐴 ) + 𝑢2(𝐴 ) + 𝑢2(𝐴 )

𝑢2(𝐴 ) = 𝐴2

(

 
 
(
𝑁𝑆
𝑡𝑆
2 +

𝑁𝐵
𝑡𝐵
2 )

(
𝑁𝑆
𝑡𝑆
−
𝑁𝐵
𝑡𝐵
)
2 + 𝑢𝑅

2(𝜀)

)

 
 
, 

𝑢2(𝐴 ) = 𝐴2 𝑢𝑅
2(𝐴 )  

𝑢2(𝐴 ) = 𝐴2 𝑢𝑅
2(𝐴 ).

 

α

 



 

α

𝐴∗ (𝑡 )

= 𝐴 (𝑡 ) + 𝐴 (𝑡 ) + 𝐴 (𝑡 ).

 

𝐴 (𝑡 )

= 𝐶 (𝑡 )𝑉′
𝜆

𝜆 − 𝜆
(𝑒−𝜆 (𝑡 −𝑡 )

− 𝑒−𝜆 (𝑡 −𝑡 ))𝑒−𝜆 (𝑡 −𝑡 )

• 

• ʹ

• 

• 

• 

𝑢𝑅(𝐴 (𝑡 )) ≈ 𝑢𝑅(𝐶 (𝑡 )) =
𝑢(𝐶 (𝑡 ))

𝐶 (𝑡 )



 

 

𝐴 (𝑡 = 𝐴∗ (𝑡 ) − 𝐴 (𝑡 )

− 𝐴 (𝑡 ).

 

𝑢𝑅(𝐴
∗ ) = √

(
𝑁𝑆
𝑡𝑆
2 +

𝑁𝐵
𝑡𝐵
2 )

(
𝑁𝑆
𝑡𝑆
−
𝑁𝐵
𝑡𝐵
)
2 + 𝑢𝑅

2(𝜀)

𝐴 (𝑡 ) = 241 241  

𝑡 𝑡 ,



𝑢𝑅(𝐴 (𝑡 )) =

(

𝑢𝑅
2(𝐴∗ (𝑡 ))𝐴∗2

+𝑢𝑅
2(𝐴 (𝑡 ))𝐴2

+𝑢𝑅
2(𝐴 (𝑡 ))𝐴2

)

1/2

𝐴 (𝑡 )
,  

𝑢(𝐴 (𝑡 )) = (

𝑢𝑅
2(𝐴∗ (𝑡 ))𝐴∗2

+𝑢𝑅
2(𝐴 (𝑡 ))𝐴2

+𝑢𝑅
2(𝐴 (𝑡 ))𝐴2

)

1/2

.

 

𝑦 (𝑌) =
𝐴𝑌,𝑍,𝑌 (𝑡 𝑍)

𝐶𝑌,𝑌 (𝑡 𝑌)𝑒
−𝜆𝑌(𝑡𝐶,𝑍−𝑡 𝑌)𝑉𝑌

′

λ

ʹ

 

𝑢𝑅(𝑦 (𝑌)) = √𝑢𝑅
2(𝐴𝑌,𝑍,𝑌 (𝑡 𝑍)) + 𝑢𝑅

2(𝐶𝑌,𝑌 (𝑡 𝑌))



 

𝐴𝑋,𝑍, (𝑡 𝑍) =
𝐴𝑋 (𝑡 𝑍)

𝑦 (𝑌)

𝑚

𝑚

𝑢𝑅(𝐴𝑋,𝑍, (𝑡 𝑍)) = √𝑢𝑅
2(𝐴𝑋,𝑍, (𝑡 𝑍)) + 𝑢𝑅

2(𝑦 (𝑌))

𝐴𝑋,𝑍, (𝑡𝐷) = 𝐴𝑋,𝑍, (𝑡 𝑍) 𝑒
−𝜆𝑋(𝑡 𝑍−𝑡𝐷)

𝑢𝑅(𝐴𝑋,𝑍, (𝑡𝐷)) = 𝑢𝑅(𝐴𝑋,𝑍, (𝑡 𝑍))



 

• 

• 

• 

𝑢R
2(𝐴init) =

𝑢2(𝐴planchet)

𝐴planchet
2 +

𝑢2(𝑚init)

𝑚init
2 +

𝑢2(𝑚prep)

𝑚prep
2

+
𝑢2(𝑚soln)

𝑚soln
2 +

𝑢2(𝑚aliq)

𝑚aliq
2 +

𝑢2(𝑦RR)

𝑦RR
2 .

𝐴init = 𝐴planchet   
𝑚init

𝑚prep
 
𝑚soln

𝑚aliq
 
1

𝑦RR

𝑢2 (𝑚a 𝑚b⁄ ) =
𝑚a
2

𝑚b
2  [

𝑢2(𝑚a)

𝑚a
2 +

𝑢2(𝑚b)

𝑚b
2 ]

𝑢2(𝐴init) = [
𝑢2(𝐴planchet)

𝐴planchet
2 +

𝑢2(𝑚init 𝑚prep⁄ )

𝑚init
2 𝑚prep

2⁄
+
𝑢2(𝑚soln 𝑚aliq⁄ )

𝑚soln
2 𝑚aliq

2⁄
+

𝑢2(𝑦RR)

𝑦RR
2 ]  (𝐴planchet   

𝑚init

𝑚prep
 
𝑚soln

𝑚aliq
 
1

𝑦RR
)
2

𝑢2(𝐴init) = [
𝑢2(𝐴planchet)

𝐴planchet
2 + {

𝑢2(𝑚init)

𝑚init
2 +

𝑢2(𝑚prep)

𝑚prep
2 } + {

𝑢2(𝑚soln)

𝑚soln
2 +

𝑢2(𝑚aliq)

𝑚aliq
2 } +

𝑢2(𝑦RR)

𝑦RR
2 ] (𝐴planchet   

𝑚init

𝑚prep
 
𝑚soln

𝑚aliq
 
1

𝑦RR
)
2



 

𝑢𝑐
2(𝑦) =∑(

𝜕𝑓

𝜕𝑥𝑖
)
2𝑁

𝑖=1

𝑢2(𝑥𝑖) + 2∑ ∑  
𝜕𝑓

𝜕𝑥𝑖

𝜕𝑓

𝜕𝑥𝑗

𝑁

𝑗=𝑖+1

𝑁−1

𝑖=1

𝑢(𝑥𝑖 , 𝑥𝑗) 

=

𝑓 =
(
𝑁𝑆
𝑡𝑆
−
𝑁𝐵
𝑡𝐵
)

𝜀𝑓𝑋 𝑦
=

𝑅𝑆 − 𝑅𝐵
𝜀𝑓𝑋 𝑦

=
𝑅𝑁

𝜀𝑓𝑋 𝑦

𝜕𝑓

𝜕𝑁𝑆
=

1

𝑡𝑆𝜀𝑓𝑋 𝑦
 

𝜕𝑓

𝜕𝑁𝐵
=

1

𝑡𝐵𝜀𝑓𝑋 𝑦
 

𝜕𝑓

𝜕𝜀
=
−1

𝜀2

(
𝑁𝑆
𝑡𝑆
−
𝑁𝐵
𝑡𝐵
)

𝑓𝑋 𝑦
 

𝜕𝑓

𝜕𝑓𝑋
=

−1

𝑓𝑋
2

(
𝑁𝑆
𝑡𝑆
−
𝑁𝐵
𝑡𝐵
)

𝜀𝑦
 

𝜕𝑓

𝜕𝑦
=
−1

𝑦 2

(
𝑁𝑆
𝑡𝑆
−
𝑁𝐵
𝑡𝐵
)

𝜀𝑓𝑋



ε

ε ε ε

𝑢𝐶
2(𝐴𝑋,𝑍) = (

1

𝑡𝑆𝜀𝑓𝑋 𝑦
)

2

𝑁𝑆 + (
1

𝑡𝐵𝜀𝑓𝑋 𝑦
)

2

𝑁𝐵 +(
−1

𝜀2

(
𝑁𝑆
𝑡𝑆
−
𝑁𝐵
𝑡𝐵
)

𝑓𝑋 𝑦
)

2

(𝜀𝑢𝑅(𝜀))
2 

+(
−1

𝑓𝑋
2

(
𝑁𝑆
𝑡𝑆
−
𝑁𝐵
𝑡𝐵
)

𝜀𝑦
)

2

(𝑓𝑋 𝑢𝑅(𝑓𝑋 ))
2
+ (

−1

𝑦 2

(
𝑁𝑆
𝑡𝑆
−
𝑁𝐵
𝑡𝐵
)

𝜀𝑓𝑋
)

2

(𝑦 𝑢𝑅(𝑦 ))2 

= (
1

𝜀𝑓𝑋 𝑦
)

2

(
𝑁𝑆

𝑡𝑆
2 +

𝑁𝐵

𝑡𝐵
2 ) + (

(
𝑁𝑆
𝑡𝑆
−
𝑁𝐵
𝑡𝐵
)

𝜀𝑓𝑋 𝑦
)

2

(𝑢𝑅
2(𝜀) + 𝑢𝑅

2(𝑓𝑋 ) + 𝑢𝑅
2(𝑦 ))



𝑢𝑅
2(𝐴𝐴𝑋) =

𝑢𝐶
2(𝐴𝑋,𝑍)

𝐴𝑋,𝑍
2  

=

(
1

𝜀𝑓𝑋 𝑦
)
2

(
𝑁𝑆
𝑡𝑆
2 +

𝑁𝐵
𝑡𝐵
2 ) + (

(
𝑁𝑆
𝑡𝑆
−
𝑁𝐵
𝑡𝐵
)

𝜀𝑓𝑋 𝑦
)

2

(𝑢𝑅
2(𝜀) + 𝑢𝑅

2(𝑓𝑋 ) + 𝑢𝑅
2(𝑦 ))

[
(
𝑁𝑆
𝑡𝑆
−
𝑁𝐵
𝑡𝐵
)

𝜀𝑓𝑋 𝑦
]

2  

=

(
𝑁𝑆
𝑡𝑆
2 +

𝑁𝐵
𝑡𝐵
2 )

(
𝑁𝑆
𝑡𝑆
−
𝑁𝐵
𝑡𝐵
)
2 + 𝑢𝑅

2(𝜀) + 𝑢𝑅
2(𝑓𝑋, ) + 𝑢𝑅

2(𝑦 )

𝑢𝑅(𝐴𝑋,𝑍) =
𝑢(𝐴𝑋,𝑍)

𝐴𝑋,𝑍
= √

(
𝑁𝑆
𝑡𝑆
2 +

𝑁𝐵
𝑡𝐵
2 )

(
𝑁𝑆
𝑡𝑆
−
𝑁𝐵
𝑡𝐵
)
2 + 𝑢𝑅

2(𝜀) + 𝑢𝑅
2(𝑓𝑋, ) + 𝑢𝑅

2(𝑦 )

 

λ

𝜕(𝑒−𝑘/𝑇 )

𝜕𝑇
=
+𝑘(𝑒−𝑘/𝑇 )

𝑇2
.



𝜕(𝑒−(𝑙𝑛(2)/𝑇 )(𝑡 −𝑡 ))

𝜕𝑇
=
+ 𝑙𝑛( 2)(𝑡 − 𝑡 )(𝑒−(𝑙𝑛(2)/𝑇 )(𝑡 −𝑡 ))

𝑇2
 

 

(
𝜕(𝑒−(𝑙𝑛(2)/𝑇 )(𝑡 −𝑡 ))

𝜕𝑇
)

2

=
+ 𝑙𝑛2( 2)(𝑡 − 𝑡 )2(𝑒−(𝑙𝑛(2)/𝑇 )(𝑡 −𝑡 ))2

𝑇4
.

𝑢𝐶
2(𝑒−(𝑙𝑛(2)/𝑇 )(𝑡 −𝑡 )) = (

𝜕(𝑒−(𝑙𝑛(2)/𝑇 )(𝑡 −𝑡 ))

𝜕𝑇
)

2

𝑢2(𝑇 ) 

=
+ 𝑙𝑛2( 2)(𝑡 − 𝑡 )2(𝑒−(𝑙𝑛(2)/𝑇 )(𝑡 −𝑡 ))2

𝑇4
𝑢2(𝑇 ).

Δ ≡

𝑢𝐶
2(𝑒−(𝑙𝑛(2)/𝑇 )(𝑡 −𝑡 ))

= (0.693)2(4578)2(𝑒−(0.693/158007)(4578))
2
(

1

1580074
) (219)2 

= 7.45306  

𝑢𝐶(𝑒
−(𝑙𝑛(2)/𝑇 )(𝑡 −𝑡 )) = 2.730

𝑢𝑅(𝐴 (𝑡 )) = √𝑢𝑅
2(𝐶 ) + 𝑢𝑅

2(𝑉′ ) + 𝑢𝑅
2(𝑒−𝜆 (𝑡 −𝑡 )) 

= √
𝑢2(𝐶 )

𝐶2
+ 𝑢𝑅

2(𝑉′ ) + 0.0000282 

= √( )2 + 0.00142 + 0.0000282 = 0.333



𝑢(𝐴 ) = 𝑢𝑅(𝐴 )𝐴

 



 








