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The  smoothed average  makes measurements less sensible to quick fluctuations. 
 𝒙̅𝒌 = 𝜶𝒙𝒌 + (1 − 𝜶)𝒙̅𝒌−𝟏  

simulates an analogous meter with a pointer that tries to continually follow the changing input value.  
The input is a sequence of individual measurements at regular time intervals.  The meter's pointer is 
a bit slow in adjusting itself to each new value,  so it also tries to retain its prior position,  hence it 
comes out at some weighed average of the two,  where the weight  𝜶  is to be considered the meter's 
sensibility or quickness.  Before we start measuring,  the still unused meter usually indicates zero: 

 𝒙̅# ≔ 0  

measurement smoothed average sofar 
 𝑥0   𝒙𝟎  = 𝜶𝒙𝟎 + (1 − 𝜶)𝒙̅#  

= 𝛼𝑥0  
 𝑥1   𝒙𝟏  = 𝜶𝒙𝟏 + (1 − 𝜶)𝒙̅𝟎  
 𝑥2   𝒙𝟐  = 𝜶𝒙𝟐 + (1 − 𝜶)𝒙̅𝟏  

= 𝛼𝑥2 + (1 − 𝛼)(𝛼𝑥1 + (1 − 𝛼)𝑥̅0)  
= 𝛼𝑥2 + (1 − 𝛼)𝛼𝑥1 + (1 − 𝛼)2𝛼𝑥0  
= 𝛼(𝑥2 + (1 − 𝛼)𝑥1 + (1 − 𝛼)2𝑥0)  

 𝑥3   𝒙𝟑  = 𝜶𝒙𝟑 + (1 − 𝜶)𝒙̅𝟐  
= 𝛼𝑥3 + (1 − 𝛼)(𝛼(𝑥2 + (1 − 𝛼)𝑥1 + (1 − 𝛼)2𝑥0))  
= 𝛼(𝑥3 + (1 − 𝛼)𝑥2 + (1 − 𝛼)2𝑥1 + (1 − 𝛼)3𝑥0)  

 𝑥𝑛   𝒙̅𝒏  = 𝛼(𝑥𝑛 + (1 − 𝛼)𝑥𝑛−1 + (1 − 𝛼)2𝑥𝑛−2 +⋯+ (1 − 𝛼)𝑛𝑥0)  
= 𝛼((1 − 𝛼)0𝑥𝑛−0 + (1 − 𝛼)1𝑥𝑛−1 + (1 − 𝛼)2𝑥𝑛−2 +⋯+ (1 − 𝛼)𝑛𝑥𝑛−𝑛)  
= 𝛼∑ (1 − 𝛼)𝑘𝑥𝑛−𝑘

𝑛
𝑘=0   

 

Hence: 𝒙̅𝒏 = 𝜶∑(𝟏 − 𝜶)𝒌𝒙𝒏−𝒌

𝒏

𝒌=𝟎

   

Apart from the overall factor: 𝜶 
the  𝒌th-prior measurement has a weight of: (1 − 𝜶)𝒌 (note:  𝒌  starts at  0) 

We can derive a half-life: (1 − 𝜶)𝑲 = 1 2⁄  
 ∴ 𝑲 = log(1−𝜶)(1 2⁄ ) 

 ∴ 𝑲 =
ln(1 2⁄ )

ln(1−𝜶)
=

− ln 2

ln(1−𝜶)
 

Similarly, the "lifetime" is: 𝑳 =
ln(1 𝑒⁄ )

ln(1−𝜶)
=

−1

ln(1−𝜶)
 

We also find: 1 − 𝜶 = √1 2⁄
𝑲  

 ∴ 𝜶 = 1 − √1 2⁄
𝑲  = 1 − 2−1 𝑲⁄  

as well as:  𝜶 = 1 − 𝑒−1 𝑳⁄  

We've also got: 𝑲 = − ln 2 ln(1 − 𝜶)⁄  
as well as: 𝑳 = −1 ln(1 − 𝜶)⁄  
We will call: 𝑲 the  half-count, 
 𝑳 the  life-count 
and: 𝜶 the  sensibility. 
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Sensibility  𝜶  as function of  half-count  𝑲 

It seems obvious that this only makes sense if we make 
at least two measurements (numbered  0  and  1), 

hence: 𝑲 ≥ 1 

half-count  𝑲 sensibility  𝜶            life-count  𝑳 sensibility  𝜶 
1                0.5000  1                0.6321 
2                0.2929  2                0.3935 
3                0.2063  3                0.2835 
4                0.1591  4                0.2212 
5                0.1294  5                0.1813 
6                0.1091  6                0.1535 
7                0.09428  7                0.1331 
8                0.08300  8                0.1175 
9                0.07413  9                0.1052 

10                0.06697  10                0.09516 
 

sensibility  𝜶 half-count  𝑲 life-count  𝑳 
1/2 =  0.5000 1.000 1.443 
1/3 =  0.3333 1.710 2.466 
1/4 =  0.2500 2.409 3.476 
1/5 =  0.2000 3.106 4.481 
1/6 =  0.1667 3.802 5.485 
1/7 =  0.1429 4.497 6.487 
1/8 =  0.1250 5.191 7.489 
1/9 =  0.1111 5.885 8.490 

1/10 =  0.1000 6.579 9.491 
 

For daily measurements  (e.g. your body weight), 
a rounded  half-count  of  7  obviously yields a  half-time  of a  week 

(bold in these tables). 
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