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atom is measured to have spin up. 

;o reliably predict the probability ?e must perform repeated eAperiments and produce an 

eAperimental histogram of the data aCin to the plot in Dig. /.  Drom the statistical properties of 

the histogram ?e can then estimate the probability and determine an error or uncertainty in that 

probability. 

Ee generally characterize a probability distribution by % quantitiesH (/) the average or 

mean or eApectation value, ?hich is denoted by !  or ! , and (%) the standard deviation !, 

?hich is the square root of the variance !
%
.  ;he mean tells you ?here the distribution is centered 

and the standard deviation tells you about the ?idth of the distribution.  ;he mean is obtained as 

a ?eighted average of the possible resultsH 

 ! ! !
!

! " !" # , 

?here !(") is the probability of recording " counts.  ;he variance is defined as 

 !
!
= ! " !" #

!

!

# " !" # . 

Dor the binomial distribution, the mean is 

 ! ! "P , 

and the standard deviation is 

 ! ! !P !" P" # . 

EAperimental data is also commonly characterized by these t?o quantities.  Monsider an 

eAperiment ?here a variable # is measured $ times to yield a data set #i.  ;he mean !  (or 

average value) of this data is 

 ! !
!

"
!
#

#!!

"

! . 

;he standard deviation % of the data is  

 ! !
!

" !!
(#

$
! # )

$

$!!

"
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" !!
#
$

$
!

"

" !!
#
$

$!!

"

" . 

;o connect this firmly to our eAperiments, assume that the variable # represents the 

number of times a certain result ?as obtained in & tries (e.g', & atoms leave the oven and ?e 

measure ho? many end up as spin up).  Nou ?ould thus eApect (and it is true) that the best 
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the histogram tell us how many times a given number of heads occurred.  The solid circles 

(connected by a solid line only as a guide to the eye) are the expected values given that the 

probability of a head is 1F2; this is just the binomial distribution shown in Fig. 1.  The data have a 

mean of 5.42, with a standard deviation of 1.70, which you can see gives a measure of the width 

of the distribution of measurements but is much larger than what you might guess is the 

uncertainty of the mean value.  (Note that if we do more experiments (increase !), the standard 

deviation s will not decrease, but we expect our uncertainty in the mean (i.e#, the standard 

deviation of the mean) to decrease.)  From this data we would estimate the probability  P  of a 

head and its uncertainty  ! P  to be 
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Note that the uncertainty is about 3M of the value of the probability.  This is a common 

result in statistics: if you measure something ! times, you can generally determine it with a 

precision of 1 " ! .  We already saw this in the standard deviation of the mean.  In our counting 

experiments here, we are actually counting !$ atoms and it shouldnQt matter whether we 

measure them as ! groups of $ or $ groups of !, or any other combination; it's all the same 

data.  This is evident if we recall that the standard deviation of the probability distribution scales 

as ! .  Thus we expect the uncertainty in the probability to scale like: 
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In the coin tossing example above !$ T 1000 flips, so ! " !### ! $% .  In the 10 atoms case 

shown in U2 of the lab above, !$ T 100 atoms, so ! " !## = !#$ . 

Note that the experimental estimate of the probability in the coin tossing example above 

differs from what we know the real value to be by about 2.5 times the standard deviation.  This is 

only expected to happen 1.5M of the time, but it can happen.  We expect our results to be within 

one standard deviation 68M of the time and within 2 standard deviations 95M of the time. 

 

 


