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Gaussian Distribution

If the errors for a set of measurements are

random, then the measurements can be

represented by a Gaussian distribution

Two quantities are used to describe a

Gaussian curve

The Mean—the arithmetic average of all

measurements

The Standard Deviation—a measure of the

spread in the measurements

Gaussian Distribution

Mean:

n = total number of measurements

Standard deviation

the factor n-1 in the denominator is called the

degrees of freedom
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Gaussian Distribution

For small, finite number of measurements, the

mean and standard deviation are only

approximations of the “true” mean ( ) and

standard deviation of the sample (σ)

For a large number of measurements:

lim
n →•

 x  =  μ

lim
n →•

s =  σ

Gaussian Distribution

The mathematical expression for a Gaussian

distribution is:
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The factor 1/σ(2π)1/2 is a normalization constant and

assures that the area under the curve for the Gaussian

function equal unity
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Gaussian Distribution
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Gaussian Distribution

68.3% of measurements fall within ±1σ of the

mean for a Gaussian distribution

If we report the error bars of a measurement as ±1

σ, we are confident that 68% of our results will lie

within 1σ of the true value

95.5% of measurements fall within ±2σ of the

mean

99.7% of measurements fall within ±3σ of the

mean

Confidence Intervals

Reported confidence intervals can be

calculated using the student’s t values (found

in Table 4-1)

 = xavg ± (t⋅s)/n1/2

the value of t depends on the number of

degrees of freedom and the confidence level

you want to report
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Confidence Intervals

Values of student t at 95% confidence level

d.f.s 95% confidence

   1      12.706

   2        4.303

   3        3.182

   4        2.776

   5        2.571

 10        2.228

 40        2.021

Student t’s

Student t’s can also be used to compare

different measurements to see if they give the

same results within experimental errors

There are three different cases to consider:

Comparing measured result with “true” value

Comparing results from replicate measurements

Comparing individual differences from alternate

experimental techniques
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Student t’s

Comparing measured result with “true” value

Use confidence interval expression at desired

level of confidence to see if “true” value lies

within prescribed range for results

 = xavg ± (t⋅s)/n1/2

Student t’s

Comparing results from replicate

measurements

tcalc =
x 1 − x 2
s pooled

 
n1n2

n1 + n2

s pooled =
(xi − x 1)

2 + (x j − x 2)2

set 2
∑

set 1
∑

n1 + n2 − 2

If tcalc > ttable, the two results are statistically

different
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Student t’s

Comparing individual differences from

alternate experimental techniques

define di as the difference between results for

same sample by different experimental

methods

sd =
(di − d )2∑
n −1

tcalc =
d 

sd

 n

If tcalc > ttable, the results

are statistically different

Exclusion of Data Points—the Q

Test

Suppose you have a series of maesurements
for a given sample, and one data point seems
to be far outside the average range of the
other data

We use the Q test to see if that point can be
excluded from the calculation of the mean and
standard deviation

Calculated range between extremes of
data—highest data value minus lowest data value

Calculate gap between suspect data and nearest
neighbor
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Exclusion of Data Points—

the Q Test

Q is define as ratio of data gap to data range

If Qcalc > Qtable, the point may be excluded

Q (90%)  n

   0.76   4

   0.64  5

   0.56  6

   0.51  7

   0.47  8

   0.44  9

range

gap
Qcalc =


