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Data Analysis Summary

Errors of observation

• Error:  the difference between the observed value 
of any physical quantity and the ‘actual’ valueof any physical quantity and the actual value.

• Human error: due to observational reasons.
• Systematic error: due to the instruments and it 

determines the accuracy of the reading.
• Random error: due to environmental reasons or 
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nature of the measurement
• Note difference between accuracy and precision.

Estimation of Errors

• The  maximum possible error is 0.5 cm
• Therefore A = 4.0 ± 0.5 and B = 5.0 ± 0.5
• Absolute error is 0.5 cm, but relative (percentage) 

error changes
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error changes.
• Relative error of A is 0.5/4.0 x 100% = 12.5%
• If C is 50, then relative error of C is 0.5/50 x 

100% = 1%.

Propagation of Errors
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Examples

Given a = 10 ± 2, b = 7 ± 3.
• d = a + b = 17 ± (2+3).
• e = a - b = 3 ± (2+3).
• f = a x b = 70 ± Δf

where Δf = (2/10 + 3/7) x 70 = 44.
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• g = a/b = 1.43 ± Δg
where Δg = (2/10 + 3/7) x 1.43 = 0.90.

Statistical Nature of Random Error

•No “accurate” value
•Mean value with uncertainty

6e.g. radioactive decay

• Expectation value
• Frequency distribution function

Terminologies

n• Frequency distribution function
• Mean value

– For discrete x values, the mean 
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– For continuous distribution, 

– The mean value is only a sample mean, it may 
be quite different from the true mean value.
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Terminologies
• Deviation = 
• Sample variance s2

xxi −

• Standard deviation = (variance)1/2 = s
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• Normalization – a distribution function is said to 
be normalized if the total area under the 
distribution curve is equal to 1.  i.e. 
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Statistical Models
• Binomial distribution
• Poisson distributionPoisson distribution
• Gaussian or Normal distribution

– standard deviation  σ = (mean)1/2

– distribution is symmetric about mean
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Example - mean
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Mean value 
= (4x1 + 5x2 + 6x3 +7x4 + 8x3 + 9x2 + 10x1) /16 = 7

Arithmetic & Geometric Mean

Arithmetic mean
e g the size distribution

G i

e.g. the size distribution 
of atmospheric aerosols 
is Guassian  when the 
size is plotted in a log 
scale.x
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log x

Geometric mean

Mean and Root-mean-squared 
Value

• R.M.S. equals the square root of the mean 
of the squared valueof the squared value.

• E.g. for five measurement results: 9.81, 9.80, 
10.0, 9.60, 9.71
– Mean = (9.81 + 9.80 + 10.0 + 9.60 + 9.71)/5 = 

9.784

12

– R.M.S. = 

785.9
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R.M.S. of AC
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Example - standard deviation

What is the standard deviation of the 
previous distribution?previous distribution?
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Confidence Levels
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Example - relative error

X = 100 X = 10000

σ = 10

σ/x = 0.1 = 10 %

σ = 100

σ/x = 0.01 = 1 %

16

X = 100 ± 10

at 68.3 % C.L.

X = 10000 ± 100

at 68.3 % C.L.
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Useful statistical equations
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Least Squares Approximations
• A curve fitting technique
• Minimize the sum of the squares of the deviations
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Other curves 
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