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Lecture 2A – Introduction to Error Analysis
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Overview Measurements
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Reporting Uncertainty

1.03 0.03 kg (95% confidence)m = ±

2.36 0.04 m/s (95% confidence)v = ±

2.43 0.08 kg m/s (95% confidence)mv = ± ×

21 2.87 0.13 J (95% confidence)
2
mv = ±
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Reporting Uncertainty of 
Functions

s n f( )F k x x= -

( )s n f30.00 2.50(95% conf.)N/mF x x= ± -
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CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=26544
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True Mean & Standard Deviation

Infinite Precision Exact Measurement

Full Population Measurement

True Mean or Population Mean µº

True Standard Deviation sº
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Sample Mean & Residuals

{ }1 2, , Nx x x!
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xµ -How do we estimate

i ixe µ= -

{ }1 2, , Ne e e!

Can we calculate the error

The set of errors

The set of measurements

Calculate the residual

{ }1 2, , Ne e e!The set of residuals

i ie x x= -
?

?
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Sample Variance and Standard Dev.
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is calculated from the 𝑥!.

Number of independent values in calculation

x

2S S=

Sample variance True variance

Sample standard deviation:

µ is not
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Can we estimate          yet?

Are We There Yet?

xµ -

No, but we can estimate the 
spread of our data from S.

Weight of Cereal in Ounces
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Standard Error

St. Err. S
N Nµ
ss= = »

Est. St. Err. x
SS
N

= =

For enough points (68% conf.)xx Sµ = ±

For example, 42.000 0.007(68% conf.)y = ±
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Student’s t

Go to https://en.wikipedia.org/wiki/Begging_the_question

By Sami Keinänen -
www.flickr.com, CC BY-SA 2.0, 
https://commons.wikimedia.org/
w/index.php?curid=802514

By User Wujaszek on pl.wikipedia
- scanned from Gosset's obituary 
in Annals of Eugenics, Public 
Domain, 
https://commons.wikimedia.org/
w/index.php?curid=1173662

Calculate    and S.x

Calculate .xS

Choose a confidence level,
For example, 95% or p = 0.05.
Find t given p and df = N - 1.
Then xtSl =
and (1  conf.)x pµ l= ± -

42.000 0.067(95% conf.)x = ±For example,
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What Does It Mean?

x
tStS
N

l = =
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Insert LabVIEW Demo Here
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Takaways

1. Make at least three measurements.

2. Calculate the confidence interval from the estimated standard 

error and the Student’s t value.

3. Report your results with the confidence interval and the confidence 

level, e.g., 42.000±0.067(95% conf.).
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