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Discussion,
Conclusions

Analysis,
Graph,

Calculations
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Grading

8 marks as follows

0: No show

1: Do experiment partially with 
incomplete results

2–3: Do experiment with major error in 
method or analysis

4–5: Do experiment satisfactorily but 
with minor faults

6: Do experiment well

0—2 in addition to the above

Notebooks:

Error analysis: 
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Systematic vs. Random 
Errors

! Systematic errors: 
− Errors that are repeatable from 

measurement to measurement. 
! Stop clock limitation. 
! Meter stick offset 

! Random errors: 
− Errors that give different result every 

time. 
! Reaction time etc.
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Measuring
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Measuring
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Measuring
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Measuring
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Measuring

Different measurements
give

Different results
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Histograms
! A graphical display of tabulated frequencies. 
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Histograms
! A graphical display of tabulated frequencies. 

How can we describe this ?
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Bell Curve

Average Value:
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Bell Curve

Standard Deviation:
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Bell Curve

Standard Deviation of Mean:
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Overall measurement values 
and uncertainties  

One measurement
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Overall measurement values 
and uncertainties  

One measurement

Average measurement
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Overall measurement values 
and uncertainties  

One measurement

Average measurement

Therefore we want a large N (number of trials) to  
reduce the error.
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0.6.1 Rule 1: A constant multiple 
If  
Y= k A 
where k is a constant, then  
ΔY = k ΔA

Example: x = 1.4 ± 0.1 m, 2x  = 2.8±0.2m

Propagation of Errors
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Propagation of Errors

Rule 2: Addition and Subtraction  (“provisional” rule)

�Y = �A+�B
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Propagation of Errors

Rule 2: Addition and Subtraction  (“provisional” rule)

�Y = �A+�B
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Sum of two measurements  
width w = 0.24 ± 0.03 m 
length l = 0.89 ± 0.04 m 
sum s = w + l = 0.24 + 0.89 m = 1.13 m

Propagation of Errors
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Sum of two measurements  
width w = 0.24 ± 0.03 m 
length l = 0.89 ± 0.04 m 
sum s = w + l = 0.24 + 0.89 m = 1.13 m

Propagation of Errors

s = 1.13 ± 0.07 m
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Propagation of Errors

Rule 3: Multiplying or Dividing  (“provisional” rule)

�Y

Y
=

�A

A
+

�B

B
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Propagation of Errors

Rule 3: Multiplying or Dividing  (“provisional” rule)

This means that you add “percentage” or 
“fractional” errors when quantities are multiplied or 

divided

�Y

Y
=

�A

A
+

�B

B
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Area is the product of width and length  
A =wl =(0.24 m) (0.89 m) = 0.2136 m2

Propagation of Errors
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Area is the product of width and length  
A =wl =(0.24 m) (0.89 m) = 0.2136 m2

Propagation of Errors

ΔA= (0.17)(0.21360m2) = 0.036 m2
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Area is the product of width and length  
A =wl =(0.24 m) (0.89 m) = 0.2136 m2

Propagation of Errors

ΔA= (0.17)(0.21360m2) = 0.036 m2

so one should write: A = 0.21±0.04 m2
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Propagation of Errors

Rule 4: Exponents or Powers 

�Y

Y

= x

�A

A
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Propagation of Errors

Rule 4: Exponents or Powers 

�Y

Y

= x
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Propagation of Errors

Rule 4: Exponents or Powers 

This means that you multiply the “percentage” or 
“fractional” error by the exponent.

�Y

Y

= x

�A

A
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Measure the radius of a circle at 5.1 ± 0.1 cm. 

Area is A = πr2

Propagation of Errors

r = 5.1 cm ± 0.1 cm  that’s 2% error

Rule 4: Exponents or Powers 
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Measure the radius of a circle at 5.1 ± 0.1 cm. 

Area is A = πr2

Propagation of Errors

so one should write: A = 82 ± 3 cm2

r = 5.1 cm ± 0.1 cm  that’s 2% error

Rule 4: Exponents or Powers 



24

Measure the radius of a circle at 5.1 ± 0.1 cm. 

Area is A = πr2

Propagation of Errors

so one should write: A = 82 ± 3 cm2

r = 5.1 cm ± 0.1 cm  that’s 2% error

A= (π 5.12) = 81.7 cm2 ±4% 

Rule 4: Exponents or Powers 
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Substitute for the maximum and minimum 
values:
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Substitute for the maximum and minimum 
values:

So write:


