
ENSEA EVE
Exercices on measurement uncertainties

Exercise 1: Gravitational acceleration
Students in a lab measure the gravitation acceleration at the surface of earth. Eight measures
results are obtained each in m · s−2, summed up in the following table :

student 1 student 2 student 3 student 4 student 5 student 6 student 7 student 8
6.2 1 8.35 2 13.00 8.37 8.54 5 9.67 9.75 10.66

1. What global commentary can be made on the table ? (no calculus or computation needed)

2. Compute the arithmetic mean.

3. Compute the standard deviation.

4. With a confidence interval of 95%, what is the uncertainty on the arithmetic average? Is
this result coherent?

5. Another student performs a last measurement in the same experimental conditions. What
is the probability that he obtains a value between 8 and 12 m · s−2.

Exercise 2: test of a thermal insulator
A thermal insulation material supplier specifies a product of 0.039 ± 5%W ·m−1 ·K−1. Before
using the material, a test is made on 10 random samples. Measurements give :

test 1 2 3 4 5 6 7 8 9 10
value 39.1 38.8 39.5 39.2 38.9 39.1 39.2 41.1 38.6 39.3

1. Are these values in the range specified by the supplier ?

2. Is the uncertainty correct regarding the 10 samples picked ?

Exercice 3 : Measurement with a Bessel focometer
A focometer is an instrument enabling the measurement of depth of focus f ′ of a convergent
lens. This technique relies on the geometrical measurement of a distance D between of object
and its image on a screen. If D > 4f ′, there are two positions on which the image is clear or
sharp. The distance between these two position is called d. The depth of focus is given by :

f ′ = (D2 − d2)/4D

The measured distances are : {
D = 2000 ± 10mm
d = 536 ± 20mm

(1)

Compute the uncertainty on f ′.
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Exercice 4 : Refractive index measurement
The objective is to measure the refraction index n2 of a glass material. An experimental setup
is build with a laser beam. Descartes laws of optic give:

n1 · sin (i1) = n2 · sin (i2)

with ni the refractive indexes and ii the corresponding angle from the normal of surfaces. By
geometric measurement: n1 = nair = 1, i1 = 30 ± 1◦ what i2 = 20 ± 2◦. Compute the value
and uncertainty of n2.

Exercice 5 : Current measurement
Current measuremetn are performed in a lab with a digital amp. meter. The following mea-
surement is made :

1. Only by graphical reading (Type B uncertainty), what is the uncertainty that can be ex-
peted?

The product datasheet contains the following table:

2. Compute the uncertainty in our case. What conclusion can be drawn on the digits provided
on the front of the device?
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A same source is measured with 12 identical devices:

3. Compute I the arithemtic mean and σI the standard deviation of the measurement set.

4. For a confidence interval of 95%, what is the Student’s value?

5. What is the observed uncertainty?

6. Compute the observed uncertainty considering the Central Limit Theorem. Compare these
values.
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