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“The only relevant thing is uncertainty — the extent of our

knowledge and ignorance. The actual fact of whether or

not the events considered are in some sense determined,
or known by other people, and so on, is of no consequence”

(Bruno de Finetti)
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What is measurement?

ATLAS Experiment at LHC (CERN, Geneva)




What is measurement?
ATLAS Experiment at LHC [length: 46 m; & 25m |
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~ 3000 km cables

=~ 7000 tonnes ~ 100 millions electronic channels




What is measurement?

Two flashes of ‘light’ (2 4's) in a ‘noisy’ environment.

@© GdA, RM23-01 11/01/23  2/13




What is measurement?

Two flashes of ‘light’ (2 4's) in a ‘noisy’ environment.

Higgs — 7
@© GdA, RM23-01 11/01/23  2/13




What is measurement?

Two flashes of ‘light’ (2 4's) in a ‘noisy’ environment.

Higgs — yv? Probably not. ..
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What is measurement?

Higgs — 7y
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Quite indirect measurements of something we do not “see"”!
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Can we “see” physics quantities?

But, can we see our mass?
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Can we “see” physics quantities?

...or a voltage?
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Can we “see” physics quantities?

...or our blood pressure?
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Can we “see” physics quantities?

Certainly not!
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Can we “see” physics quantities?

Certainly not!

... although for some quantities we can have

a 'vivid impression’ (in the David Hume's sense)
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Measuring a mass on a scale
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Equilibrium:

mg — kAx 0

Ax — 0 — scale reading

(with ‘g’ gravitational acceleration; 'k’ spring constant.)




Measuring a mass on a scale
1

Joyce@gohide-intl.com

Equilibrium:

mg — kAx

0

Ax — 0 — scale reading

(with ‘g’ gravitational acceleration; 'k’ spring constant.)

From the reading to the value of the mass:

scale reading

- g 1" m
given g, k, “etc.”. ..
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Measuring a mass on a balance

scale reading — m
given g, k, “etc.”...
Dependence on ‘g’: 2 GMy
g = Rg25

© GdA, RM23-0111/01/23 5/13



Measuring a mass on a balance

scale reading — m
given g, k, “etc.”. ..
Dependence on ‘g’: 2 GMy
8§ = RE25

Position is usually not at “Ré” from the Earth center;

Earth not spherical. ..

...and not even homogeneous.

| 2

| 2

> ...not even ellipsoidal. ..

>

> Moreover we have to consider centrifugal effects
>

...and even the effect from the Moon
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Measuring a mass on a balance

scale reading m
given g, k, “etc.”. ..
Dependence on ‘g’: 2 GMg
g = R%

Position is usually not at “Ré" from the Earth center;
Earth not spherical. ..

... not even ellipsoidal. ..

>

>

>

» . ..and not even homogeneous.

» Moreover we have to consider centrifugal effects
>

...and even the effect from the Moon

Certainly not to watch our weight @
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Measuring a mass on a balance

scale reading m
given g, k, “etc.”. ..
Dependence on ‘g’: 2 GMg
g = Ré

Position is usually not at “Ré” from the Earth center;
Earth not spherical. ..

... not even ellipsoidal. ..

>

>

>

P> .. .and not even homogeneous.

» Moreover we have to consider centrifugal effects
>

...and even the effect from the Moon

Certainly not to watch our weight &
But think about it!
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Measuring a mass on a balance

scale reading — m
given g, k,

etc.”. ..
Dependence on ‘k’:

> temperature
» non linearity
> ...
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Measuring a mass on a balance

scale reading

iven g, k,
Dependence on ‘k’: & £

> temperature
» non linearity
> ...
Ax — 0§ — scale reading:

> left to your imagination. ..

i“

”

etc. . ..
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Measuring a mass on a balance

scale reading — m
given g, k,

etc.”. ..
Dependence on ‘k’:

> temperature
» non linearity
> ...
Ax — 6 — scale reading:
> left to your imagination. ..
+ randomic effects:
» stopping position of damped oscillation;

» variability of all quantities of influence (in the ISO-GUM
sense);

> reading of analog scale.
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Measuring a mass on a balance

scale reading — m
given g, k,

etc.”. ..
Dependence on ‘k’:

> temperature
» non linearity
> ...
Ax — 0§ — scale reading:
> left to your imagination. ..
+ randomic effects:
» stopping position of damped oscillation;
» variability of all quantities of influence (in the ISO-GUM
sense); = mmn

> reading of analog scale.
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Mass — Reading

mass

N

reading
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Mass — reading
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Reading — ‘true’ mass

mass

PS N

reading
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Reading — ‘true’ mass

mass

N
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Sources of uncertainties (from ISO GUM)

1 incomplete definition of the measurand
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Sources of uncertainties (from ISO GUM)

1 incomplete definition of the measurand
— &
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2 imperfect realization of the definition of the measurand

— scattering on neutron
—how to realize a neutron target?
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Sources of uncertainties (from ISO GUM)

1 incomplete definition of the measurand
— &
—where?
—inertial effects subtracted?
2 imperfect realization of the definition of the measurand
— scattering on neutron
—how to realize a neutron target?
3 non-representative sampling — the sample measured may
not represent the measurand;

4 inadequate knowledge of the effects of environmental
conditions on the measurement, or imperfect
measurement of environmental conditions;
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Sources of uncertainties (from ISO GUM)

1 incomplete definition of the measurand
— &
—where?
—inertial effects subtracted?
2 imperfect realization of the definition of the measurand
— scattering on neutron
—how to realize a neutron target?
3 non-representative sampling — the sample measured may
not represent the measurand;

4 inadequate knowledge of the effects of environmental
conditions on the measurement, or imperfect
measurement of environmental conditions;

5 personal bias in reading analogue instruments;
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Sources of uncertainties (from ISO GUM)

6 finite instrument resolution or discrimination threshold;
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7 Iinexact values of measurement standards and reference
materials;

8 inexact values of constants and other parameters obtained
from external sources and used in the data-reduction
algorithm;
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Sources of uncertainties (from ISO GUM)

6 finite instrument resolution or discrimination threshold;

7 Inexact values of measurement standards and reference
materials;

8 inexact values of constants and other parameters obtained
from external sources and used in the data-reduction
algorithm;

9 approximations and assumptions incorporated in the
measurement method and procedure;
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Sources of uncertainties (from ISO GUM)

6 finite instrument resolution or discrimination threshold;

7 Iinexact values of measurement standards and reference
materials;

8 inexact values of constants and other parameters obtained
from external sources and used in the data-reduction
algorithm;

9 approximations and assumptions incorporated in the
measurement method and procedure;

10 variations in repeated observations of the measurand
under apparently identical conditions.
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Sources of uncertainties (from ISO GUM)

6 finite instrument resolution or discrimination threshold;
7 Iinexact values of measurement standards and reference
materials;

8 inexact values of constants and other parameters obtained
from external sources and used in the data-reduction
algorithm;

9 approximations and assumptions incorporated in the
measurement method and procedure;

10 variations in repeated observations of the measurand
under apparently identical conditions.

Note
» Sources not necessarily independent

» In particular, sources 1-9 may contribute to 10
(e.g. not-monitored electric fluctuations)
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ISO dictionary

ISO: International Organization for Standardization
GUM: Guides to the expression of Uncertainty in Measurement
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GUM: Guides to the expression of Uncertainty in Measurement
Measurand: “particular quantity subject to measurement.”

True value: “a value compatible with the definition of a given
particular quantity.”

Result of a measurement: ‘“value attributed to a measurand,
obtained by measurement.”

Uncertainty: “a parameter, associated with the result of a
measurement, that characterizes the dispersion of the
values that could reasonably be attributed to the
measurand.”

Error: “the result of a measurement minus a true value of
the measurand.”
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ISO dictionary
ISO: International Organization for Standardization
GUM: Guides to the expression of Uncertainty in Measurement
Measurand: “particular quantity subject to measurement.”

True value: “a value compatible with the definition of a given
particular quantity.”

Result of a measurement: ‘“value attributed to a measurand,
obtained by measurement.”

Uncertainty: “a parameter, associated with the result of a
measurement, that characterizes the dispersion of the
values that could reasonably be attributed to the
measurand.”

Error: “the result of a measurement minus a true value of
the measurand.”

Error and uncertainty are not synonyms!
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Type A and Type B uncertainties

Type A evaluation (of uncertainty): “method of evaluation of
uncertainty by the statistical analysis of series of
observations.”
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Type A evaluation (of uncertainty): “method of evaluation of
uncertainty by the statistical analysis of series of
observations.”

Type B evaluation (of uncertainty): “method of evaluation of
uncertainty by means other than the statistical
analysis of series of observations.”
= “...the standard uncertainty u(x;) is evaluated
by scientific judgement based on all of the available
information on the possible variability of X;.
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Type A and Type B uncertainties

Type A evaluation (of uncertainty): “method of evaluation of
uncertainty by the statistical analysis of series of
observations.”

Type B evaluation (of uncertainty): “method of evaluation of
uncertainty by means other than the statistical
analysis of series of observations.”
= “...the standard uncertainty u(x;) is evaluated
by scientific judgement based on all of the available

information on the possible variability of X;.
The pool of information may include

» previous measurement data;

» experience with or general knowledge of the
behaviour and properties of relevant materials
and instruments;

» manufacturer’s specifications;
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Type A and Type B uncertainties
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Type A and Type B uncertainties

Type A evaluation (of uncertainty): “method of evaluation of
uncertainty by the statistical analysis of series of
observations.”

Type B evaluation (of uncertainty): “method of evaluation of
uncertainty by means other than the statistical
analysis of series of observations.”
= “...the standard uncertainty u(x;) is evaluated
by scientific judgement based on all of the available
information on the possible variability of X;.

The pool of information may include

» previous measurement data;

» experience with or general knowledge of the
behaviour and properties of relevant materials
and instruments;

» manufacturer’s specifications;

data provided in calibration and other certificates;

uncertainties assigned to reference data

taken from handbooks.”
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