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Uncertainty of measurements and operations:

Uncertainty can refer to either measurements or operations. While the same word
(uncertainty) is used for both they cannot be interchanged.

Uncertainty of a measurement refers to how you made the measurement and the
precision of the instrument you used. it tells you the range of the measurement and
how you estimated the last digit of the measurement.

Example: You measured the width of your textbook and recorded the value as
0.2619 m. Because no uncertainty is listed we assume it to be +0.0001 m, which tells
you that you estimated to the tenth of a mm (0.0001m) which you estimated to be
0.0009 m, or 0.9 mm (with your eye you broke down the distance between the mm
markings on the meter stick into 10 places- you chose the 9th place).

The second to the last digit the “1” (0.2619m) tells you the smallest increment of the
instrument. In other words, the meter stick had the thousandth of a meter (mm) as its
smallest division of units. The uncertainty of the measurement is 0.0001 m. If you write
the measurement with its uncertainty it would be 0.2619 + 0.0001 m. This tells you that
the measurement is between 0.2618 m and 0.2620 m (no smaller or no larger).
Percentage of uncertainty of a measurement simply lists the uncertainty of a
measurement as a percentage by dividing it (the uncertainty of the measurement) by
the measured value and multiplying by 100. This allows you at a glance to see how
much you can trust your measurement.

As for your measurement of 0.2619 +0.0001 m, the percentage of uncertainty of the
measurement is 0.0001 m/0.2619 m x 100 = 0.04%

Examg!e You measure a distance to be 4.5 x 105 m. The uncertainty of the measure-

ment is 0.1 x 109 m. You write it (4.5 + 0.1) x 105 m. The percentage of uncertainty of
the measurementis 0.1 x 105 m /4.5 x 105 m x 100 = 2%.

Uncertainty of an operation tells you the maximum (minimum) amount the operation
could be off. Examples of operations are any time we use our measurements in
formulas (like volume, area, density, laws of motion, gas laws, etc.). To find uncertainty
of an operation we perform the operation using the measured values and then perform
it again adding (or subtracting) the uncertainty of each measurement. We then find the
difference in the two operations and list it as the uncertainty of the operation.

Example: You measure the radius of a circle to be 2.35 cm. What is the uncertainty of

the area of the circle. AA=1A2- A1} A =nrl =x (2.35cm)2 = 17.3 cm?
A2 = nre = ¢ (2.36 cm)2 = 17.5 cm@

AA=1175cm2-17.3cm?l =0.2cm?2

% of uncertainty of the operation is AA/, operation value X 100

% (oper) =0.2 cm?2 /17.3 cm2 X 100 = 1%
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Accuracy of a measurement is another way to analyze a measurement. It refers to the
closeness of a measurement to an accepted value. Accuracy is expressed in terms of
Error. Error is analyzed in terms of an absolute and relative value. Absolute error (E3)

is the actual closeness to an accepted value where Eg = 10 - Al and “O” is your

observed measured value or property and “A’ is the accepted value for the
measurement or property. Relative Error (Er) is expressing your accuracy (error) as a

percentage where Er = E53/a x 100.

Example: You measure the accleration due to gravity to be 9.29 m/s2 and your book
states the accepted value to be 9.81 m/s2.

Eg =10 - Al =19.29 m/s2- 9.81 m/s2l = 0.52 m/s2

Er = Ea/a x 100 = 0.52m/s2/9 81 m/s2 X 100 = 5.3%




