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Random & Systematic Errors

* Measurements of quantities are made with the aim of finding the true value of that quantity

* Inreality, itisimpossible to obtain the true value of any quantity as there will always be a
degree of uncertainty

¢ Theuncertainty is an estimate of the difference between ameasurementreadingandthe
true value

* Random and systematic errors are two types of measurement errors thatlead to
uncertainty

Random error
¢ Random errors cause unpredictable fluctuations in aninstrument’s readings as a result of
uncontrollable factors, such as environmental conditions
¢ This affects the precision of the measurements taken, causing a wider spread of results
about the meanvalue
¢ Toreducerandom error:
o Repeat measurements several times and calculate anaverage fromthem

Systematic error

» Systematic errors arise from the use of faulty instruments used orfrom flaws in the
experimental method
» This type of erroris repeated consistently every time theinstrument is used orthe methodis
followed, which affects the accuracy of allreadings obtained
* Toreduce systematic errors:
o Instruments should be recalibrated, or differentinstruments should be used
o Corrections oradjustments should be made to the technique
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Zero error

¢ This is a type of systematic error which occurs when aninstrument gives a reading when the
truereadingis zero

« This introduces a fixed errorinto readings which must be accounted forwhen the results are
recorded
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Precision & Accuracy

Precision

* Precise measurements are ones in which there is very little spread about the mean value, in
otherwords, how close the measured values are to each other

» |f ameasurementis repeated severaltimes, it can be described as precise when the values
arevery similarto, orthe same as, each other

¢ The precision of a measurementis reflectedin the values recorded - measurements toa
greater number of decimal places are said to be more precise than those to awhole
number

Accuracy

* Ameasurementis considered accurateifitis close to the truevalue
¢ Theaccuracy canbeincreasedby repeating measurements and finding a mean of the

results
* Repeating measurements also helps to identify anomalies that can be omitted from the
final results
ACCURATE ACCURATE BUT PRECISE BUT NEITHER ACCURATE
AND PRECISE NOT PRECISE NOT ACCURATE NOR PRECISE

The difference between precise andaccurateresults

Repeatability
* Ameasurementis repeatableif the original experimenterrepeats the investigation using
the same method and equipment and obtains the sameresults
Reproducibility
* Ameasurementis reproducibleif theinvestigationis repeated by anotherperson, or by
using different equipment ortechniques, and the same results are obtained
Resolution

» Resolutionis the smallest changein the quantity being measured of a measuring
instrument that gives a perceptible changein thereading

« Forexample, theresolution of awristwatchis 1s, whereas the resolution of a digital stop-
clockis typically 10 ms (0.01s)
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* Inimaging, resolution can also be described as the ability to see two structures as two
separate structures rather than as one fuzzy entity

GOOD
RESOLUTION

ULTRASOUND
TRANSDUCER
POOR
RESOLUTION
ULTRASOUNDPE
WAVES —

DETECTED
OBJECTS

Goodresolution andpoorresolutionin an ultrasoundscanner. The goodimage manages to
resolve the two objects into two distinct structures whereas the poorimage shows one

fuzzy entity.

(’7 ExamTip

= Itis a very common mistake to confuse precision with accuracy - measurements
can be precise but not accurate if each measurementreading has the same
error.Make sureyou learn that precision refers to the ability to take multiple readings
with aninstrument that are close to each other, whereas accuracy is the closeness
of those measurements to the true value.
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Uncertainty

Thereis always a degree of uncertainty when measurements are taken; the uncertainty can
be thought of as the difference between the actual reading taken (caused by the
equipment or techniques used) and the true value
Uncertainties are not the same as errors
o Errors canbe thought of as issues with equipment ormethodology that cause a
reading to be different from the true value
o Theuncertainty is arange of values around a measurement within which the true value
is expectedto lie, andis an estimate

Forexample, if the true value of the mass of a boxis 950 g, but a systematic errorwith a
balance gives an actualreading of 952 g, theuncertaintyis+2 g
Theseuncertainties can berepresentedin a numberof ways:
o Absolute Uncertainty: where uncertainty is given as a fixed quantity
o Fractional Uncertainty: where uncertainty is given as a fraction of the measurement
o Percentage Uncertainty: where uncertainty is given as a percentage of the
measurement

uncertainty
measured value

percentage uncertainty = x 100%

To finduncertainties in different situations:

Theuncertainty in areading: + half the smallest division

Theuncertainty ina measurement: atleast +1 smallest division

Theuncertainty inrepeated data: halftherangei.e. + 2 (largest - smallest value)
Theuncertainty indigital readings: + the last significant digit unless otherwise quoted
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MILLIAMPERES (mA)

SMALLEST DIVISION = 0.2 mA
READING () = 1.6 mA

ABSOLUTE UNCERTAINTY (al) = % x 0.2 mA = 0.1mA

| = A Q4
FRAGTIONAL UNCERTAINTY = —orrwunTY SB1 _ 1
VALUE 16 16
_ i
P="ro T 16 mA
L. _ UNCERTAINTY Y
PERCENTAGE UNCERTAINTY (%) = ——_Tromr™ x 100 = 2 x 100 = 6.2%
I'=16 + 6.2% mA

Howto calculate absolute, fractional and percentage uncertainty

« Always make sure yourabsolute or percentage uncertainty is to the same number of
significant figures as thereading

Page 9 of 22

For more help, please visit our website www.exampaperspractice.com.uk




FB

EXAM PAPERS PRACTICE

Combining Uncertainties

* When combininguncertainties, therules are as follows:

Adding/ Subtracting Data

* Addtogetherthe absolute uncertainties

ADDING /7 SUBTRACTING DATA

DIAMETER OF TYRE (d,) =55.0 + 0.5cm

DIAMETER OF INNER TYRE (d,) = 21.0 + 0.7cm
DIFFERENCE IN DIAMETERS (d,~d,) = 55.0 = 21.0 = 34.0 cm
UNCERTAINTY IN DIFFERENCE = +(0.5 + 0.7) = + 1.2 cm
d,—d, = 34.0 1.2 cm

Multiplying / Dividing Data

« Addthepercentage orfractionaluncertainties
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MULTIPLYING / DIVIDING DATA

DISTANCE =50.0 £ 0.1m
TIME =5.00 * 0.05s

DISTANCE (s)

SPEED (v) =
YT TTIME @
v =20 _ 46,0 ms-t
5,
Av_as, at_ 01, 005 _5002+001=0.012
V" S T 7500 500

ABSOLUTE UNCERTAINTY (av) =10.0 x 0.012 = + 012 ms™

v =10.0 £ 012 ms™

Raising to a Power
¢ Multiply the percentage uncertainty by the power
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RAISING TO A POWER

i

Py

_4 qr.3
V—39Tr

r=2.50%*0.02cm

Ve %ﬂnz.sof B5.5 cn®
&V _ . Ar_ . 002 _
=3x8 =3xS = 0024

ABSOLUTELY UNCERTAINTY (aV) = 65.5 x 0.024 = 1.57cm’®

PERCENTAGE UNCERTAINTY (%aAV) =100 x 0.024 =2.47%

*9 Worked Example

Astudent achieves the followingresults in their experiment for the angular
frequency, o.

0.154,0.153,0.159,0.147,0.152

Calculate the percentage uncertainty in the mean value of w.

1. Calculate the meanvalue

0.154 + 0.153 +10.159 + 0.147 + 0.152
mean o = 5 =0.153rads™!

2. Calculate half the range (this is the uncertainty for multiplereadings)
1
7 x(0.159-0.147)=0.006rad s7!
3. Calculate percentage uncertainty
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uncertainty +half the range
x100% = x 100 %
measured value mean
0.006 100 % =3.92 %
"I Rkt
(’) Exam Tip
* Remember:

¢ Absolute uncertainties (denoted by A) have the same units as the quantity
* Percentageuncertainties have no units
¢ Theuncertainty in numbers and constants, such as m, is taken to be zero

Uncertainties in trigonometric and logarithmic functions will not be testedin the
exam, sojust remember these rules andyou’llbe fine!
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Using Error Bars

Theuncertainty in a measurement can be shown on a graph as an error bar

This baris drawn above and below the point (or from side to side) and shows the
uncertainty in that measurement

Errorbars are plotted on graphs to show the absolute uncertainty of values plotted
Usually, error bars willbe in the vertical direction, fory-values, but can also be plotted
horizontally, for x-values

N

™ | VERY LARGE ERROR <\ ERROR IN Y-VALUE|

5 —

E l E I ERROR IN X-VALUE|
4_
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2 SMALL ERROR |

4 —

0 l | T | T P
0.0 5.0 10.0 15.0

Representing error bars onagraph
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Determining Uncertainties from Graphs

* Tocalculate theuncertainty in a gradient, twolines of best fit should be drawn on the graph:

¢ The'best’line of best fit, which passes as close to the points as possible

¢ The'worst’line of best fit, eitherthe steepest possible or the shallowest possible line which
fits within all the error bars

QUANTITY A/ LINE OF THE

BEST FIT

45 — STEEPEST (WORST

GRADIENT)

40 —

SHALLOWEST
(WORST GRADIENT)

<lor

30

s
I >

10
QUANTITY B

Theline of best fit passes as close as possible to all the points. The steepest and shallowest
lines are known as the worst fit

* The percentageuncertainty in the gradient can be found using:

. best gradient — worst gradient
Percentage uncertainty = e —— x 100%

* Thepercentage uncertainty in the y-intercept can be found using:

. best y intercept — worst y intercept
Percentage uncertainty = A x 100%
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9 Worked Example
[ J

On the axes provided, plot the graph for the following data and draw errorbars and
lines of best andworst fit.

Step 1: Draw sensible scales on the axes and plot the data
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Step 2: Draw the errors bars foreach point
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Step 3: Draw theline of best fit
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Step 4: Draw theline of worst fit
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Step 5: Work out the gradient of each line and calculate the percentage uncertainty
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301

Extension / mm

0 10 20 30 40 50 - 60 70 80
Force /N
A §o — 6
Best gradient = 22272, 0.25
Ax 80-0
A a7 — a7
Worst gradient = e S 0.28
Ax 80-0
028 —0.25
Percentage uncertainty = TR x 100% = 12%
(") ExamTip

When drawing graphs make sure to follow these rules to gain full marks:

* Ensurethe scaleis sensible and takes up as much paper as possible
Labelthe axes with a quantity and a unit

Precisely plot the points to within 0.5 squares

* Leave aroughly equalnumber of points above andbelow the bestfitline
Draw the error bars accurately
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