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The correct answeris D because:

e Random errors vary from measurement to measurement and can
have different sizes, therefore random fluctuations can occur
e Systematic errors tend to have the same value and cause the
measurements to be out by the same amount
o Therefore, statement 1 appliestorandom errors
e Random errors cannever be fully eliminated as they canbe
influenced by environmental conditions that are hard to control
e Systematic errors tend to be due to experimental set-up and
apparatus, so they can be eliminated in a lot of cases
o Therefore, statement 4 applies to random errors
e Random errors canbereduced by averaging repeated
measurements, whereas systematic errors cannot
o Therefore, statement 5 applies torandom errors
* Thecorrectstatementsarel, 4and5

Statement 3isincorrect asrandom
errors cannotbe eliminated because

they arerandom
|

‘Statement disincorrect as random

Aisincorrect as errors canbereduced through
averaging repeated measurements.
This is because the errors are random
50 taking multiple measurements of
the same quantity will reduce the
error.
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Statement 2 is incorrect, as the error
occursrandomly, so it cannot be
constantly high orlow by the same
amount.

Statement 6isincorrect as random
errors canbereduced through
averaging repeated measurements.
Thisis because the errors are random
so taking multiple measurements of
the same quantity will eliminate a
random error

Bisincorrect as

Statement 2isincorrect, asthe error
occurs randomly, soitcannot be
constantly highorlow by the same
amount.

Statement disincorrect as random
errors cannotbe eliminated because

Cisincorrectas they are random

Statement 6isincorrect as random
‘errors €an be reduced through |
averaging repeated measurements.
Thisis because the errors are random
so taking multiple measurements of
the same quantity will eliminate a
random error

Knowing the exact differences between systematic and random error will
help in answering questions about practical experiments andin
conducting your own experiments.
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The correct answeris A because:

e Random errors affect precision, meaning they cause differencesin
measurements which causes a spread about the mean
e Repeatingthe measurements at least three times and taking an
average of them is one way to reduce random error
o Thisreduces spread about the mean and enables any anomalies
to be spotted and discounted from the results

random errors canbe the result of either the
person taking the measurement but also by
the equipment beingused orthe environment

Bisincorrect
as

systematic error affects accuracy and occurs
Cisincorrect |due to the apparatus usedorfaults in the
as experimental method so adjusting the
apparatus would help reduce systematic error

systematic error affects accuracy, which
causes allresults to be too high or too low by
the same amount each time

Disincorrect
as

Knowing about random and systematic errors can help in understanding
how to complete practical work more accurately and precisely.
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The correct answeris D because:

e The absolute uncertainty of the time needs to be convertedinto a
percentage uncertainty:

0.3

o Tx]DCi:]D%

o Theuncertainty inthetimeis10%
e Theuncertainty needs to be propagated through the calculation

. 1 .
* |ntheeguationds= % at?, the tis squared

¢ To propagate the error, the percentage uncertainty mustbe
multiplied by 2
o 109 x 2 = 20% - thisis the % uncertaintyin t
e Theuncertainty of ais negligible, so the total percentage errorin the
value of dis 20%
e The 20% uncertainty of d= 30 mis:
o 20%x30=6m
e S0, the absolute uncertaintyis+é6m

Aisincorrect
as

Bisincorrect
as

Cisincorrect
as

+ 0.6 mistheabsolute value of the errorin the
time 0.3 multiplied by 2. The error must be
convertedintoapercentageerrortobe
propagated throughthe calculation

The percentage uncertainty inthe time is
10%. + 3mis anuncertainty of 10% of the 30
m depth. The error has not been propagated
inthe equation, asithas not considered that
the time is squared

This is the depth 30 m minus the value
calculated for the absolute uncertainty of the
depth of 6 m. The uncertainty needs to be
written as a + and not as the lower value of the
range that this gives
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Learning the rules to propagate errors into equations makes these
guestions much easier. Remember also to convert any errors into
percentage errors before propagating if two values are multiplied or
divided (if they are added or subtracted, add their absolute
uncertainties).

4

The carrect answeris A because:

e The equationrelating speed, distance and time is given by:
distance (s)
time (1)
e Thevalue and uncertainty in distance is:
o =285 188270 mm
e |ftwovalues are added together, their absolute uncertainties are
added together
o Uncertainty of distance: As=x(1+1)=+2mm
e Thevalue and uncertaintyin time is:
o t=4.50-250=2.088
e Uncertainties of time are also added:
o At=%(0.02+0.02)=+0.045

e Towork out the fractionaluncertaintyinspeed:
Av  As +E

e T W
Av 2 2 0.04
¥ 20 200

o Hence, the correct answeris A

o Speed, v=
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The absolute uncertainties for the distance
and time need to be added together. For
Bisincorrect distance this is + 2 mm and not just

as
+1mm. Fortime, thisis £+ 0.04 sand not just +
0.02s
The fractional uncertainty is given by the
Cisincorrect uncertainty LER
e e and not by the initial
value of the time and distance
The fractional uncertainty is given by the
Disincorrect uncertainty
i o SR andnot by the final

value of the time and distance

This question requires a methodical approachinfinding the fractional
errors of both time and distance. You also need to know how to express
fractional errors and how this is different to absolute and percentage.

The uncertainty in the difference between two distances is always double
the uncertainty of each distance because the amount of errorion either
end has no doubled. This is demonstrated in the sketch below:

0.00x%
(3+0.05)m Sm::iim i 4
e (2+0.\)m
Ad='dm
- 1-05m
(1toosm|im— 7 y “9meagseios

d -!Tm smoest
305-09s  MINX

LGJEES’E d.nguenCﬂ.
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The correct answeris Bbecause:

e Calculate the percentage uncertainty of both kand x:

Dceltwily .y

o Percentage uncertainty =
value

o Percentage uncertainty for k = Tiﬂ x100=0.5%

0.004
0.04

o Percentage uncertainty forx = x100=10%

R : 1
e Now, propagate the uncertainties into the equation W= Ekxz

o For xZ the uncertainty needs to be multiplied by the power, 2
m 10% x2=20%
o For Wthe uncertainty of kneeds to be added to the uncertainty
for x4
m 0.5+20=20.5%
o So, the percentage uncertainty in Wis + 20.5%

Aisincorrect Thisis just the percentage uncertainty of x°
as and notW.

Thisis theincorrect propagation of the
uncertainty of kand x.

Cisincorrect kx xis20x0.5=10%

as
Quantities that are multiplied have their

uncertainties propagated by addition and not
multiplication.

This is the propagation of the uncertainty of k
Disincorrect |3ndx2.

as
k+xis10+0.5=10.5%
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Learning the rules for propagating uncertainties will help in completing
guestions like this much easier. There are:

¢ Valuesthat are added or subtracted: Add their absolute uncertainties

¢ \/aluesthat are multiplied or divided: Add their percentage or
fractional uncertainties

e \/aluesthat are to a power: Multiply their percentage or fractional
uncertainty to the power

The correct answeris C because:

e To obtainthe largestvalue of Zwe must divide the largest value of

m, —m, by the smallest values of land t.
m, — m —m
- =(1m2]w= M e
- Itsm:ﬂ Ismﬂxfsmﬂ

e This gives a value of:
o 7 o 5439+0.01)-(52.06-0.01)x10-
large ~ (3—1) x (4800 — 100)
(54:40>x10-3)—(52.05x 10-3)
large” @) x (4700)
_(235x107%)° (2350%10-9)  (235x10-9)

lwge”  (9400) ~  (9400) ~  (940)

_ 235 0-fkac
° S0,Z, = x10°kgC

onZ

o

Thelarge value of m,—my is not used only the

_— absolute values are used.
Aisincorrect

as ml—mz=54.3‘?—52.Dé=2.333nd this gives

the incorrect value for Z
large
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The small value of ml —mz isused andnot the
Bis ~m,=5438-52.07=231and

as

INCOIECt |\ ge value. m,

this gives the incorrect value for Z
large
Thisis the value of Zusing all absolute values

(2.33x1073)
(3 x4800)

Disincorrect

as and not the values + uncertainty

If a quantity is equal to a fraction; it can be made larger by increasing the
numerator or by decreasing the denominator.

This question seems tricky without a calculator but make sure you show
your numerical workings on paper with plenty of space. Itis possible to do
this without a calculator. If you find you are spending too much time doing
this, then move on to the next question.

The correct answeris C because:

» The percentage uncertainty each side of the squareis

5 “—; <100 =2.5%

» When areais calculated the two sides are multiplied together, so the
uncertainties must be added:
o 25%+2.5%=5%

» The absolute uncertainty for the area will be:
1 32 =
[=] : — e B
64 x0.05=64x 50~ 10 3.2cm
Aisincorrect|The absolute uncertainty for the area of the
as square is not the same as for the length

The absolute uncertainty for the areaneeds to
be propagated using the rules of combining

B isincorrect uncertainties. When two quantities are

as multiplied together their percentage
uncertainties are added and notjust their
absolute uncertainties
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The percentage uncertainty for the area of the
square hasnot been propagated. The area
uncertainty comes from combining the
percentage uncertainty fromeach length and
not just using 2.5%

Disincorrect
as

You must learn to convert all uncertainties into percentage uncertainties
before completing any calculations if two values are multiplied or divided.

8

The correct answeris Abecause:

distance  30.0 iy
e Averagespeed = ——— ] =20.0ms ' (3s5.1)

Calculate the percentage uncertainties for distance and time

o % uncertainty = MTW x 100
value

o Distance s:% uncertainty = % x 100 =0.33%

05 xsmagess
15 x 100 =3.53%

To work out uncertaintyin data whichis multiplied or divided we add
the percentage uncertainties
o 0.33+3.33=3.66%
The absolute uncertainty of the' speedwillbe 3.66% of 20 m's™
o 20x0.0366=0.732ms"!
So, the final answer is the average speed =20.0+0.732ms™

o Time t:% uncertainty =

The total percentage uncertainty of the speed
from the combined uncertainty of the distance
andtimeis 3.66%. This has beenused as the
absolute uncertainty for the speed of £+ 0.0366
ms™!

Bisincorrect
as

Only the uncertainty for the distance 0.33%
has been propagated through the equation.
This should be combined with the uncertainty
for the time before the absolute uncertainty for
the speedis calculated

Cisincorrect
as
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The percentage uncertainties for distance and
. time have been divided and not added
Disincorrect o Eok
e together. Quantities that are divided or
multiplied should have their uncertainties

addedtogether

You must learn to convert all uncertainties into percentage uncertainties
before completing any calculations.

For calculations such as % x 100, multiply by the 100 first with the

numeratori.e. 0.1 i = 24 =0.33, asthisis much easier.

30 30
Forcalculations suchas 20 x 0.0366, first, x 10thenx 2. 0.0366 x 10 =
0366 x2=D.732.

The correct answeris C because:

¢ The absolute uncertainty in any reading is always quotedto |
significant figure
o This eliminates optionsBandD

e Measuring the temperature difference requires two single readings
o Therefore, thetemperaturerise AT=T-T;
e Tisapproximately(88.0 +0.5)degrees
o The absolute uncertainty is 0.5 degrees becausein asingle
reading of an analogue instrument, the absolute uncertainty is
half the width of the smallest gradations

e Similarly, I is approximately (34.0 £ 0.5) degrees
¢ Therefore, propagating the uncertainties of two quantities that are
subtracted from each other means summing the individual absolute
uncertainties:
o Hence,the absolute errorinATis 0.5+ 0.5 =1degree(to]
significant figure)
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e Therefore, the best estimate for the temperatureriseis (54 +1)
degrees
o Thisis as expressedinoptionC
You might be tempted to think that the answeris (54.0 + 0.5) degrees, but
inthe strictest and most consistent application of the rules of
propagating uncertainties, you must not neglect thatinordertotake a
reading of temperature difference (and arguably, all things that require a
reading comparing ‘bothends’ of a scale) you must take both absolute
uncertainties into account. As long as you make your reasoning clearin
your examination, you will receive full credit.

10

The correct answeris A because:

o Gpax=the maximum possible, or steepest, gradient that could be

drawn through the data
o e 0.455 — 0.025 & 0.430 B 430
10—==2 8 8000
* Gpin=the minimum possible, or shallowest, gradient that could be
drawn through the data
- 0.350 — 0.135> a 0.215 N 215
' 10— 2 8 8000

For more help visit our website www.exampaperspractice.co.uk


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

FIE Page 13

Exam Papers Practice

T?1s? 050

045 |

0.40 |

0.35 |-

0.30

0.25

0.15

0.10

0.05

0.00
L/cm

» Tofind the uncertainty in the gradient of the graph, we can use

= _Gmin
o % uncertainty = 5 x 100%
430 215
8000 8000
o S uncertainty = > x 100%
215
, 0
o % uncertainty = > x 100%
21500 215
a H o B EETEe T e
o S uncertainty = 16000 x 100% = 16000 = 160

o

43
Dividing the numerator and denominator by 5 gives: ET %
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the percentage uncertainty is calculated by
Bisincorrect |dividing therange by 2 and thenx by 100 and
as not just finding the range of the values and
thenx by 100

Cisincorrect thisisthevalue of G, and not the
as percentage uncertainty

Disincorrect [thisisthe value of G, and not the
as percentage uncertainty

Remember to calculate the maximum possible gradient by drawing aline
from the highest point on the highest error barto the lowest point on the
lowest error bar. Then use the lowest peintonthe highest error bar and the
highest point on the lowest error bar tofindthe minimum possible
gradient.

Keep your answers in fractions and take lots of space for your workings,
soyou don't make an error when manipulating them.
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