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Contents 
1. SI Units and Prefixes 
 
2. Limits of Measurements 
 
3. Estimation of Quantities  

 
OVERVIEW 
This booklet provides the basic information and knowledge needed to 
access the A Level Physics course. 
Over the course of the year, you will be directed to read this information 
in both lessons and in your spare time. 
Ensure all information in this booklet is understood and remembered 
before examinations. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IMPORTANT NOTE 
This book, along with the student workbook and independent work 
book, must be brought to all Physics lessons with the appropriate 
teacher. 
 
This booklet may be used as a learning resource in lessons, you are 
not fully equipped to learn if this is not used in lesson. 
 
This book may also be used as a revision resource for intervention, 
internal assessments and external assessments.  
Please keep this in your student file. 
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 The Language of Measurement 
 
The following subject specific vocabulary provides definitions of key terms used in the A-level 
Science specifications. 
 
Accuracy 
A measurement result is considered accurate if it is judged to be close to the true value. 
 
Calibration 
Marking a scale on a measuring instrument. 
This involves establishing the relationship between indications of a measuring instrument and 
standard or reference quantity values, which must be applied. 
For example, placing a thermometer in melting ice to see whether it reads 0 °C, to check if it has 
been calibrated correctly. 
 
Data 
Information, either qualitative or quantitative, that has been collected. 
 
Errors 
See also uncertainties. 
 
Measurement error 
The difference between a measured value and the true value. 
anomalies 
These are values in a set of results which are judged not to be part of the variation caused by 
random uncertainty. 
 
Random error 
These cause readings to be spread about the true value, due to results varying in an 
unpredictable way from one measurement to the next. 
Random errors are present when any measurement is made and cannot be corrected. The effect 
of random errors can be reduced by making more measurements and calculating a new mean. 
 
Systematic error 
These cause readings to differ from the true value by a consistent amount each time a 
measurement is made. 
Sources of systematic error can include the environment, methods of observation or instruments 
used. 
Systematic errors cannot be dealt with by simple repeats. If a systematic error is suspected, the 
data collection should be repeated using a different technique or a different set of equipment, and 
the results compared. 
 
Zero error 
Any indication that a measuring system gives a false reading when the true value of a measured 
quantity is zero, e.g. the needle on an ammeter failing to return to zero when no current flows. 
A zero error may result in a systematic uncertainty. 
 
Evidence 
Data which has been shown to be valid. 
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Fair test 
A fair test is one in which only the independent variable has been allowed to affect the dependent 
variable. 
 
Hypothesis 
A proposal intended to explain certain facts or observations. 
 
Interval 
The quantity between readings, e.g. a set of 11 readings equally spaced over a distance of 1 
metre would give an interval of 10 centimetres. 
 
Precision 
Precise measurements are ones in which there is very little spread about the mean value. 
Precision depends only on the extent of random errors – it gives no indication of how close results 
are to the true value. 
 
Prediction 
A prediction is a statement suggesting what will happen in the future, based on observation, 
experience or a hypothesis. 
 
Range 
The maximum and minimum values of the independent or dependent variables; important in 
ensuring that any pattern is detected. 
For example, a range of distances may be quoted as either: 
'From 10 cm to 50 cm' 
or 
'From 50 cm to 10 cm' 
 
Repeatable 
A measurement is repeatable if the original experimenter repeats the investigation using same 
method and equipment and obtains the same results. 
 
Reproducible 
A measurement is reproducible if the investigation is repeated by another person, or by using 
different equipment or techniques, and the same results are obtained. 
 
Resolution 
This is the smallest change in the quantity being measured (input) of a measuring instrument that 
gives a perceptible change in the reading. 
 
Sketch graph 
A line graph, not necessarily on a grid, that shows the general shape of the relationship between 
two variables. It will not have any points plotted and although the axes should be labelled they 
may not be scaled. 
 
True value 
This is the value that would be obtained in an ideal measurement. 
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Uncertainty 
The interval within which the true value can be expected to lie, with a given level of confidence or 
probability, e.g. “the temperature is 20 °C ± 2 °C, at a level of confidence of 95%. 
 
Validity 
Suitability of the investigative procedure to answer the question being asked. For example, an 
investigation to find out if the rate of a chemical reaction depended upon the concentration of one 
of the reactants would not be a valid procedure if the temperature of the reactants was not 
controlled. 
 
Valid conclusion 
A conclusion supported by valid data, obtained from an appropriate experimental design and 
based on sound reasoning. 
 
Variables 
These are physical, chemical or biological quantities or characteristics. 
 
Categoric variables 
Categoric variables have values that are labels. E.g. names of plants or types of material. 
 
Continuous variables 
Continuous variables can have values (called a quantity) that can be given a magnitude either by 
counting (as in the case of the number of shrimp) or by measurement (e.g. light intensity, flow 
rate etc.). 
 
Control variables 
A control variable is one which may, in addition to the independent variable, affect the outcome of 
the investigation and therefore must be kept constant or at least monitored. 
 
Dependent variables 
The dependent variable is the variable of which the value is measured for each change in the 
independent variable. 
 
Independent variables 
The independent variable is the variable for which values are changed or selected by the 
investigator. 

 
 
 
 
 

 
 

IMPORTANT NOTE 
These definitions must be memorised by students. 

You will be tested on your knowledge of these 

definitions. 
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TOPIC 1: SI UNITS AND PREFIXES  
SPEC CHECK 
Specification Completed? 

Fundamental (base) units. 
  

 

Use of mass, length, time, quantity of matter, temperature, electric current 
and their associated SI units. 
 
 

 

SI units derived. 
 
 
 

 

Knowledge and use of the SI prefixes, values and standard form. 
 
 

 

Students should be able to use the prefixes: 
T, G, M, k, c, m, μ, n, p, f, 
 
 

 

Students should be able to convert between different units of the same 
quantity, e.g. J and eV, J and kW h. 
  

 

 
Student Checklist 
 

Have I……. 
 

Yes or No? 

Read through the notes of this section? 
 

 

Highlighted/underlined the key concepts of this section? 
 

 

Made my own notes based on the notes of this section? 
 

 

Brought the notes to be used in lesson? 
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 NOTES 
Base Quantities and SI Units 

In 1971 world’s scientists agreed on a common system of units for those 7 base quantities.  

They are the SI Units. These are the fundamental quantities and units of the Universe. 

These are….  

Base Quantity SI Unit & Abbreviation 

Length metre, m 

Time second, s 

Mass kilogram, kg 

Temperature kelvin, K 

Electric current ampere, A 

Amount of substance mole, mol 

Luminous Intensity 

 

candela, cd 

 

All the other physical quantities used in Physics are DERIVED from these base quantities. 

These called the SI derived units. 

You must be able to express all units in SI unit terms. 

Example 1:         𝑈𝑛𝑖𝑡𝑠 𝑜𝑓 𝑣𝑜𝑙𝑢𝑚𝑒 = 𝑢𝑛𝑖𝑡 𝑜𝑓 (𝑙𝑒𝑛𝑔𝑡ℎ × 𝑙𝑒𝑛𝑔𝑡ℎ × 𝑙𝑒𝑛𝑔𝑡ℎ) 

                                                                  = 𝑚 × 𝑚 × 𝑚 

                                                                  = 𝑚3 

 

Example 2:         𝑈𝑛𝑖𝑡𝑠 𝑜𝑓 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =
𝑢𝑛𝑖𝑡 𝑜𝑓 𝑚𝑎𝑠𝑠

𝑢𝑛𝑖𝑡 𝑜𝑓 𝑣𝑜𝑙𝑢𝑚𝑒
   

                                                                  =
𝑘𝑔

𝑚3
                                  

                                                                  = 𝑘𝑔𝑚−3 

Study Tip 

Memorise the SI base quantities and 

their units. 
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 Example 3:         𝑈𝑛𝑖𝑡𝑠 𝑜𝑓 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 =
𝑢𝑛𝑖𝑡 𝑜𝑓 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡

𝑢𝑛𝑖𝑡 𝑜𝑓 𝑡𝑖𝑚𝑒
   

                                                                  =
𝑚

𝑠
                                  

                                                                  = 𝑚𝑠−1 

 

Below are examples of SI derived units. 

Examples of SI derived units 

Derived quantity SI derived unit 

Name Symbol 

Area (A) square meter m2 

Volume (V) cubic meter m3 

speed, velocity (v) meter per second m/s 

Acceleration (a) meter per second squared m/s2 

mass density (ρ) kilogram per cubic meter kg/m3 

amount-of-substance concentration (n) mole per cubic meter mol/m3 
 

Below are examples of SI derived units which have special names. 

Derived quantity 

Name Symbol 

Expression   
in terms of   

other SI 
units 

Expression 
in terms of 

SI base 
units 

plane angle (θ) radian rad - m m-1 = 1 

Frequency (f) Hertz Hz - s-1 

Force (F) Newton N - mkgs-2 

pressure, stress (P) Pascal Pa N/m2 m-1kgs-2 

energy, work, quantity of heat  (E or w) Joule J N·m m2kgs-2 

Power (P) Watt W J/s m2kgs-3 

electric charge, quantity of electricity (Q) Coulomb C - sA 

electric potential difference (V), 
electromotive force (ε) 

Volt V W/A m2kgs-3A-1 

Capacitance (C) Farad F C/V m-2kg-1s4A2 

electric resistance (R) Ohm 
 

V/A m2kgs-3A-2 

magnetic flux (φ) Weber Wb V·s m2kgs-2A-1 

magnetic flux density (B) Tesla T Wb/m2 kgs-2A-1 

Celsius temperature (T) 
degree 
Celsius 

°C - K 

activity (of a radionuclide) (A) Becquerel Bq - s-1 
 

 

 

 

Study Tip 

Do not memorise the expression of quantities in SI base 

units – memorise the method of working this out. 
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 Below are examples of SI derived units based on other SI derived units. 

Examples of SI derived units whose names and symbols include SI derived units with 
special names and symbols  

SI derived unit 

Derived quantity Name Symbol 

moment of force (M) newton meter Nm 

angular velocity radian per second rad/s 

angular acceleration radian per second squared rad/s2 

heat flux density, irradiance watt per square meter W/m2 

heat capacity, entropy joule per kelvin J/K 

specific heat capacity, specific entropy joule per kilogram kelvin J/(kgK) 

electric field strength volt per meter V/m 

permittivity farad per meter F/m 

molar energy joule per mole J/mol 

molar entropy, molar heat capacity joule per mole kelvin J/(molK) 

 
Here is a diagram to show the link between the SI base units and SI derived units. 
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VIDEO LINK 
To watch a video on the following topic, please scan the following code with your smartphone. 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

Note 

All rights to this video belong to the creator of the video. 

This external third-party content – please check the contents are appropriate. 



St Mary’s Catholic School 

 

A Level Physics Year 1 Class Student Preparatory Book: 3.1 Measurements and Errors  11 

 Standard Prefixes 

One of the strengths of the SI is that absolutely any measurement can be expressed in terms of 

the seven base units (and angle if needed).  

Thanks to the SI and a well-organised set of agreements and procedures to make it work, 

everyone all over the world can not only agree just how fast their cars are, they can make sure 

their components fit together properly too. 

It would be inconvenient to measure everything using only the pure base or derived units - 

motorists don’t want road distance in metres or astronomers do not want stellar distances in 

metres. A shorthand system of prefixes was agreed as part of the SI system.  

For example:  

10 metres =1 decametre 10 decametres = 1 hectometre 10 hectometres = 1 kilometre.  

 

All the prefixes are related to each other by numbers like 10, 100 or 1,000; which are called 

powers of 10.  

Throughout the SI system, the same prefixes are used for the same multiples, no matter what the 

unit - except for the kilogram. Because the kilogram already includes a prefix in its name we don’t 

refer to a thousandth of a kilogram as a millikilogram.  

Some of these units aren’t used much – decimetres, for example, are uncommon, and 

megametres are practically unheard of.  

And the prefixes aren’t used for time, where there was already an internationally agreed system in 

place long before the SI came along.  

 

Here is the conversion for time units. 

 
 
Time is the one part of the SI system not considered for prefixes. 

 
 
 
 
 

Examination Tip 

Always ensure values are given in SI Units – if they are not convert them. 

Always remove the prefixes from answers before calculating.  
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 Here are the conversion prefixes used in Physics. 
You must be able to use these prefixes in any Physics question. 

 
 
 
 
 
 
 
 
 
 
Here are the conversion for angular measurements. 

 
 
 
 

Exam Tip 

In any examination question, you should substitute the prefix for the standard form 

conversion given in the table above. 

For example, 20km = 20 x 103 m 
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VIDEO LINK 
To watch a video on the following topic, please scan the following code with your smartphone. 
 

 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 

Note 

All rights to this video belong to the creator of the video. 

This external third-party content – please check the contents are appropriate. 

Note 

All rights to this video belong to the creator of the video. 

This external third-party content – please check the contents are appropriate. 
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 Significant Figures 
In Physics, you cannot write an answer to a problem with all the numbers given on the calculator.  

A method of giving an approximated answer is to round off using significant figures. 

The word significant means: having meaning. 

With the number 368249, the 3 is the most significant digit, because it tells us that the number is 
3 hundred thousand and something. It follows that the 6 is the next most significant, and so on. 

With the number 0.0000058763, the 5 is the most significant digit, because it tells us that the 
number is 5 millionths and something. The 8 is the next most significant, and so on. 

Be careful however with numbers such as 30245, the 3 is the first significant figure and 0 the 
second, because of its value as a place holder. 

We round off a number using a certain number of significant figures. The most common are 1, 2 
or 3 significant figures. 

Remember the rules for rounding up are: 

If the next number is 5 or more, we round up. If the next number is 4 or less, we do not round 
up. 

 
Examples 

E1. What would you get if you wrote the number 368249 correct to 1 significant figure? 

400000 

3 is the first significant figure, and the digit after it is more than 5, so you round up. 

 

E2. What would you get if you wrote the number 0.00245 correct to 1 significant figure? 

0.002 

2 is the first significant figure and the digit after this is less than 5, so you do not round up. 

 

E3. What would you get if you wrote 0.0000058763 correct to 2 significant figures? 

0.0000059 

You had to round up the 8 to 9. 

 

E4. What is 7.994 to two significant figures? 

8.0 

You had to round up. 

The 2 first significant figures are 7 and 9. The digit after 9 is 9 again, so we have to round up, 7.99 rounds 
up to 8.00. 

Study Tip 

Always check the number of significant figures in a question 

and give your answer to the lowest value. 

Examination Tip 

If you are unsure about the number of significant 

figures in a value e.g. is 100 1 sig fig or 3 sig figs? 

Use the smallest number of significant figures in 

your answer. 
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 Examination Questions 

In an examination question, you should give your answer to the same number of 
significant figures as the value given in the question with the lowest number of 
significant figures. 

 

You do not include constants given in the data booklet as a value. 

If it is vague as to the number of significant figures in the question – there will be allowance in 
the mark scheme for this.  

 

Example 

 

In this question, as both values are given to two significant figures, you should give your answer to two 
significant figures. 

If you do not do this, you are penalised one mark. 

 

 

 

 

 

 

 

 

 

Examination Tip 

Always check your answers for the correct number of significant figures. 

It is important that the significant figures are respected – it shows your confidence in your 

experimental work. 
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VIDEO LINK 
To watch a video on the following topic, please scan the following code with your smartphone. 
 

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

Note 

All rights to this video belong to the creator of the video. 

This external third-party content – please check the contents are appropriate. 
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 Practical Work 

Data should be written in tables to the same number of significant figures. This number should be 
determined by the resolution of the device being used to measure the data or the uncertainty in 
measurement. For example, a length of string measured to be 60 cm using a ruler with mm 
graduations should be recorded as 600 mm, 60.0 cm or 0.600 m, and not just 60 cm. Similarly, a 
resistor value quoted by the manufacturer as 56 kΩ, 5% tolerance should not be recorded as 
56.0 kΩ. 

There is sometimes confusion over the number of significant figures when readings cross multiples 
of 10. Changing the number of decimal places across a power of ten retains the number of 
significant figures but changes the accuracy. The same number of decimal places should 
therefore generally be used, as illustrated below. 

0.97  99.7 

0.98  99.8 

0.99  99.9 

1.00  100.0 

1.10  101.0 

 

It is good practice to write down all digits showing on a digital meter.  

Calculated quantities should be shown to the number of significant figures of the data with the 
least number of significant figures. 

Example: 

Calculate the size of an object if the magnification of a photo is ×25 and it is measured to be 
24.6 mm on the photo. 

 

𝑠𝑖𝑧𝑒 𝑜𝑓 𝑟𝑒𝑎𝑙 𝑜𝑏𝑗𝑒𝑐𝑡 =  
𝑠𝑖𝑧𝑒 𝑜𝑓 𝑖𝑚𝑎𝑔𝑒

𝑚𝑎𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛
  

 

𝑠𝑖𝑧𝑒 𝑜𝑓 𝑟𝑒𝑎𝑙 𝑜𝑏𝑗𝑒𝑐𝑡 =  
24.6 ×10−3

25
  

 

𝑠𝑖𝑧𝑒 𝑜𝑓 𝑟𝑒𝑎𝑙 𝑜𝑏𝑗𝑒𝑐𝑡 =  9.8 ×  10−4  

Note that the size of the real object can only be quoted to two significant figures as the 
magnification is only quoted to two significant figures. 

Equipment measuring to half a unit (e.g. a thermometer measuring to 0.5 °C) should have 
measurements recorded to one decimal place (e.g. 1.0 °C, 2.5 °C).  

The uncertainty in these measurements would be ±0.25, but this would be rounded to the same 
number of decimal places (giving measurements quoted with uncertainty of (1.0 ± 0.3) °C etc). 
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 Dealing with anomalous results 

At GCSE, you are often taught automatically to ignore anomalous results.  

At A-level, you should think carefully about what could have caused the unexpected result and 
therefore whether it is anomalous.  

You might be able to identify a reason for the unexpected result and so validly regard it as an 
anomaly. For example, an anomalous result might be explained by a different experimenter 
making the measurement, a different solution or a different measuring device being used. In the 
case where the reason for an anomalous result occurring can be identified, the result should be 
recorded and plotted but may then be ignored.  

Anomalous results should also be ignored where results are expected to be the same. 

Where there is no obvious error and no expectation that results should be the same, anomalous 
results should be included. This will reduce the possibility that a key point is being overlooked.  

Please note: when recording results, it is important that all data are included. Anomalous results 
should only be ignored at the data analysis stage. 

It is best practice whenever an anomalous result is identified for the experiment to be repeated. 
This highlights the need to tabulate and even graph results as an experiment is carried out. 

Mean Average 

When calculating the mean average of a value in Physics, you must remove the anomalous result 
before the calculation.  

The mean average should be given to the same number of significant figures as the value with the 
least number of significant figures in the calculation. 

Example 

1. Four results were taken.  

12cm, 13cm, 12cm, 11cm. 

What is the mean? 

Mean =   Sum of Values             =    (12 + 13 + 12 + 11)         =   12cm 

    Number of Values    4 

 
2. Four results were taken.  

12cm, 13cm, 19cm, 11cm. 

What is the mean? 

Mean =   Sum of Values             =    (12 + 13 + 11)         =   12cm 

    Number of Values          3 
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VIDEO LINK 
To watch a video on the following topic, please scan the following code with your smartphone. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Note 

All rights to this video belong to the creator of the video. 

This external third-party content – please check the contents are appropriate. 
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TOPIC 2: LIMITS OF MEASUREMENTS 
SPEC CHECK 
Specification Completed? 

Random and systematic errors. 
  

 

Precision, repeatability, reproducibility, resolution and accuracy. 
 

 

Absolute, fractional and percentage uncertainties represent uncertainty in the 
final answer for a quantity. 
 

 

Combination of absolute and percentage uncertainties. 
 

 

Represent uncertainty in a data point on a graph using error 
bars. 
 

 

Determine the uncertainties in the gradient and intercept of a straight-line 
graph.  

 

Individual points on the graph may or may not have associated error bars. 
 

 

Students should be able to identify random and systematic errors and suggest 
ways to reduce or remove them. 
 

 

Students should understand the link between the number of significant 
figures in the value of a quantity and its associated uncertainty. 
 

 

Students should be able to combine uncertainties in cases where the 
measurements that give rise to the uncertainties are added, subtracted, 
multiplied, divided, or raised to powers. 

 

 
Student Checklist 
 

Have I……. 
 

Yes or No? 

Read through the notes of this section? 
 

 

Highlighted/underlined the key concepts of this section? 
 

 

Made my own notes based on the notes of this section? 
 

 

Brought the notes to be used in lesson? 
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 NOTES 
 
Sources of uncertainties 

Every measurement has some inherent uncertainty.  

 

The important question to ask is whether an experimenter can be confident that the true value 
lies in the range that is predicted by the uncertainty that is quoted. Good experimental design will 
attempt to reduce the uncertainty in the outcome of an experiment. The experimenter will design 
experiments and procedures that produce the least uncertainty and to provide a realistic 
uncertainty for the outcome.  

 

In assessing uncertainty, there are many issues that must be considered. These include 

The resolution of the instrument used 
The manufacturer’s tolerance on instruments 
The judgments that are made by the experimenter 
The procedures adopted (e.g. repeated readings) 
The size of increments available (e.g. the size of drops from a pipette). 
 

Often, the resolution of the equipment will be the guiding factor in assessing a numerical 
uncertainty.  

There may be further questions that would require you to evaluate arrangements and procedures. 
You could be asked how particular procedures would affect uncertainties and how they could be 
reduced by different apparatus design or procedure – for example using the human reaction has a 
larger uncertainty than the stopwatch. 

A combination of the above factors means that there can be no hard and fast rules about the 
actual uncertainty in a measurement – it is normally the discretion of the experimenter. 
What we can assess from an instrument’s resolution is the minimum possible uncertainty.  

Only the experimenter can assess the other factors based on the arrangement and use of the 
apparatus and a rigorous experimenter would draw attention to these factors and take them into 
account.    
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 Readings and measurements 

 

 

It is useful, when discussing uncertainties, to separate measurements into two forms: 

 

Readings  Measurements 

the values found from a 
single judgement when 
using a piece of equipment 

 the values taken as the 
difference between the 
judgements of two values. 

 

Examples: 

When using a thermometer, a student only needs to make one judgement (the height of the 
liquid). This is a reading. It can be assumed that the zero value has been correctly set. 

For protractors and rulers, both the starting point and the end point of the measurement must be 
judged, leading to two uncertainties. 

 

 

 

 

The following list is not exhaustive, and the way that the instrument is used will determine 
whether the student is taking a reading or a measurement.  

Reading (one judgement only) Measurement (two judgements 
required) 

thermometer 
 

ruler 

top pan balance 
 

vernier calliper 

measuring cylinder 
 

micrometer 

digital voltmeter 
 

protractor 

Geiger counter 
 

stopwatch 

pressure gauge 
 

analogue meter 

 

 

 

Study Tip 

Learn the difference between a reading and a measurement. 
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 Readings 

The uncertainty in a reading when using an instrument is no smaller than plus or minus half of 
the smallest division or greater.  

For example, a temperature measured with a thermometer is likely to have an uncertainty of ±0.5 
°C if the graduations are 1 °C apart. 

You should be aware that readings are often written with the uncertainty.  

An example of this would be to write a voltage as (2.40 ± 0.01) V. It is usual for the uncertainty 
quoted to be the same number of decimal places as the value. Unless there are good reasons 
otherwise (e.g. an advanced statistical analysis), you should quote the uncertainty in a 
measurement to the same number of decimal places as the value. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Study Tip 

Values experimentally recorded are always given in terms of decimal places. 

Values worked out in questions are always given in terms of significant figures. 

Physics Tip 

To calibrate a set of scales, you could measure a 10.0g mass and check that it reads 10.0g.  

If these scales are precise to the nearest 0.1g, then you can only calibrate to within 0.05g. 

Any reading has an uncertainty which is half of the smallest division of scale. 
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 Measurements 

The uncertainty in a measurement when using an instrument is no smaller than plus or minus 
the smallest division or greater. For example, length. 

When measuring length, two uncertainties must be included: the uncertainty of the placement of 
the zero of the ruler and the uncertainty of the point the measurement is taken from.  

As both ends of the ruler have a ±0.5 scale division uncertainty, the measurement will have an 
uncertainty of ±1 division.  

 

 

 

 

 

 

For most rulers, this will mean that the uncertainty in a measurement of length will be ±1 mm. 

This “initial value uncertainty” will apply to any instrument where the user can set the zero 
(incorrectly), but would not apply to equipment such as balances or thermometers where the zero 
is set at the point of manufacture.  

 

 

 

 

 

In summary 

The uncertainty of a reading (one judgement) is at least ±0.5 of the smallest scale 
reading. 
The uncertainty of a measurement (two judgements) is at least ±1 of the smallest scale 
reading. 
 

 

 

 

 

 

            
            
    ruler      

object 
area of uncertainty  

Physics Tip 

It is not just rulers which have two errors in each measurement – lots of 

devices do, including protractors, callipers, stop watches and anything where 

you take a reading using a swing arm. 

Examination Tip 

To get the lowest possible value, subtract the value after the ‘±’ sign from your 

number, and to get the highest possible value, add it to the number. 



St Mary’s Catholic School 

 

A Level Physics Year 1 Class Student Preparatory Book: 3.1 Measurements and Errors  25 

 
VIDEO LINK 
To watch a video on the following topic, please scan the following code with your smartphone. 
 

 
 
 
 
 
 
 

 

 

 

 

 

Note 

All rights to this video belong to the creator of the video. 

This external third-party content – please check the contents are appropriate. 

Note 

All rights to this video belong to the creator of the video. 

This external third-party content – please check the contents are appropriate. 
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 The way measurements are taken can also affect the uncertainty. 

Measurement example: the extension of a spring 

Measuring the extension of a spring using a metre ruler can be achieved in two ways. 

1. Measuring the total length unloaded and then loaded.  

Four readings must be taken for this: The start and end point of the unloaded spring’s length and 
the start and end point of the loaded spring’s length.  

The minimum uncertainty in each measured length is 1 mm using a meter ruler with 1 mm 
divisions (the actual uncertainty is likely to be larger due to parallax in this instance).  The 
extension would be the difference between the two readings so the minimum uncertainty would 

be 2 mm.   

 

 

 

 

 

 

 

 

2. Fixing one end and taking a scale reading of the lower end. 

Two readings must be taken for this: the end point of the unloaded spring’s length and the end 
point of the loaded spring’s length. The start point is assumed to have zero uncertainty as it is 
fixed. 

The minimum uncertainty in each reading would be 0.5 mm, so the minimum extension 

uncertainty would be  1 mm.  

 

 

 

 

 

 

 

Even with other practical uncertainties this second approach would be better.  
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Realistically, the uncertainty would be larger than this and an uncertainty in each reading of 1 mm 
or would be more sensible. This depends on factors such as how close the ruler can be mounted 
to the point as at which the reading is to be taken.  

 

Other factors 

There are some occasions where the resolution of the instrument is not the limiting factor in the 
uncertainty in a measurement.  

Best practice is to write down the full reading and then to write to fewer significant figures when 
the uncertainty has been estimated.  

 

Examples: 

A stopwatch has a resolution of hundredths of a second, but the uncertainty in the measurement 
is more likely to be due to the reaction time of the experimenter.  

Here, you should write the full reading on the stopwatch (e.g. 12.20 s), carry the significant 
figures through for all repeats, and reduce this to a more appropriate number of significant figures 
after an averaging process later. 

 

If you measure the length of a piece of wire, it is very difficult to hold the wire completely straight 
against the ruler. The uncertainty in the measurement is likely to be higher than the ±1 mm 
uncertainty of the ruler.   

Depending on the number of “kinks” in the wire, the uncertainty could be reasonably judged to be 
nearer ± 2 or 3 mm. 

 

The uncertainty of the reading from digital voltmeters and ammeters depends on the electronics 
and is not strictly the last figure in the readout.  

Manufacturers usually quote the percentage uncertainties for the different ranges.  Unless 

otherwise stated it may be assumed that 0.5 in the least significant digit is to be the uncertainty 

in the measurement. This would generally be rounded up to 1 of the least significant digit when 

quoting the value and the uncertainty together. For example (5.21 0.01) V. If the reading 

fluctuates, then it may be necessary to take many readings and do a mean and range calculation.  

 

 

 

 

 

Physics Tip 

A common source of random error is changes in 

temperature – all sorts of things are affected by 

temperature, from the properties of a material to the 

current flowing in a circuit. 
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 Uncertainties in given values 

The value of the charge on an electron is given in the data sheet as 1.60 × 10–19
 C.   

In all such cases assume the uncertainty to be 1 in the last significant digit. In this case the 

uncertainty 0.01 × 10–19 C. The uncertainty may be lower than this but without knowing the 

details of the experiment and procedure that lead to this value there is no evidence to assume 
otherwise. 

Example: 

If the number of lines per m is quoted as 3.5 × 103 (as in AS Physics Specimen Paper 2 (set 1) 
Q1.1) then it is usual to assume that the uncertainty is 1 in the last significant figure,  0.1 × 103 

since there is no indication of the uncertainties in the measurements from which that figure came.  

 

 

 

 

Multiple instances of measurements 

Some methods of measuring involve the use of multiple instances to reduce the uncertainty. For 
example, measuring the thickness of several sheets of paper together rather than one sheet, or 
timing several swings of a pendulum.  

The uncertainty of each measurement will be the uncertainty of the whole measurement divided 
by the number of sheets or swings.  

This method works because the absolute uncertainty on the time for a single swing is the same as 
the absolute uncertainty for the time taken for multiple swings, but there is a lower percentage in 
the time taken for multiple swings. 

 

For example:  

Time taken for a pendulum to swing 10 times: (5.1 ± 0.1) s 

Mean time taken for one swing: (0.51 ± 0.01) s 

 

 

 

 

 

 

 

Examination Tip 

Always check the uncertainties in experimental constants given in questions.  
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 Repeated measurements 

Repeating a measurement is a method for reducing the uncertainty.  

With many readings, one can also identify those that are exceptional (that are far away from a 
significant number of other measurements). Sometimes it will be appropriate to remove outliers 
from measurements before calculating a mean.  

If measurements are repeated, the uncertainty can be calculated by finding half the range of the 
measured values.  

For example: 

Repeat 1 2 3 4 

Distance / m 1.23 1.32 1.27 1.22 

 

1.32 – 1.22 = 0.10 therefore 

Mean distance: (1.26 ± 0.05) m 

 

Percentage uncertainties 

The percentage uncertainty in a measurement can be calculated using: 

𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 =  
𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 

𝑣𝑎𝑙𝑢𝑒
 𝑥 100%  

 

The percentage uncertainty in a repeated measurement can also be calculated using: 

𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 =  
𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 

𝑚𝑒𝑎𝑛 𝑣𝑎𝑙𝑢𝑒
 𝑥 100%  

 

Further examples: 

Example 1. Some values for diameter of a wire  

 

Repeat 1 2 3 4 

Diameter / 
mm 

0.35 0.37 0.36 0.34 

 

The exact values for the mean is 0.355 mm and for the uncertainty is 0.015 mm 

This could be quoted as such or recorded as 0.36 0.02 mm given that there is a wide range and 

only 4 readings.  Given the simplistic nature of the analysis then giving the percentage uncertainty 
as 5% or 6% would be acceptable. 

 

Study Tip 

Learn the method of calculating absolute uncertainties from 

repeated values. 

Study Tip 

Learn the method of calculating percentage 

uncertainties from absolute uncertainties. 
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 Example 2. Different values for the diameter of a wire 

 

Repeat 1 2 3 

Diameter / 
mm 

0.35 0.36 0.35 

 

The mean here is 0.3533 mm with uncertainty of 0.005 mm 

The percentage uncertainty is 1.41% so may be quoted as 1% but really it would be better to 
obtain further data. 

 

Uncertainties in exams 

Wherever possible, questions in exams will be clear on whether you are being asked to calculate 
the uncertainty of a reading, a measurement, or given data.  

Where there is ambiguity, mark schemes will allow alternative sensible answers and credit clear 
thinking.  

If the examination states ‘uncertainty’ it refers to absolute uncertainty. A percentage uncertainty is 
only referred to by that name. 

 

Uncertainties in practical work 

You are expected to develop an understanding of uncertainties in measurements through their 
practical work.  

Examples: 

CPAC 2: You should be attempting to reduce the uncertainties in experiments. This could be by 
choosing appropriate equipment (CPAC 2d), or by choosing procedures such as repeating readings 
that reduce overall uncertainties (CPAC 2c). 

CPAC 4: You should consider uncertainties. For example, you should be making sensible decisions 
about the number of significant figures to include, particularly in calculated values. 

CPAC 5: You could comment on the uncertainties in their measurements. For example, you could 
comment on whether the true value (e.g. for a concentration, or the acceleration due to gravity) 
lies within their calculated range of uncertainty. With some measurements, you may compare 
their value with those from secondary sources, contributing evidence for CPAC 5b. 
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VIDEO LINK 
To watch a video on the following topic, please scan the following code with your smartphone. 
 

 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

Note 

All rights to this video belong to the creator of the video. 

This external third-party content – please check the contents are appropriate. 
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 Error bars in Physics  

There are many ways to draw error bars.  

The following simple method of plotting error bars would therefore be acceptable: 

• Plot the data point at the mean value 

• Calculate the range of the data, ignoring any anomalies 
• Add error bars with lengths equal to half the range on either side of the data point. 
 

Uncertainties from gradients  

To find the uncertainty in a gradient, two lines should be drawn on the graph. One should be the 
“best” line of best fit. The second line should be the steepest or shallowest gradient line of best fit 
possible from the data. The gradient of each line should then be found. 

The uncertainty in the gradient is found by: 

  

percentage uncertainty =  
|best gradient−worst gradient|

best gradient
 × 100% 

Note the modulus bars meaning that this percentage will always be positive.  
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Best gradient 

 

Worst gradient could be either: 

 

Steepest gradient possible 

 

or 

 

Shallowest gradient possible 

Study Tip 

Learn the method of calculating percentage 

uncertainties from graphical methods. 

Physics Tip 

If you have a graph showing the relationship between two 

variables that are directly proportional, you must treat the 

origin as a normal point whilst drawing the line of best fit.  

The origin will be a measurement with no 

uncertainty and so all lines of best fit must pass 

through it. 

Examination Tip 

Be careful if error bars are based on percentage 

uncertainties, they change will change for each 

measurement. 
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 In the same way, the percentage uncertainty in the y-intercept can be found: 

 

percentage uncertainty =  
|best 𝑦 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡 − worst 𝑦 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡|

be𝑠𝑡 𝑦 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡
 ×  100% 

 

VIDEO LINK 
To watch a video on the following topic, please scan the following code with your smartphone. 
 

 
 
 
 
 
 
 

 

 

 

 

 

 

 

Note 

All rights to this video belong to the creator of the video. 

This external third-party content – please check the contents are appropriate. 
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 Combining uncertainties 

Percentage uncertainties should be combined using the following rules: 

Note: Absolute uncertainties (denoted by Δ) have the same units as the quantity. 

Percentage uncertainties (denoted by ε) have no units. 

Uncertainties in trigonometric and logarithmic functions will not be tested in A-level exams. 
 
 
 
 
 
 
 

Combination Operation Example 

Adding or subtracting 
values 
𝒂 =  𝒃 + 𝒄  

 

Add the absolute 
uncertainties 
Δa = Δb + Δc 
 

Object distance, u = (5.0 ± 0.1) cm 

Image distance, v = (7.2 ± 0.1) cm 

Difference (v – u) = (2.2 ± 0.2) cm 

Multiplying values 
 
𝒂 =  𝒃 × 𝒄  

Add the percentage 
uncertainties 
 
εa = εb + εc 

Voltage = (15.20 ± 0.1) V 

Current = (0.51 ± 0.01) A 

Percentage uncertainty in voltage = 0.7% 

Percentage uncertainty in current = 1.96% 

Power = Voltage × current = 7.75 W 

Percentage uncertainty in power = 2.66% 

Absolute uncertainty in power = ± 0.21 W 

Dividing values 
 

𝒂 =  
𝒃

𝒄
  

Add the percentage 
uncertainties 
 
εa = εb + εc 

Mass of object = (30.2 ± 0.1) g 

Volume of object = (18.0 ± 0.5) cm3 

Percentage uncertainty in mass of object         = 

0.3 % 

Percentage uncertainty in volume = 2.8% 

Density = 30.2 = 1.68 g cm–3   
               18.0 
Percentage uncertainty in density = 3.1% 

Absolute uncertainty in density = + 0.05 g cm–3 

Power rules 
 
𝒂 =  𝒃𝒄  

Multiply the 
percentage 
uncertainty by the 
power 
 
εa = c × εb 

Radius of circle = (6.0 ± 0.1) cm 

Percentage uncertainty in radius = 1.6% 

Area of circle = πr2 = 113.1 cm2 

Percentage uncertainty in area = 3.2% 

Absolute uncertainty = ± 3.6 cm2 

(Note – the uncertainty in π is taken to be zero) 

Study Tip 

Learn the method of combining uncertainties in equations. 

Examination Tip 

Remember to convert all 

uncertainties to percentages 

before you combine them. 

Examination Tip 

Remember to convert all 

uncertainties to percentages 

before you combine them. 

Examination Tip 

Remember to convert all 

uncertainties to percentages 

before you combine them. 
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VIDEO LINK 
To watch a video on the following topic, please scan the following code with your smartphone. 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Note 

All rights to this video belong to the creator of the video. 

This external third-party content – please check the contents are appropriate. 

Note 

All rights to this video belong to the creator of the video. 

This external third-party content – please check the contents are appropriate. 
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 Commonly Asked Questions. 
What is the difference between Accuracy and Precision? 
The difference between accuracy and precision is illustrated below by four different archers, each 
with varying degree of ability. The bull's-eye in the target represents the true value of a 
measurement. 

 
  
 

  
 
 
Accuracy: A measurement result is considered accurate if it is judged to be close to the true 
value. 
 
The precision of a measurement is the degree of exactness (sometimes the number of significant 
figures) to which the measurement of a quantity or value can be obtained and reproduced 
consistently.   
• If a reading is constant when repeated, the precision of the measurement will be the precision 
of the instrument. Precision  
• If a reading fluctuates the precision of the measurement (its mean value) is given by half the 
maximum range of the readings. 
 
The precision of an instrument is the smallest non-zero reading that can be measured using the 
instrument. 
 
What is the difference between Repeatable and Reproducible? 
 
Repeatable: A measurement is repeatable if the original experimenter repeats the investigation 
using same method and equipment and obtains the same results.  
Reproducible: A measurement is reproducible if the investigation is repeated by another person, 
or by using different equipment or techniques, and the same results are obtained. 
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TOPIC 3: ESTIMATION OF QUANTITIES 
SPEC CHECK 
Specification Completed? 

Orders of magnitude.   

Estimation of approximate values of physical quantities. 
 
 

 

Students should be able to estimate approximate values of physical quantities 
to the nearest order of magnitude. 
 
 

 

Students should be able to use these estimates together with their knowledge 
of physics to produce further derived estimates also to the nearest order of 
magnitude. 
 

 

 
Student Checklist 
 

Have I……. 
 

Yes or No? 

Read through the notes of this section? 
 

 

Highlighted/underlined the key concepts of this section? 
 

 

Made my own notes based on the notes of this section? 
 

 

Brought the notes to be used in lesson? 
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NOTES 
An order of magnitude is a multiple of 10.  

An example of this is 103 or 10-7. 

Such differences in order of magnitude can be measured on the logarithmic scale in "decades," or 

factors of ten.  

 

It is common among scientists and technologists to say that a parameter whose value is not 

accurately known or is known only within a range is "on the order of" some value. The order of 

magnitude of a physical quantity is its magnitude in powers of ten when the physical quantity is 

expressed in powers of ten with one digit to the left of the decimal. 

 

Orders of magnitude are generally used to make very approximate comparisons and reflect very 

large differences. If two numbers differ by one order of magnitude, one is about ten times larger 

than the other. If they differ by two orders of magnitude, they differ by a factor of about 100. 

Two numbers of the same order of magnitude have roughly the same scale - the larger value is 

less than ten times the smaller value. 

 

It is important in the field of science that estimates be at least in the right ballpark. In many 

situations, it is often sufficient for an estimate to be within an order of magnitude of the value in 

question. Although making order-of-magnitude estimates seems simple and natural to 

experienced scientists, it may be completely unfamiliar to the less experienced. 

 

Answering Examination Questions 

We can use significant figures to get an approximate answer to a problem. 

We can round off all the numbers in a problem to 1 significant figure to make 'easier' numbers.  

It is often possible to do this in your head. 

This should give you answer to the correct order of magnitude. 

 

 

 

 

https://www.boundless.com/definition/order-of-magnitude/
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 Examples 

E1. Find a rough answer to 19.4 over 0.0437 

We first round off both numbers to 1 significant figure (s.f.): 

19.4 = 20 (1 s.f.) 

0.0437 = 0.04 (1 s.f.) 

So, we now need to make the denominator a whole number. We can do this by multiplying both 

20 and 0.04 by 100.  

Divide everything by 4. 

 

The real answer to 19.4 ÷ 0.0437 = 443.9359... So, this was a good estimate. 

 

E2. How would you get an approximate answer for 386062 × 0.007243? 

Did you get the answer 400000 × 0.007 = 2800? 

Rounding to 1 s.f. 

386062 = 400000 

0.007243 = 0.007 

So, 400000 × 0.007 = 2800 

 

 

 

 

 

 

 

Examination Tip 

It is good practice to estimate answers in your examination, this checks to see if you answer seems 

sensible. 
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VIDEO LINK 
To watch a video on the following topic, please scan the following code with your smartphone. 
 

 
 
 
 
 

 

 

 

 

 

 

 

 

Note 

All rights to this video belong to the creator of the video. 

This external third-party content – please check the contents are appropriate. 
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TOPIC 4: WRITING AN INVESTIGATION 

NOTES 
You should recognise that the type of graph that they draw should be based on an understanding 
of the type of data they are using and the intended analysis of the data.  

The rules below are guidelines which will vary according to the specific circumstances.  

Labelling axes 

Axes should always be labelled with the quantity being measured and the units. These should be 
separated with a forward slash (solidus): 

 

 

time / seconds 

 

 

length / mm 

Axes should not be labelled with the units on each scale marking. 

 

Data points 

Data points should be marked with a cross. Both  and  marks are acceptable, but care should 

be taken that data points can be seen against the grid. 

Error bars can take the place of data points where appropriate. 

 

 

 

 

 

 

 

 

 



St Mary’s Catholic School 

 

A Level Physics Year 1 Class Student Preparatory Book: 3.1 Measurements and Errors  42 

 Scales and origins 

You should attempt to spread the data points on a graph as far as possible without resorting to 
scales that are difficult to deal with. You should consider: 

• the maximum and minimum values of each variable 
• the size of the graph paper 

• whether 0.0 should be included as a data point  
• whether they will be attempting to calculate the equation of a line, therefore needing the y 

intercept (Physics only) 
• how to draw the axes without using difficult scale markings (e.g. multiples of 3, 7, 11 etc) 
• In exams, the plots should cover at least half of the grid supplied for the graph. 
 

For example, the following three graphs are intended to illustrate the information above relating 
to the spread of data points on a graph.  

When producing such graphs on the basis of real practical work or in examination questions would 
be expected to add in axes labels and units. 
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This graph has well-spaced marking 

points and the data fills the paper. 

Each point is marked with a cross 

(so points can be seen even when a 

line of best fit is drawn). 
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This graph is on the limit of 

acceptability. The points do not 

quite fill the page, but to spread 

them further would result in the use 

of awkward scales. 

At first glance, this graph is well 

drawn and has spread the data 

out sensibly. 

However, if the graph were to 

later be used to calculate the 

equation of the line, the lack of 

a y-intercept could cause 

problems. Increasing the axes to 

ensure all points are spread out 

but the y-intercept is also 

included is a skill that requires 

practice and may take a couple 

of attempts. 

Examination Tip 

A common examination question is 

draw in a line of best fit and then 

determine either the gradient, the 

maximum value, minimum value or 

the y-intercept.  
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 Lines of best fit 

Lines of best fit should be drawn when appropriate. You should consider the following when 
deciding where to draw a line of best fit: 

• Are the data likely to be following an underlying equation (for example, a 
relationship governed by a physical law)? This will help decide if the line should be 
straight or curved. 

• Are there any anomalous results?  
• Are there uncertainties in the measurements? The line of best fit should fall within 

error bars if drawn. 
 

There is no definitive way of determining where a line of best fit should be drawn. A good rule of 
thumb is to make sure that there are as many points on one side of the line as the other. Often 
the line should pass through, or very close to, the majority of plotted points. 

Graphing programs can sometimes help, but tend to use algorithms that make assumptions about 
the data that may not be appropriate. 

Lines of best fit should be continuous and drawn as a thin pencil that does not obscure the points 
below and does not add uncertainty to the measurement of gradient of the line. 

Not all lines of best fit go through the origin. You should ask whether a 0 in the independent 
variable is likely to produce a 0 in the dependent variable. This can provide an extra and more 
certain point through which a line must pass.  

A line of best fit that is expected to pass through (0,0), but does not, would imply 
some systematic error in the experiment. This would be a thorough source of 
discussion in an evaluation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Examination Tip 

You must be able to work out values from the equation of a straight-line graph. 

This includes using the y-intercept and the gradient to derive answers. 
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 Measuring gradients  

When finding the gradient of a line of best fit, students should show their working by drawing a 
triangle on the line. The hypotenuse of the triangle should be at least half as big as the line of 
best fit.  

 

 

𝒈𝒓𝒂𝒅𝒊𝒆𝒏𝒕 =  
∆𝒚

∆𝒙
 

When finding the gradient of a curve, e.g., the rate of reaction at a time that was not 
sampled, students should draw a tangent to the curve at the relevant value of the 
independent variable (x-axis).   

Use of a set square to draw a triangle over this point on the curve can be helpful in 
drawing an appropriate tangent. 
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Δy

The line of best fit here has 

an equal number of points 

on both sides. It is not too 

wide so points can be seen 

under it. 

The gradient triangle has 

been drawn so the 

hypotenuse includes more 

than half of the line. 

In addition, it starts and 

ends on points where the 

line of best fit crosses grid 

lines so the points can be 

read easily (this is not 

always possible). 

Δx 

Examination Tip 

When you are analysing a curve of best fit – a tangent should always be drawn and used. 

Physics Tip 

When drawing a tangent, it helps to make it long – it will be easier to draw, and the tangent line 

will be more likely to intersect some grid lines, making the gradient easier to calculate. 
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 The equation of a straight line 

Students should be able to translate graphical data into the equation of a straight line. 

y = mx + c 

 

Where y is the dependent variable, m is the gradient, x is the independent variable and c is the y-
intercept. 
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Δ y = 28 – 9 = 19 

Δ x = 90 – 10 = 80 

gradient = 19 / 80 = 0.24 (2 sf) 

y-intercept = 7.0 

 

equation of line: 

y = 0.24 x + 7.0 

Δx 

Δy 

y-intercept Δx 

Δy 

Examination Tip 

You must be able to work out values 

from the equation of a straight-line 

graph. 

 

This includes using the y-intercept 

and the gradient to derive answers. 
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 Testing relationships  

Sometimes it is not clear what the relationship between two variables is. A quick way to find a 
possible relationship is to manipulate the data to form a straight-line graph from the data by 
changing the variable plotted on each axis. 

 

For example: 

Raw data and graph 
 

 

 

 

 

 

 

 

 

 

This is clearly not a straight-line graph. The relationship between x and y is 
not clear. 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

x y 

0 0.00 

10 3.16 

20 4.47 

30 5.48 

40 6.32 

50 7.07 
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70 8.37 
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90 9.49 

100 10.00 
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Physics Tip 

If an experiment really does confirm that changing 

one variable causes another to change, it is said 

the variables share a causal link. 

Examination Tip 

Two variables are directly proportional if  

One Variable = Constant x Other Variable 
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 Manipulated data and graphs 
A series of different graphs can be drawn from these data. The one that is closest to a straight line is a 
good candidate for the relationship between x and y.  

 

  

x y √y y2 y3 

0 0.00 0.00 0.00 0.00 

10 3.16 1.78 10.00 32 

20 4.47 2.11 20.00 89 

30 5.48 2.34 30.00 160 

40 6.32 2.51 40.00 250 

50 7.07 2.66 50.00 350 

60 7.75 2.78 60.00 470 

70 8.37 2.89 70.00 590 

80 8.94 2.99 80.00 720 

90 9.49 3.08 90.00 850 

100 10.00 3.16 100.00 1000 

0

1

2

3

4

0 20 40 60 80 100

√y

x
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This is an idealised set of data to 
illustrate the point. 

 

The straightest graph is y2 against 
x, suggesting that the relationship 
between x and y is 

 

y2 ∝ x 

Physics Tip 

Your line of best fit should 

always go through all of the 

error bars – if it does not – the 

point must be anomalous. 
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 DATASHEET 
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If you when using this document, you believe there is an improvement to made, please state this in the 

space below…. 

Only constructive and reasoned feedback will be considered. 

 


