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PHYSICS SUMMARY 
 
3.1 - Measurements and their errors 
 

o 3.1.1 - Use of SI units and their prefixes 
 

• SI base units:  
 
 
 
 
 
 
 
 
 
 
All other units are known as derived units and can be derived from these base units. 
 

o 3.1.2 - Limitation of physical measurements 
 
Random errors: readings that spread about the true value due to results varying in an 
unpredictable way. They affect precision. 
 

- They are due to observation or reading errors, environmental causes (fluctuating 
room temperature), or simply measuring a random process. 

- They are minimised by repeating readings and calculating the mean value 
(fluctuations are averaged out). 

 
Systematic errors: readings that are consistently too high or too low by the same amount 
(constant). They shift all your results. They affect accuracy. Errors show a pattern. 
 

- They are due to factors such as instrumental error, reading error, poor 
experimental design or an external factor such as magnetic field or pressure. 

- The problem with them is that you don’t know they are there. If you suspect a 
systematic error, you should identify the source of the error and remove it, or if 
not, repeat the experiment with a different technique or apparatus. Systematic 
errors can’t be reduced by taking more measurements.  

 
Precision: how close the measured results are to each other (whether the results are 
numerically close together, high number of common significant figures). The smaller 
amount your data spreads from the mean, the more precise it is.  The data can be far 
from the true value and still be precise. 

• ↑ Precision: 
- Repeat and find averages. 
- Remove anomalies/outliers. 
- Use sensitive instruments. 
- Greater number of decimal places. 

Quantity Unit Symbol 
Length metre m 
Mass kilogram kg 
Time second s 

Electrical current ampere A 
Temperature kelvin K 

Amount mole mol 
Luminous intensity candela cd 
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Accuracy: how close a measured value is to the actual true value. You can therefore only 
comment on accuracy if you know the true value of the result. 

• ↑	Accuracy: 
- Use a wider range of data/readings. 
- Use intermediate distance between points. 
- Reduce parallax error. 
- Check for zero errors. 

 
Significant figures: 

- Addition and subtraction: answer must have the same number of decimal places 
as the measured number with the least number of decimal places. 

- Multiplication and division: answer must have the same number of significant 
figures as the measured number with the least significant figures. 

 
Variables: 

- Dependent variable: the thing you measure in an experiment (y-axis). 
- Independent variable: the thing you change in an experiment (x-axis). 
- Controlled variable: the thing you keep constant throughout the experiment. 

 
Fair test: all the other variables must be kept the same. Instruments, temperature, 
humidity, density, etc. 

- Repeatable: a repeatable experiment is that that can be repeated multiple times 
and you can get the same results. 

- Reproducible: a reproducible experiment is that that can be recreated by 
someone else using different equipment or methods and get the same 
(‘reproducible’) results. 

 
Resolution: the resolution of a device is the smallest increment in the measured quantity 
that can be shown on the device. 
 

• Uncertainties: can be shown in absolute amounts, fractional and percentages. 
 

- Absolute (∆𝑢): uncertainty of a measurement given as a certain fixed quantity.  
E.g. 𝑃 = (7.75 ± 0.21)	𝑊. It has the same units as the magnitude. 
- Fractional: uncertainty given as a fraction the measurement. 
E.g. 𝑃 = 17.75	 ± !""

#$$$
2𝑊 It has the same units as the magnitude. 

- Percentage (𝜀𝑢): uncertainty given as a percentage the measurement. 
E.g. 𝑃 = 7.75	𝑊 ± 2.66	%. It has no units. 
You can decrease the percentage uncertainty in your data by taking measurements of 
large quantities. 

- Small percentage uncertainty à precise results (does not mean that the results 
are correct or accurate). 

- Big percentage uncertainty à unprecise results (does not mean that the results 
are correct or accurate). However, if you have got unprecise results, a strong 
conclusion cannot be made. 

When showing uncertainties be careful to not overstate precision. Show the same 
number of significant figures as the value.  
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• Combining uncertainties: 

- Single reading: ± half of the smallest division of the measuring instrument used (±	½ 
resolution). E.g. A reading of 30 ºC will be 30 ± 0.5 ºC (since there is no zero error).  

- However, measurements have zero error. To measure a length with a ruler, you take 
a measurement at each end of the object you are measuring, so there is uncertainty 
at each end. If 17.0 cm are measured, there is an uncertainty of 0.05 + 0.05 = 0.1 cm. 
Therefore, the uncertainty is ± of the smallest division (± resolution). 

- If you are just giving a reading take the resolution as the uncertainty. E.g. A 
measurement of 17.6 ms-1 will be 17.6 ± 0.1 ms-1. So, ± of the smallest division.  

- Multiple readings: uncertainty of a mean of repeated results is equal to half the range 
of the results. (If range = 0, take ± half of one division). 

- Adding or subtracting quantities: add the absolute uncertainties. 
- Multiplying or dividing quantities: add the percentage uncertainties. (Once you had 

found the 𝜀𝑢 you can find the ∆𝑢 of your result). 
- Raising to a power: multiply the percentage uncertainty by the power. 

Uncertainties can be represented on a graph using error bars.  

Uncertainty of a gradient: 

𝐵𝑒𝑠𝑡	𝑓𝑖𝑡	𝑙𝑖𝑛𝑒	𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡	 ± (𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒	𝑏𝑒𝑡𝑤𝑒𝑒𝑛	𝑡ℎ𝑒	𝑏𝑒𝑠𝑡	𝑓𝑖𝑡	𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡	𝑎𝑛𝑑	𝑡ℎ𝑒	𝑤𝑜𝑟𝑠𝑡	𝑓𝑖𝑡	𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡) 

Types of data: 
 

- Discrete data: variable that can only take specific values within a given range. 
- Continuous data: variable that can take any value in a given range. Line graph. 
- Categoric data: data is sorted in categories. Bar chart or pie chart. 
- Ordered data: similar to categoric but the categories are put in order. 

 
Straight line graphs: used to test relationships between quantities. Functions with 
squared or reciprocal variables may be plotted instead of raw data.  
 
Scatter graphs are used to see if two sets of data have a correlation. You can draw a 
straight line on a scatter graph to show the trend.  

- Depending on the relationship two variables can have positive, negative or no 
correlation if there is no relationship between the variables. 

- A correlation does not immediately mean that two variables are related, there 
could be a third variable involved.  

- Therefore, if the result of one variable is the result of the occurrence of the other 
event there is a casual relationship. 
 

o 3.1.3 - Estimation of physical quantities 

Approximate values of physical quantities can be estimated to the nearest order of 
magnitude.  
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• Orders of magnitude: 
 

Prefix Multiplication factor (m) Symbol 
Tera 1012 T 
Giga 109 G 
Mega 106 M 
Kilo 103 k 
Mili 10-3 m 

Micro 10-6 𝜇 
Nano 10-9 n 
Pico 10-12 p 

Femto 10-15 f 
 
3.2 - Particles and radiation 
 

o 3.2.1 - Particles  
 

§ 3.2.1.1 - Constituents of the atom (Atomic structure) 
 
Atoms are made up of protons, neutrons and electrons. Protons and neutrons are both 
known as nucleons. The electrons orbit the nucleus in shells. 
 

Particle Charge 
(coulombs, C) 

Mass (kg) Relative 
charge 

Relative mass 

Proton +1.60 x 10-19 1.67 x 10-27 +1 1 

Neutron 0 1.67 x 10-27 0 1 

Electron - 1.60 x 10-19 9.11 x 10-31 -1 0.0005 

 
Proton number - atomic number - Z (number of protons) 
 

- Defines the element. In a neutral atom, the number of electrons equals the 
number of protons. A particle with different number of electrons to protons is 
called an ion. The element’s reactions and chemical behaviour depend on the 
number of electrons. 

 
Nucleon number - mass number – A (number of protons and neutrons added together)  
 

- Since each proton and neutron has a relative mass of approximately 1 and the 
electrons weigh virtually nothing, the number of nucleons is the same as the 
atom’s relative mass. 

 
The nuclide notation of an element gives the proton and nucleon number together with 
the symbol for the element.  (A = Z + n) 

𝑿𝒛𝑨  
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Isotopes are atoms with the same atomic number but different mass number; same 
number of protons but different number of neutrons. 
 
Relative atomic mass: the ratio of the average mass of one atom of an element to one 
twelfth of the mass of an atom of carbon-12. 
 
Changing the number of protons doesn’t affect the atom’s chemical properties, but it 
affects the stability of the nucleus. Unstable nuclei are radioactive and decay over time 
into different more stable nuclei. 
 
As all living things consist of carbon atoms, radioactive isotopes can be therefore used 
to calculate how old things are. Given that living things contain the same amount of 
carbon-14 inside them, and that after they die, this amount decreases over time as it 
decays to stable elements, scientists can therefore calculate the approximate age of 
archaeological finds made from organic matter by the use of isotopic data to find the 
percentage of radioactive carbon-14 that’s left in the object. 
 
The specific charge of a particle is the charge-to-mass ratio.  
 

𝑺𝒑𝒆𝒄𝒊𝒇𝒊𝒄	𝒄𝒉𝒂𝒓𝒈𝒆	(𝑪𝒌𝒈%𝟏) = 	
𝑪𝒉𝒂𝒓𝒈𝒆	(𝑪)
𝑴𝒂𝒔𝒔	(𝒌𝒈)

 

 
- Fundamental particles: 
 

Electron = −1.76 × 10%!!𝐶𝑘𝑔%! 
Proton = 9.58 × 10'𝐶𝑘𝑔%! 
Neutron = 0	𝐶𝑘𝑔%! 
 

- Nucleus of an atom: 
 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐	𝑐ℎ𝑎𝑟𝑔𝑒	𝑜𝑓	𝑎	𝑛𝑢𝑐𝑙𝑒𝑢𝑠 = 	
𝑝𝑟𝑜𝑡𝑜𝑛	𝑛𝑢𝑚𝑏𝑒𝑟	 ×	(1.60 × 10%!()
𝑛𝑢𝑐𝑙𝑒𝑜𝑛	𝑛𝑢𝑚𝑏𝑒𝑟	 ×	(1.67 × 10%)')

 

 
- Neutral atom: 0 

 
- Positive ion: 

 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐	𝑐ℎ𝑎𝑟𝑔𝑒	𝑜𝑓	𝑎𝑛	𝑖𝑜𝑛 = 	
𝑖𝑜𝑛	(𝑛º	𝑜𝑓	𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠	𝑙𝑜𝑠𝑡) 	×	(1.60 × 10%!()

𝑛𝑢𝑐𝑙𝑒𝑜𝑛	𝑛𝑢𝑚𝑏𝑒𝑟	 ×	(1.67 × 10%)')
 

 
- Negative ion:  

 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐	𝑐ℎ𝑎𝑟𝑔𝑒	𝑜𝑓	𝑎𝑛	𝑖𝑜𝑛 = 	
𝑖𝑜𝑛	(𝑛º	𝑜𝑓	𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠	𝑔𝑎𝑖𝑛𝑒𝑑) ×	(−1.60 × 10%!()

𝑛𝑢𝑐𝑙𝑒𝑜𝑛	𝑛𝑢𝑚𝑏𝑒𝑟	 ×	(1.67 × 10%)')
 

 
A fundamental particle is a particle that cannot be break up into anything smaller. It has 
no internal structure. 


