Higher Physics
(Units, prefixes and uncertainties)
St Andrew’s Academy

This booklet has notes and space for completing worked examples on units, prefixes and uncertainties and covers the following key areas:

1. Units, prefixes and scientific notation
2. Uncertainties
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1. Units, prefixes and scientific notation
Learning outcomes:
· Appropriate use of units and prefixes. 
· SI units should be used with all physical quantities, where appropriate. Prefixes should be used where appropriate. These include pico (p), nano (n), micro (μ), milli (m), kilo (k), mega (M), giga (G) and tera (T). 
· Use of the appropriate number of significant figures in final answers. This means that the final answer can have no more significant figures than the value with least number of significant figures used in the calculation. 
· Appropriate use of scientific notation. 

Units and prefixes:

SI units should be used with all physical quantities. There are a number of physical quantities in the higher course, some you are aware of and some you are not. You will lose marks if you do not remember the units. Anytime you are introduced to an equation in the course you will be given all accompanying units. It is your responsibility to remember them.

Below is a table of prefixes and their definitions. Just like the SI units, you must know them all, they will not be given to you during your exam.

	Smaller
[Name (symbol) = number]
	Bigger
[Name (symbol) = number]

	milli (m)     =    x10-3
	kilo (k)          =     x103

	micro (μ)    =    x10-6
	mega (M)     =     x106

	nano (n)     =    x10-9
	giga (G)         =     x109

	pico (p)      =    x10-12
	tera (T)          =     x1012



























Significant figures:

For any problem your final answer should contain no more significant figures than the value with the least number of significant figures used in the calculation. For example:

A car travels 1256 metres in a time of 123 seconds. Calculate the velocity of the car.

distance = 1256 m (4 sig figs)
time = 123 s (3 sig figs)

final answer should therefore have no more than 3 significant figures

v = d / t = 1256 / 123 = 10.21138211 ms-1	3 sig figs means final answer v = 10.2 ms-1

You are allowed a margin of error of 1 too few and 2 too many so acceptable answers would be:	10, 10.21, 10.211 ms-1

At higher level, if you stick to 3 significant figures you will always be within this margin of error.

Note that if you place a 0 after a decimal place this counts as an additional significant figure. Look at the section taken from a marking scheme below from a past paper:
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In the case above 3 is classed as 1 sig fig but 3.0 is classed as 2 sig figs. If the answer is to be displayed as 2 sig figs then it needs to be 2.9 as shown above.




Scientific notation

Answers should be finalised in scientific notation where appropriate. It is good practice to turn any answer with at least six figures into scientific notation.














2. Uncertainties

Learning outcomes:

· Knowledge of scale reading, random, and systematic uncertainties in a measured quantity. 
· All measurements of physical quantities are liable to uncertainty, which should be expressed in absolute or percentage form. 
· Scale reading uncertainty is an indication of how precisely an instrument scale can be read. 
· Random uncertainties arise when measurements are repeated and slight variations occur. Random uncertainties may be reduced by increasing the number of repeated measurements. 
· Use of an appropriate relationship to determine the approximate random uncertainty in a value using repeated measurements. 

random uncertainty = max min max. value - min. value 
 number of values 

	or

		∆R = Rmax – Rmin
			    n		

· Systematic uncertainties occur when readings taken are either all too small or all too large. This can arise due to measurement techniques or experimental design. 
· The mean of a set of repeated measurements is the best estimate of the ‘true’ value of the quantity being measured. When systematic uncertainties are present, the mean value will be offset. When mean values are used, the approximate random uncertainty should be calculated. 
· Appropriate use of uncertainties in data analysis. 
· When an experiment is being undertaken and more than one physical quantity is measured, the quantity with the largest percentage uncertainty should be identified and this may often be used as a good estimate of the percentage uncertainty in the final numerical result of an experiment. The numerical result of an experiment should be expressed in the form final value ± uncertainty. 














Uncertainties:

When taking measurements, there are uncertainties to be taken into account. There are three types of uncertainties.

1. Systematic Uncertainties

These are caused by some constant error throughout an experiment.
	Measurements all affected in the same way.
	E.g.	i)  Ammeter not properly set to zero.
			ii)  Measuring tape ‘stretched’.
			iii) Same mistake made for each reading.

For example look at 
[bookmark: _GoBack]the ruler shown in fig. 1					fig. 1


The zero on the scale is not at the edge of the ruler.

A student uses the ruler to measure the height of a clamp stand arm in fig. 2.
 
fig. 2


If they do not take the offset into account then the measurement will be out by around 6mm. Using the ruler in this fashion will give every length measurement incorrect with the same 6mm offset.






· Where a systematic effect is present, the mean value of the measurements will be offset from a “true value” of the physical quantity being measured.
· A systematic uncertainty can result in a graph like this:









2. Reading Uncertainties

This uncertainty indicates how well an instrument scale can be read.

· For analogue scales, uncertainty is
		± ½ the least division

· For digital scales, uncertainty is
		± 1 in the least significant digit

Example – analogue scale



· Smallest division – 0.1 cm
· ½ smallest division – 0.05 cm
· Length = (2.6 ± 0.05) cm
· Length lies between 2.55 and 2.65 cm


Example – digital scale



· Smallest division – 0.01 s
· time = (2.36 ± 0.01)s
· time lies between 2.35 and 2.37 s


3. Random Uncertainties

· Result vary naturally when measurements are repeated. 
· The mean gives the best estimate of the true value.

	Random Uncertainty = max. reading – min. reading
					no. of readings taken


Measurements are repeated in experiments in order to reduce random uncertainty.


Random uncertainty and reliability

We also want to have some indication as to how reliable the result obtained is. This can be done by calculating a numerical value for random uncertainty.
Let us examine two different sets of experimental results:

	measurement
	set A
	set B

	 1
	1.00
	1.13

	2
	0.99
	1.02

	3
	1.00
	0.85

	4
	1.03
	0.97

	5
	1.03
	1.08



Find the mean of both sets below, show your working



Set A: 





Set B:




Both sets of results give the same mean value, but are both sets of results equally reliable?
Calculate the random uncertainty for each set using the equation below:

Random Uncertainty = max. reading – min. reading
				no. of readings taken

Show your working



Set A:






Set B:


Therefore:	Set A (1.01 ± 0.008)s		
		Set B (1.01 ± 0.056)s

From these results it is clear that set A is more reliable than set B since the random uncertainty is less.

Percentage Uncertainties:

If we wish to see how much more reliable one set of values is compared to another then we must calculate the percentage uncertainty in the values. This is definitely the case where we have different quantities to compare. 

For example the mass of the ball was measured before each drop and a further set C results were obtained: Set C (0.58 ± 0.02) kg

Percentage uncertainty [%Δ]
	
%Δ = 		random uncertainty 			x 100%
		    mean value

Calculate the % uncertainties of all three sets below, again show your working:


%Δ set A = 


%Δ set B = 


%Δ set C = 


This shows that set ___ is more reliable than set ___, but less reliable than set ___.



Comparison of Uncertainties for a Final Answer

i. Uncertainties can be expressed in two ways:
ii. 
	Absolute uncertainty e.g. (100 ± 4) cm
		or
	Percentage uncertainty e.g. 100 cm ± 4%

ii. In calculations, the overall uncertainty will be the highest percentage uncertainty.
iii. 
	% uncertainty = 	random uncertainty   x 100%
				    mean value


Example

· Find the speed and overall uncertainty of an object that travels (25 ± 2.5) m in a time of (12.5 ± 1) s.

1. Find the actual value first:



2. Find % uncertainty of both distance and time:




3. Biggest % is    % - so apply this to final answer:
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