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Physics A Level Study Pack

Part 2

Getting a value

Using the same equation twice

A common situation in a physics problem is finding that you have one equation, and two sets of values.   But if each set of values, on its own, does not contain enough information to solve the equation, you have two use the two sets at the same time to eliminate all the unknowns.  These are known as simultaneous equations, and you will be doing more of those in Maths.   But for a taster, here is an example:

Example

A formula you will come across in circuit theory is 
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.  When R=15, I=1, and when R=5, I=2.   What are the values of E and r?
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R=15, I=1
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R=5, I=2
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Putting the right hand side (RHS) of equation 1 equal to the RHS of equation 2:
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We can now put this result into either equation 1 or 2 to get a value for E:
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Answer: E=20, r=5

SYMBOL 111 \f "Monotype Sorts" \s 12 \h
It helps to number the equations you are using, and any others that you create by rearranging etc, as you go along.

SYMBOL 111 \f "Monotype Sorts" \s 12 \h
To check that you have got it right, you can put the values in both equations to check that they work.   If not, you have done something wrong.

SYMBOL 111 \f "Monotype Sorts" \s 12 \h
Remember to set out your working clearly.
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Don't forget the units.  (The example does not have any in this case.)

Exercise 1

Using the following formulae and the sets of data given, find values for the missing quantities.



Formula
Information
Find...


1.
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2.
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Units

In the questions in Exercise 1, all of the quantities were pure numbers.   In Physics, however, most quantities consist of a value plus the units.   For example, the units of length and distance are metres, or centimetres, or millimetres, or miles, etc.   You have met many different quantities and their units at GCSE: see how many you can remember...

Exercise 2

Fill in the gaps...


Quantity
Units
Symbol

Force
newtons
N


Mass








metres per second




Acceleration






Current






Voltage








ohms




Energy






Work








hertz




Wavelength








coulombs



You have probably been used up until now to writing 'metres per second' as m/s.   But in A Level, we use indices instead, ie: we write 
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.   Specific heat capacity, which you have met as J/kgSYMBOL 176 \f "Symbol"C should be written as 
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Notice also that all units start with lower case letters: this is to distinguish them from the people they are sometimes named after (eg: newton/Newton).   The symbol, however, will always be a capital letter (eg: N).

SI units

	Unit
	Symbol
	Definition
	Adopted in...

	Metre
	m
	The metre is the length of the path travelled by light in vacuum in a time interval of 1/299 792 458 of a second.
	1983

	Kilogram
	kg
	The kilogram is the mass of the international prototype (kept in Paris)
	1901

	Second
	s
	The second is the duration of 9 192 631 770 periods of the radiation corresponding to the transition between the two hyperfine levels of the ground state of the caesium-133 atom.
	1967

	Ampere
	A
	The ampere is that constant current which, if maintained in two straight parallel conductors of infinite length, of negligible circular cross section, and placed one metre apart in vacuum, would produce between those conductors a force equal to 
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 newton per metre of length.
	1948

	Kelvin
	K
	The kelvin is the fraction 1/273.16 of the thermodynamic temperature of the triple point of water.
	1967

	Mole
	mole
	The mole is the amount of substance which contains as many elementary entities as there are atoms in 0.012 kilogram of carbon-12.
	1967

	Candela* 
	cd
	The candela is the luminous intensity, in a given direction, of a source that emits monochromatic radiation of frequency 
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 hertz and that has a radiant intensity in that direction of 1/683 watt per steradian.
	1979


After an agreement between scientists of most nationalities, the Système International (known as the SI system, and French for International System, not surprisingly) was drawn up, dictating the standard units for seven fundamental quantities (and also how they would be defined).   The standard units adopted by the Conférence Général des Poids et Mesures are as follows:

All other units can be defined in terms of these 'base' units.   For example, if we want to determine how the newton is related to the base units, we first start off with an equation that includes a force:
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m, the mass, is measured in kg, which is a base unit


a, the acceleration, is measured in 
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so we can multiply the units together, and we find that 
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This is not necessarily something that we will want to do very often, but it can be useful at times, and is worth being able to do.

Exercise 3

Use the following formula to express the units in terms of base units



Formulae
Unit
...in terms of base units

1.
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2.
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	Prefix
	Factor
	Symbol

	exa
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	milli
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	nano
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	pico
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Prefixes

Often it is more appropriate to use a multiple or sub multiple of a unit for a given quantity simply because the unit itself is either too big or too small. To save ourselves writing out the powers of ten or even all the zeros, we use prefixes in front of the units as a sort of short hand.   You will already be familiar with milli (m), which means 'one thousandth' and kilo (k), which means 'one thousand' but there are many more, eg: wavelengths of electromagnetic radiation are often measured in nanometres (nm).  The most commonly used prefixes are shaded.

Exercise 4

Convert the following quantities into more sensible units.  The first one is done for you.


1.
300000m
300km
6.
0.078mm





2.
0.007m


7.
12300000pA




3.
0.00002A


8.
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10.
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Quoting Answers

Nine times out of ten, your calculator will give you an answer to around 8 decimal places.   However, you do not need to give this much information as your answer, so you should truncate (shorten) your answer.   There are two ways of doing this: 

Significant Figures

The 'significant figures' of a number are the first non-zero digits, eg: in the number 0.00034, the first significant digit is 3.   If you quote an answer to a certain number of significant figures, you start with the first non-zero digit, and list the required number of digits, rounding the last digit.

eg:
0.0030945 to 3 significant figures would be 0.00309 (3 s.f.)


0.0030945 to 2 significant figures would be 0.0031 (2 s.f)

Note how the accuracy is quoted in brackets after the number.

Decimal Places

The 'decimal places' of a number are how many digits are given after the decimal point.

eg:
0.0030945 to 3 decimal places would be 0.003 (3 d.p.)


0.0030945 to 6 decimal places would be 0.003095 (6 d.p.)

Again, the last digit must be rounded.  Obviously, if this number was quoted to less than 3 decimal places, the value would be zero, which is wrong.   Care must be taken when rounding answers to significant figures or decimal place.

Here are some tips about quoting answers:
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Never quote an answer to less than 2 significant figures.
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Most answers should be quoted to 3 or 4 significant figures.
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Don't leave out trailing zeros: if you are quoting 2.001 to 3 decimal places, then write out 2.00 (3d.p.) as the answer.
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Angles of less than should be quoted to 2 decimal places, eg: 3.92SYMBOL 176 \f "Symbol".
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Angles of more than about 5SYMBOL 176 \f "Symbol" should be quoted to 1 decimal place, eg: 187.1SYMBOL 176 \f "Symbol".
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Always give the accuracy you are using with the answer, eg 1 d.p., 3 s.f.

Keep the numbers in your working to a greater accuracy than you are quoting in.  It's no good working out a couple of values to 3 s.f. and then using those values to produce an answer which you quote to 4 s.f.    Similarly, you cannot claim an answer to be more accurate than the values given to you in a problem.    This is something you will quickly pick up with practice.

Exercise 5

Give the following numbers to their required accuracy



Number
Accuracy
Answer


1.
1.23456
3 d.p.




2.
0.00009741234
4 s.f.




3.
0.000879912
3 s.f.




4.
7689932
3 s.f.




5.
0.0030009
4 s.f.




6.
7070777
3 s.f.




7.
101.0004
3 d.p.




8.
8001999
3 s.f.




9.
0.10006789
4 d.p.




10.
79.00499
4 s.f



* The candela is rarely used.
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