Topic C3 — Quantitative Chemistry 123

Relative Formula Mass

Caleulating relative formula mass ks straight forward enough, but things can get a bit more confusing when
you start working out the percentage compositions of compounds. Best get cracking, | suppose...

Cumpounds Have a Relative Formula Mass, M

lfg:uhwnnmnwurdlhﬂgﬁ,ﬂmﬂhmnrdmfmmu}amm.M' which iz just
the relative atomic masses of all the atoms in the molecular formula added together.

MR R T Ly,
LE o can find the relative
Find the relative formula mass of MgCl,.
1) Look up the relative atomic masses of all the elements in the compound on the

atomic mass (A of an
ehemert from the pericdic
¥ 2 : : , table — iFs the same as
periodic table. (In the exams, you might be given the A you need in the guestion)) o ke
A of Mg = 24 and the A of Cl = 355, -
2) Add up all the relative atomic masses of the atoms in the compound.
Mg+ 2= Cly=24+ (2 x355) =95 So M of MgCl, =95

page 37 for more,
There are two chlormne atoms in Mgl so the relative atomic mas of chorine needs to ke multiphed by 2.
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You Can Calculate the % Mass of an Element in a Compound
This iz actually dead easy — so long as you've learnt fhis formula:
Percentage mass of an _ A x number of atoms of that element ..

element in a compourd M. of the compound

Find the percentage mass of sodium in sodium carbonate, Ma,CO,

A, of sodium = 23, A of carbon =12, A, of exygen =16
M, of Na OO, = (2 = 23) +12 + (3 = 16) =106

A ¥ numper of atoms of that element _23x2
Percentage mass of sodium = M of the compoond x 100 = 106

« 100 = 8%

You might also come across more complicated questions where you need fo work outf the percentage mass.

A miture contains 20% iron ions by mass. What mass of iron chloride (FeCl,) would

you need to provide the iron ions in 50 g of the mixture? A of Fe = 56, A of Cl = 355,

1} Find the mass of iron in the mixture.

The midure contains 20% iron by mass, so in 50 g there MIIMSDH%% =10 g of iron.
2} Calculate the percentage mass of iron in oo chlonde.

Percentage Ac % number of atoms of that element 56
mass of iron M, of the compound 0= B&+[2=350) MIEE = S

3) Calculate the mass of iron chlords that contains 10 g of iron.
iron chloride contains 44.09% iron by mass, so there will be 10 g of iron in 10 = ﬂgg“ =23 g

So you need 23 g of iron chloride to provide the iron in 50 g of the micture.

Relative mass — when you go to church with your parents...
The best way to get to grips with all this stuff is by practising. Start by having a go at these questions...
Q1 Calculate the relative formula mass (M) off  a) H,O b) LIOH ) HS0, 3 marks]

2 Calculate the percentage composition by mass of potassium
in potassium hydroxide {KOH). [2 marks)
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Moles can be pretty confusing. 1t's probably the word that pute people off. [t's difficult to cee the relevance
of the word "mole” to anything but a small burrowing animal.

“The Mole” is Simp!'.?‘ the Name Given to an Amount of a Substance |

1) Junﬂlm"un-:lhn"hﬁlhmmu 1000 000; or "a billion" iz this many: 1 000 0600 000,
: i gtant” is this many: 802 000 000 000 000 000 D00 D00 or 8.02 x 10%.

#.ndil'nl'sdiﬂi-n .luainm

2) One mole of any substance is just an amount of that substance that containg an Avogades number of
particles — so B8.02 x 107 particles. The parficles could be afoms, molecules, jons or electrons.

3} The burning question, of course, iz why is H such a silly long number like that, and with a € at the front?

4) The answer k= that the mass of that humber of gtoms or molecules of any ;
substance iz exactly the sameo humber of grams as the relafive atomic mass
(A,) or refative formuls mess (M,) of the element or compound. R

5) In other words, muﬂgnimmmnuﬂmjmnfwwbﬂmuﬂhwnmmaqunﬂﬂ
the relative formula mazs (4, or M,) for that substance. Here are some examples:

Carbon hasz an A, of 12, o one mole of carbon weighs exactly 12 5.
Nitrogen gas, Ng, has an M, of 28 (2 x 14). Lo one mole of Ny weighs exactly 28 g.
Carbon dicxide, €O, has an M, of 44 (12 + [2 x 18]). 8o one mole of CO, weighs exactly 44 g.

B8) Thizs means thaf 12 g of carbon, or 28 g of N, or 44 g of CO,, all contain the same
nurbar of parficles, namely che mole or 8.023 » 1072 atoms or molecules.

‘miol’ &= the
da = metymulumﬂumm&ﬁgafwimnﬁmmﬁ{ﬂﬂﬂ* 1IBE:|H1¢
1} Calculate the A4 of carbon dioxide. MofCO, =12 + (16 = 2) = unit ‘males.
2} Use the formula above to find out Mao. of moles = Masz (g) + M, =66+ 4 =15 mol

how many moles there are Easy Peasy.

You can ressrange the equation sbove using this handy formuls fdangle. You eould

Mdnmmhnuhmmuﬂnunbuufwm Just cover up the
thing you want fo find with your finger and write down what's leff showing.

fotiniiedd  What mass of carbon is there in 4 moles of carbon dioxide?
There are 4 moles of carbon in 4 moles of CO,.

Cover up ‘mass in the formula triangle. That leaves you with 'no. of moles = M
Se the mass of 4 moles of carbon =4 x 12 =48 g

Caleulations involving moles can send some people into a spin. Don't be one of thosa people — there's
really no need to freak out about moles. Go back over this page until youve got your head round it all. OF Vidum

Q1 Caleulate the number of moles in 90 g of water (H,0). 4{0) = 16, 4,(H) = 1. [2 marks] Be——
02z Calculate the mass of 0.20 mol of potassium bromide (KBr). 4 (K) =39, A(Br) - 80. [2 marks)

What do moles have for pudding? Jam meoly-poly... | m
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Conservation of Mass

You've probably realised by now that you can't magic stuff out of thin gir, and you can't make # magically
dizappesar, etther. This fact iz prety useful for working out the mnounds of subsiances in chemical reactions.

In a Chemical Reaction, Mass is Always Conserved

1} During a chemical reachon no atoms are destroyed and no stoms are created.
D) Thiz means thera are the same number and fypes of stoms on each side of a reaction equation.
3) Because of this, ho mass is lost or gained — we say that mass is conserved during a reacfion.

4)

E-g- 2Ui + F, — 2LF

In this reacfion, there are 2 lithium sfoms and 2 fluorine afoms on sach side of the equation.
By adding up the relafive
formula masses of the m)dﬂ'm

nubmmmmmmgidnn{ﬁ Show that mass is conserved in this reaction: 2Li + F; — 2LiF
g halsnced Elmhd equation, 1) Add up the relative formula masses on the lefbhand side of the equation.

you can see that mass is EZx ML) +2=MIF=2=T)+ 2«19 =14 +38=52
conserved. The total M, of all 2) Add up the relative formula masses on the nght-hand side of the equation.
the reactants equals the tofal 2w MILIF) =2 = (7T+19) =2 x 26 =52

M, of the products. The total M, on the left hand side of the equation s equal

_:‘.'J '.'F"IL::: L:;:I::;;IL::; le to the total M, on the right hand side, so mass is conserved.

7-_ bal squations on p39.
AR AP ANT A RAR R F A
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If the Mass Seems to Change, There's Usually a Gas Involved

In some experiments, you might observe a change of mess of an unsesled reachion vessel during a reaction.
There are usually two explanations for this:

Explanation 1: If the mass increases, H's Explanation 2: If the mass decreases, H's probably
probably because one of the reactants is a because one of the products is a gas and all
gas that's found in alr (e.g. oxygen) and all  fhe reactanfs are solkds, liquids or aquecus.
the products are solids, liquids or aqueous.  «  Bafore the reaction, all the reactands are

Not eating your potatoes — that’s mash conservation...
Mever. ever forget that, in a reaction, the total mass of reactants is the same as the total mass of products.

Ql

= Befors the reaction, the gas is floating contained in the reaction vessal.
around in the air. It's there, but it's = |f the vessel izn't enclosed, then the gas can
not contained in the reaction vessel, escape from the reaction vessel as H's formed.
80 you can't secount for its mass. H's no longer contained in the reachon vessel, so

=  When the gaz reacts o form part of you can't sccount for He mass — the fotal mass
the product, # becomes confained of the ctuff incide the resction vessel decreases.
irﬁlhfhuminhumnl—_m For example, when a mefsl carbonate
the fotal mass of the stuff inside decomposes to form a metal oxide and carbon dioxide
the reaction vessel increases. fas, the mass of fhe reaction vessel will decrease

For example, when a metal reacts if it isn't sealed. But in reality, the mass of the

with coygen in an unsealed container, metal mdde and the carbon dimdde produced will equal

the mase of the condaiher increases. the mass of the melsl carbonate that decomposed.

The mass of the metal oxide produced metal carbonate,, — metal oxide,, + carbon diowidey,

equals the total mass of the metsl and
the owygen that reacted from the air.

! ||~||1||u||||u1u1|l.|nru|Iullllnll'lllllr_;
\“”F;:;;;bl:ﬁum the partick model on page 1200 that a gas wil =
cxpand ta il any contaimer it's in, 5o if the reschion vemel Gt sealed, —

the gas expands. eut from the wessel, and escapes mbo the air around, i
"_-"1|||||.||l|||l|IJ|I|rluI|||r||.I|.I1H||-Ilf|“|I'Illllllll'lhll'l-

viid e

metal,; + omygen;, — metal oxide,

Show that mass is conserved in the reaction: H,50,,,, + 2NaOHpy, — NaS0,,, + 2H,0,, Q1 ¥id
A[H) = 1, 4[O) - 16, 4{Na} = 23, 4(S) - 32 [S marks]
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The Mole and Equations

Thiz iz the moment where the "number of moles = mass + M equation from pege 124 comes info s own

You Can Use Moles to Calculate Masses in Reactions '
Remember those balanced equations back on page 997 Well, the big numbers

Mulfn

in front of the chemical formulas of the reactants and products tell you = you how many gt o 5
how many moles of each substance takes part or is formed during the reaction. = 9% dement pherp 4 ;0 =

. =, mach of the =
FCI'M“PI'B- M&'I+mﬂ_}uﬂaﬂiﬂ+ﬂﬂﬂ fiflr.l|u||.|””|””x

In this reaction, | mole of magnesium and 2 moles of hydrochloric acid react
together fo form | mole of magnesium chloride and | mole of hydrogen gas.

" You Can Balance Equations Using Reacting Masses

If you know the masses of the reactants and products that took part in a reaction, you can
work out the balanced symbol equation for the resction. Here are the cteps you should take:
1) Divide the mass of each substance by Hs relafive wila mess to find the pumber of moles.
2} Divide the number of moles of each substance by the smallest number of moles in the reaction.
3} W any of the numbers sren't whole numbers, muliply sl the umbers

by the same smount so that they all become whole humbers.

4) Write the balanced stypmbol equation for the reaction by puthing
these numbers in front of the chemical formulas.

-Ex;m“l‘
_ B g of zinc oxide (ZnD) reacts completely with 0.60 g of carbon to form 2.2 g of
carbon dioxide and 65 g of zinc  VWrite a balanced symbol equation for this reaction
A(C) =12, A(O) = 16, A(Zn) = 65.
1) Work out M, for each of the substances in the reaction:
Znx: 65 + 16 =81 12 CO: 12 + (2 «16) = 44 In: 65

2} Divide the mass of each substance by its M, to calculate how
many moles of each substance reacted or were produced:

zno: &1 = 010 mol & %’%’—D— = 6.050 mol
COy ﬁ 0.050 mol I 55 =010
3) Divide by the smallest number of moles, which is ©.050: These numbers give the
o10 0.050 'ralinuflhemmt_mhuf
InG: o oeg = 20 C: 0'950 10 = each substance in the
reacton equation.

The numbers are all whale numbers, so you can write out the balanced symbol equation straight away:

4
2Zn0O + € — CO, + 2Zn

Where do moles live? Edinburrow...
The calculations on this page have lots of steps, so the best way to learn how to do them is by practising.

tfﬁ

Luckily, here are some questions to gzt you started. Don’t say | don’t spoil you. Better get cracking. ..
o 84 p of M, reacts completely with 18 g of H,, to produce 102 g of NH,.

M) = 28, M{H;) = 2, M{NH;) = 17.
a) Calculate how many moles of each substance reacted or was produced. [3 marks]
b} Use your answer to part a) to write a balanced symbol equation for this reaction. [2 marks)
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Limiting Reactants

Rnﬂdiomdm'fﬂunnhm—gﬂunnﬂdgiuﬁhﬂmmnﬁmﬂmkiha{mnmﬂ Ifmmrannim-rigah:

Reactions 5top When One Reactant is Used Up

When some maghesium carbonate {MgCO0;) ks placed info a beaker of hudrochloric acid, 1|='|
you cah tell a reaction e taking place because you see lols of bubbles of gas being given off. £
After a while, the amount of fizzing slows down and the reaction evenfually stops... @

1) The reaction stops when all of che of the reactants ks used up. Any other reactants are in
gxcess. They're usually added in excess to make surg that the other reactant ks used up.

2} The reactant that's used up in a reaction is called the limiting reactant
(because H Bmifs the amount of product that's formed).

3) The amount of product formed i directly proporfional to the amount of limiing reactant.
For exxample, i you halve the amount of limiting reactant the amount of produet formed
will alzo halve. If you double the amount of limiting reactant the amount of product will
double (as long as it ks ffll the limifing reactant).

4} This iz because if you add more reactant there will be more reactant particles
to take part in the reaction, which meahs more product parficles.

The Amount of Product Depends on the Limiting Reactant
You can calculate the mass of & product formed in a reaction by using the 1J..-.,..., N

mage of the limiing reactand and the balanced reaction equation. = Vous coutd ali uee :;;;Tm; e

find the mass of 4 reackant pesded fg =

1) Write out the balanced sgquation. :-,, .?f’,“:: “‘"-:vrm of a produg. =
FEripyr

RIS

Q) Work oul relstive formuls masces (M) of the reactant and produet you want.
8) Find out how teany moles there are of the substance you krow the mass of.

4} Use the balanced equation o work out how mary moles there'll be of the oitier substance.
I thiz case, that's how many moles of pmdur-i' will be made of this many moles of reaciard.

Calculate the mass of aluminium oxide formed when 135 g of aluminium is bumned in air.

1} White out the balanced squation: 481+ 30, — 2ALO,
2} Caleulate the relative formula masses: AT ALO: 2 =27+ (3 x16) =102
3) alculate the number of moles of alurminium in 135 g:. Moles = % = % s, h"mh;sﬁ:‘d::;f
4} Look at the ratic of moles in the equation: 4 moles of Al react to produce 2 moles of ALCH
: — half the number of moles are produced.
IF the question asked for th
mh,q:;mdn oF Mﬂi;n So 5 moles of Al will react to produce

aoxide formed, you'd stop here. 25 maoles UFN?DJ
5} Calculate the mass'of 25 mols of aluminium oxide. mass = moles » M =25 « 102 =255 g

‘A Rush of Mud to the Head' — my favourite album by Moldplay...
I"ve said it before, I'll say it again — practice makes perfect. So before you get distracted by
a cute picture of a kitten, or wander off to have a cup of tea. have a go at the question below.
Q1 The balanced equation for the reaction between chlorine and potassium bromide is:
Cl + 2KBr — Br, + 2Kl
Calculate the mass of potassium chloride produced when 23.8 g of potassium bromide
reacts in an excess of chlorine. 4 (K} = 39, A{Br) - 80, 4(Cl) - 35.5. [4 marks]
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Concentrations of Solutions

| can't promise that this page has all the anowers o life, but there are quite a lot of solulicns, Time to
discover how you can work out the mass of a solute in 8 solution. Held onio your hats and concentrate...

Concentration is a Measure of How Crowded Things Are

1) Lotz of reacticne in chemistry fake place between substances that sre dissolved
in a solution. The smount of a substance (e.g. the mass or the number of
moles) in a cerfain volume of a solufion is called He concenirafion.

2) The more solute (the substance that's dissolved) there s ina
given volume, the more concentrated the solufion.

' Concentration can be hfeasu:red in g/dm?® !

1) One way to meassure the eoncentration of a solution is by calculating the mass of a substance

in & given yolume of solution. The units will be units of mass/units of volume.
Hare's how to calculate the concentration of a solution in g/dm®:

in g
rats mass of solute
in gfdm’ volume of solvend SN

1) What's the concentration in gfdm? of a solution of sodium chloride
where 30 g of sodium chloride is dissolved in O2 dm® of water? Sy,

30 . = 1dm’ = 1600 g =
mn:mﬁaﬁmn—ﬁ—ﬁﬂ g/ dm’ ”'-"'Illrirlunirc..r?”{

2) What's the concentration, in g/dm’, of a solution with 15 g of salt in 500 em™
»  Convert the volume to dm’ by dividing by 1000 500 cm? + 1000 =05 dm?
»  Mow you've got the mass and the volume in the i
right units, just stick them in the formula: Concentration = 5% = 30 gldm’®

2) You can resrrange the equation sbove o find the mass of solufe in & given volume of solution i you
know its concentration. Here's a handy formula triangle to help with rearranging the equation:

LE
Whatmufaaﬂtwnuldruu need to dissolve in 040 dm® of

water to make a solution with a concentration of 24 g/dm™

»  Use the formula triangle to rearrange the
equation to make mass the subject:

+  Use this equation to calculate the mass mass = 24 » 040 =96
A A T TR TN R N E VAR AR R AR ARR ERRY
= Remember - all measurements have some uncertainty to them. For repeated meamurements,
: you can calculate the average {meeam] amid also the range uF_fnlur resalts (see p.'lgrﬁ! The
= range can be used o gee you an idea of how uncertain the mean value is {see page 10
LN IR L N R RN R R T A AR RN TR R NP LR R LTF I D UE L S RLR Y

mass = concentration = wolume

(I'-Illl'.\\‘

CGP Revision Guides — not from concentrate...
Learning that formula could be a useful way to spend a few minutes. As could eating a biscuit. Why not
kill two birds with one stone and write out the formula with one hand whilst holding a digestive in the other?

Q1 Calculate the concentration, in g/dm’, of a solution
that containz 0.6 g of salt in 15 em® of solvent. [2 marks]

Topic C3 — Quantitative Chemisiry
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Acids and Bases

Testing the pH of a solution means using an indicator — and that means pretty oo oups...

The pH Scale Goes From 0 to 14 |

1} The pH scale is 8 measure of how acidic or alkaline a solufion k.

2} The lower the pH of a solufion, the more acidic H is.
The higher the pH of a solufion, the more alkaline i is.

3} A neufral substance (e.g. pure water] has pH 7.

pHO 1 2 3 4 5 6 7 8 9 10 1 12 13 14

M

ACIDS ol A 18 5
Tt 17 mma 11 & A

pure waker parcreatic pace soap powder :
stomach acd lemon pace marmnal fain washing g liguad fdrain dearer]

You Can Measure the pH of a Solution
1) An indiesior is 8 dye that changss colour depending on whether 's shove or below o cerfain pH.

broad range of pH. Theze are called wide range indicators and they're useful for ectimating the
pH of a solution. For example, universal indicator gives the colours shown above.

2) ﬁgﬂ_gr_m_:ﬁanﬂnd’mdfnngi@mﬂhuﬂhmmumpﬂg@mﬂ@u.’\
The probe = placed in the solution you are measuring and the pH is given ona
digital display as 8 numerical velus, mieaning H's more accurate than an indicator.

T

Acids and Bases Neutralise Each Other

1} An acid is a substance thet forme aguecus solutions with a pH of less than 7.
Acids form H' fons in water.

2) A base is a substance with a pH greater than 7.

3) An glkali iz a bage that dissolves in water fo form a solution
with a pH greater than 7. Alkalis form OH ™ jons in water.

The reaction between acids and bases iz called neutralization:

Neutralisation between acids and alkalis can be zeen in terms of H* and OH- ons like fhis:

bunu|l.rll|.ul|-|l||||||.||J||I-rlll1t:-I

_M — = Nk with h e —
= OH = Hydrogen (H*) iors react el :
. i {=a] H!ﬂ i - (OH™) fans to produce sater. =

TR TR L L L L AR NI ARARERR

When an achd neutralizes a base (or vice verza), the products are newdral, f.e. they have a pH of 7.
An indicator can be used to show that a neufralisation resction iz over.

This page should have all bases covered...
pHew, you finished the page... This stuff isn’t too bad really, and pH is worth knowing about — its important to
the chemistry in our bodies. For example, here’s an interesting(ish) fact — your skin is slightly acidic (pH 5.5).
1 A student uses universal indicator to test the pH of some lemon juice.

What colour would you expect the indicator to turn? [1 mark]

2  The pH of an unknown solution is found to be 8. Is the solution acidic or alkaline? [1 mark]
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Strong Acids and Weak Acids

| Bke sirong acids, and | aleo ke weak scids. But which is beHer? There's only one way o find out...

Acids Produce Protons in Water |
The thing about acids is that they jonize in aqueous solufion — they produee fudrogen fons, HY.

For I i PPALIRRTRRI IR,
SR TRE LRI HO — H' +CF :":'I::;I;;;i;:d:alri’lth;r:rht:cehdrngenmrﬁ%
= An M ion = just & Ff:{r:-.l: H”Da —+ H* -[—H{}a' = u.-ﬂ,il;hgr meel water. G0, for example, =
E TR EAR = chlonde gas isrit acdic. =

'fun.-u.uunnl.lnl|!-J|I|IIII1II\

Acids Can be Strong or Weak

1) Sirong scids (e.g. sulfure, hydrochloric and nitric scids) jonise completely in water.

2)

3)

4)

Al acid particles diszociate fo release H' lone.

Weak aecids (e.g. ethanoie, ciric and carbonic acids) do_not fully jonise in solution.
Only a small proportion of ackd particles dissociate fo release H' hone.

RN RN

The ionisation of a weak acid iz a reversible reaction, which sets up an equilibsum 2 Fﬂt;:;;i:n .
between the undissociated and dissociated acid. Z tumto pidl. =

A

TR RRET RN N L

Since ordy a few of the acid parficles release H' 8trong scid: HOI — H* + CF
ions, the position of equilibrium lies well to the lefl.  Waak acid: CH,C00H == H* + CH,CO0-
Reactions of acids involve the H' fons reacting with

ofher substances. I the concentration of H' lons s higher, the rate of reaction will be faster,

so strong acids will be more reactive than wealk acids of the same concentrafion.

pH is a Measure of the Concentration of -H]rd:rogen Ions

1)
2)

3)

The pH of an acid or alkali is a measure of the concendration of H lons in the solufion.

For every decreaze of 1 on the pH scale, the concentration of H* fons increaces by a factor of 10,

8o, an acid that has a pH of 4 has 10 fines the eoncentration of HY jons of an ackd that hes a pH of 5.
For a decrease of 2 on the pH sesle, the concentration of HY lone Increaszes by a factor of (00,

The general rule for this is: X is the difference in pH

Factor H' ion concentration changes by = 107 [EEELRCEEUNACRE L
difference s —3, and the factor

8o the pH of a sirong acid is always lez: than the pH the H' jon concentration has
of a wesker acid if they have the same concentration. increased by is 109 = 104

Don’t Confuse Strong Acids with Concentrated Acids

D)
2)
3)

4)
5)

Weak acid or strong acid? I know which goes best with chips...

Acids are acidic because of H' ions. And strong acids are strong because they let go of all their H' ions
at the drop of a hat._. Well, at the drop of a drop of water.

Q1
Q2

Ackd strength (i.e. strong or weak) tells gou what proportion of the acid molecules konise in water.
The conhcentration of an acid ic different. Concentration measures
how much acid there is in a certain volume of water.
Concenfration iz basically how watered down your acd is.

The larger the amount of acid there is in a cerfain volume ﬂ:‘":l”“hmt‘”“'“‘“”"‘d““
of liquid, the more concendrated the acid is. i |¥u‘ﬁ':1r?f: r?.?]: ?W.T.ﬁl],..-.
80 you can have a diluis (not very concentrated) but sirong ackd, or a concentrated but weak scid.
pH will decrease with increasing acid concentration regardless of whether #'s a strong or weak acid.

1'|I'|II||rlIIIIi'ulr1||]|.|||||”||”,
Concentration describes the total number of =
destobeed atid molecules — nol ‘the mumder

IRERAREAY P

“rranig

MName a strong acid. [1 mark]
A student added strong acid to a weakly acidic solution of pH 6. The pH of the new solution
was found to be pH 3. By how many times did the concentration of H' increase? [ mark]
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Reactions of Acids

Retrember neutralisation from page 1207 Well, there's more stuff on peutralisation reaclions coming up...

Metal Oxides and Metal Hydroxides are Bases

I} Some metal oxides and metal hydroxides dissolve in water. Thnm soluble compounds are alkalis.
As you saw on page 129, alkalis react with acids in neuiralization reactions.

2) Ewen bazes that won't dissolve in water will sfill fake part in neutralisation reactions with acids.

3] 8o, all metal mddes and metal hydrosddes react with acids to form a salt and water.

Acid + Metal Oxide — Salt + Water | Acid + Metal Hydroxide — Salt + Water

Mnﬂﬂmfumﬁmnddandﬂupmhgﬂﬂudh@ﬂmhhmﬁmw

hydrochiode acid + coppor oxdde ¥ copper chlorde +
QHCI + Cul — Cull, + Hﬂﬂl
sulfuric aeid + potasgium hydroxide —  polassiom sulfate  + water
H,80, + JEDH - K80, + IH.0
hitric acid ¥ sodium hydrodde — soditn hHrate + water
HNOD, + N=0H — NaliO, + H.0
STAETRETN ARy BRIV RT P BN RV R TR P VTR g PR ST g RN A LT g h e

— T work out the formuda of an ionic compound, you need to balance the dharges of the postre and =
Ca M'yh\!‘m S-D“'llmra" I'."I-I'QE dﬂ mmrﬂl‘ﬂll‘rﬂ. me!m mmlﬂ.m I!‘ H

':"l”|l|IIH'IHI.I'III'HI“|.I|.IIHI'Ijl1||!||'Ir|r|I:IIiIII|J|IIII|IF“'|I|IIJrilpI|.Ii"-"'

~ Acids and Metal Carbonates Produce Carbon Dioxide
Metal carbonates are also bases. They react with acids 4o produce a sall, water and carbon dioxdde.

Acid + Metal Carbonate — 8alt + Water + Carbon Dioxide

hydrochlore acid +  sodium carbonate — sodivm chlordde + water + carbon dioxide
ZHC + Na, 0O, — 2N=ll + HOD + co,
sulfuric acid 4+ calcium carbonate calclum sulfste + waler 4+ carbon dioxide
HoB0, + Cal0, - CaB0, + HO + 0,
You can Make Scoluble 5alts Using an Insoluble Base
1} You need to pick the right scid and inecluble base, such as an inscluble metal oxide,
hydroxide, or carbonate. E.g. if you want to make copper chiorde, you could mix i
hydrochiorie acld and ide. = fou could abo react
. . MR E‘Uﬂ[ + m-I'.'ﬁllmtu_'\"' c!'lcl! {ong) + H'Eﬂ n - the acid with a metal. =
g

ALV E AT

2) Gently warm the dilute acid uging 8 Bunsen burner, then turn off the Bunzen burner.
3) Add the nsoluble base to the acid a bit at a fime, until ho more reacts (f.e. the base

iz in gxcess). You'll know when sll the scid has been neufraliced because, A 1
even after sfirring, the excess solid will just sink to the bottom of the flask. fifar papor
4) Then filter out the excess solid fo get the salt solution (zee p.101). ‘\;‘j_l_'.-._J

) To get pure, solid erystals of the salt, gently heat the solution using a water bath, oo fumnel—_¢
or an electric heater to evaporate some of the water (to make # more concentrated)
and then stop heating i and leave the solution fo cool. Crystals of the salt should form,
which can be filtered out of the solulion and then dried. This is called ceystallisation (p.101).

BEHHHHH so many reactions...
In the exam you could get asked to describe how you would go about meaking a pure, dry sample
of a given soluble salt. Make sure you understand the method and what reactants to use.

(8] Calcium carbonate is added to hydrochloric acid
Write the word equation and the balanced symbol equation for the reaction that occurs.  [3 marks]
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The Reactivity Series

You can place meials i order of reactivify. This can be a lot more useful than i sounds, promice.

The Reactivity Series — How Well a Metal Reacts S e i Rrhagin 2
1) Thﬂtmﬁ!ﬂu_mﬂmm;::lﬁhmﬂfﬂw The Resctivity Qeries ?TRT,TJJJTHZ”Z
m—"‘n‘i"hm M. A = reactiiby series. =
hhm‘ K OHIIIIJJT{IHI'IHF"'\\
2) For metals, their reactivity is determined by how sasily Sodium
they lose electrone — forming poshive jions. The higher Lithiumn L y Reactive
up the reactivity seres 8 metal iz, the more easily they Calcium
form positive jons. Mnmgﬂulaﬂ-nﬂﬁuliﬂh-—}-“m Mg '
3) When metals react with water or acid, they lose slectrons Carbon (] PH'H-’J Reactive
and form posiive iong. 8o, fhe higher a metal is in the Zine
reactivity sertes, the more easily i reacts with water or acid. Iron
4) I you compars the relative reactivity of different Hydrogen H -FanmuRamﬂw
metals with either an acid or water and put them Copper Cu

in order from most reactive to the least reactive,
the order you get k= the reactivity serbes.

How Metals React With Acids Tells You About Their Reactivity

Bome metals react with acids fo
1) The =peed of reaction is indicated by the rofe at which the bubbles of hydrogen are given off.

2} The more reactive the metal, the fasier the reaction will go. Very reacfive metals like potassium,
sodium, lihium and calcium reasct explosively, but less reactive metals such as magnesium,
zine and iron react less violendly. In general, copper won't react with cold, dilute acids.

) - B e S e e LA e
PMlagresium reacts vigorouty | with diute acids but more strongly {= forem chloride salts, =
with ol dilwte acids sudh thern | =
if you heat up |~ HSOmatsto =
1 mHwaHEDWand i: FDT‘:'H![I'H.!HJ-B o
Dilute produces kaads of bublies. Diute Dilute T
Acid Acid Acd | LF
Magnesium Zine lron
Mgy, + ZHC, > Mgl + Hay Znyg + 2HCh,, — InClyg + Hyy Feyg+ 2HCly, —3 FeCly, + Hyy
Mgy + H504 —» M5O + Hoy Ty + HSOu = ZiS0 + Hyy  Fey+ HS0, > FeSO, + Hyy

3) You can also investigate the reactivity of metals by measuring the fermperaiure chanpe of the reaction
with an acid or water over a set time paeriod. If you use the seme mass and surfsce ares of metal
each fime, theh the more resciive the metal, the greater the femperature change should be.

‘Metals Also React with Water SR

= Wou can ser mare on the reactions of -

Eﬂmmﬁmdm&lﬂuwﬂhw&mdmﬂmhmﬁhﬂgn{nﬁﬂlm G""“P‘mef-ilsm&-whron E”DB_

|||||“||||||'||P'|=“|||||
Metal + Water > Metal Hydroxide + Hydrogen 1

For example, calcium: nﬂl,up it m"zﬂ'[q — ﬂﬂlnquq + H!m
1) The metals potassivm, sodium, hicm and celoium will all react with water.
2} Less reactive metals lke zing, iron and copper won't react with water.

IAM NOT HIGHLY REACTIVE — OK...
See, experiments aren’t just for fin — they can prve you an msight into the relative reactivities of efements. | [5ESH
Ql Give the balanced equation, including state symbols, for the reaction of sodium and water. [3 marks] RS
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Separating Metals from Metal Oxides

Most metals are not found in the earth as pure lumps. Inetead, you have fo sxiract them from a
compound meaning more work i required. Thanks for nothing nature...

Metals Often Have to be Separated from their Oxides

I} Lofe of common metals, like iron and aluminium, react with oxygen fo form oxides. This process is an
example of gxidation. These oxides are offen the ores that the metals heed to be exfracted from.

2) A reaction that separates a metal from He oxdde iz called a reduction reaction.

Alp RPN R B g R
= Anoreis a type of rock that =
FORMATION OF METAL ORE: EXTRACTION OF METAL: = . contains metal compounds =
AL R g
Oxidation = Gain of Oxygen Reduction = Loss of Omjgen
E.g. magnesium is oxidised fo E.g. copper oxide is
make maghesium oxide. reduced to copper.
2Mg + 0, — 2Mg0 20u0 + € — 2Cu + €O,

Some Metals can be Extracted by Reduction with Carbon

1} Some metals can be sxtracted from their ores chemically by reduction using carbon.
2) In thiz reaction, the ore iz reduced as conygen is removed from H,
and carbon gaing oxygen o is oxidised. For example...

2Fe,0, + 3C — 4Fe  + 3C0,
won(lll) ;dde + carbon — irorn + carbon dicxdde

3) The position of the mefal in the peactivily seres determines
whether H can be extracted by reduction with carbon.

=  Meatals higher than carbon in the reactivity
seriss have to be extracted using electrolysis
|p.135), which s expensive. g

+  Meials bedow carbon in the reactivity ceres acirol
can be exfracted by reduction using carbon. eleotrolusis.
For example, ircn oxide is reduced in a

Extracted

blast furnace fo make iron.
+ This is because carbon can only take the Extracted
oougen away from metals which are less by reduction
roacfive than carbon Hoelf is. using carbon.
s AERR TR LRI FR LT TERTRT LN Py,
Bome metals are so upreactive they are in the earth as the metal Hself. = Make sre you can explain =
For example, pold is mined as e elemental form. = how and why different metals =

= are extracted in different ways _:
LIRS RRE ARE SR ANARN I

Are you going to revise this page, ore what?

Matals are preat aren’t they? Loads of uses. Shame extracting them’s not always cheap. Make sure you
know the difference between reduction and oxidation and why carbon can be used to extract some metals - e
but not others. =i

Q1 Write a balanced equation for the reduction of lead oxide, PbO, by carbon, C. [2 marks]
Q2 A mining company tried to extract caleium from its ore by reduction with carbon.
The process did not work. Explain why. [1 mark]

Topic C4 — Chemical Changes



In chemistry, oxidation dossn't just mean gain of oxygen. No, that would be far too easy.

If Electrons are Transferred, It's a Redox Reaction |

1) lh:idaﬂunmnn—uumfhuadcﬂ-honu[mg@{mamnﬁmuﬂhﬂ} u-rdraducﬂnnnmba

the ramoval of maygen, but on this page we're looking at ouddation and reduction in terms of elecirons.
2) A loss of electrons is called oxidafion. A gain of electrons is called reduction. A handy way

1o remember this is by the mhemonic OIL RIG — Oxidation ls Loss, Reduction |s Gain.
3) REDuction and OXidation happen gt the same fime — hence the term "REDOX™.

+ |ron stoms are oxidised to Fe?t lohs when they react with dilute acid: Fe + 2H'— Fe® + H,

»  The iron atoms lose dlectrons. They're cxidised by the hydrogen ions: Fe — 2a- —» Fe?*

*  The hudrogen one gain electrons. They're reduced by the iron atoms: 2H® + 28—+ H,

AT rI v e grna i ena Fly
E— R = Mmﬂ.n:buns-nfmdﬂlsm\dlmb- =

Displacement Reactions are Redox ileactions o 150 e pehe oo

&1 “HHHIHII””HIH“Hf‘

!} Displacament reactions involve one mel kicking Y T
another one out of a compound. Here's the rule: LERG REACTIVE B i
2) W you put a reactive metal into the solufion of a

dizsolved metal compound, the reactive metal will replace the less
reactive metal in the compound (see the reactivily serles on p.32).

If you put iron in a solufion of copper aulfate (Cu80,) the more reactive iron will "kick oul' the
less reactive copper from the colution. You end up with ron sulfele solution (FeB0,) and coppesr metal.
fron + copper sulfate — iron sulfale + copper
Fo,, +CuBO., - FeBO, .+ =
I this reaction the ron loces 2 electrons o become 8 24+ jon — e ooddized.
The copper on pains these 2 electrons fo become a copper atom — H's reduced.

R
3} In dizplacement reactions, s slways the metal ion that gains electrons and is
reduced, The metal stom slways loses electrons and is cxidized.

4} In the exam you could be agked to write word or symbel equations
to show displacement reactions.

Ionic Equations Show Just the Useful Bits of Reactions

1} In an ionie equation the particles that react + "

; mdmihe products iha‘;;n:’dmnnmnl'ﬂm:. mempln: Mew + 2" g = Mgy + Zny

2) This just shows the displacement of zinc fons by magnesium metal.
Here's what the full equation of the above reaction would be if you'd started off with zine chloride:

Mg, + ZnClay — MgClaysy + 20y,

3 W write out the equations

) aﬂﬁm?:“m*ﬁn;q:mmmmi;mm Mig + Zn®' g + 20y — Mg™ oy + 20huy + Znyy
don’f change in the reaction — they're spectator jons. They're of ho inferest here so can be crossed outf.

4} Instead, the ionic equation for this displacement reaction just concentrates
on the substances which are cxidiced or reduced.

REDOX — great for bubble baths. Oh no, wait..

lonic equations are hugely important in chemistry. Better practice until you can do them in your sleep.

01 The equation for the reaction of zinc and iron sulfate is: Znyg, + FeS0y,, —ZnS0,,, + Fey,
a) Write an ionic equation for the reaction. [1 mrark]
b) State which species is being reduced and which is being oxidized. [2 marks]
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Electrolysis uses an elecirical curpent fo cause a reacfion. I's actually prety cool. No, really...

El
n

2)

3] The negative ions in the electrolyte will move towards the

4)
5)
El
n

ectrolysis Means ‘Splitting Up with Electricity’

During electrolysiz, an electric currend i passed through an electrolyte |a molfen or dissolved jonic
compound). The lohs move fowerds the dectrodes, where they react, and the compound decomposes.

Thﬂ !i v ih'"m I i Iw“u i IB'I'hB‘ i bbb et ity

An electrolyte s just a liguid or solubon =
cathode [-ve eectrode) and gain electrons (they are reduced). that can conduct electricity. An dectrade =

is a sokd that conducts electricity and 5 =

(R RN I’.-‘

anode {+ve electrode) and lose electrons (they are oxidised). B T b b I L

MMsﬂmﬂimmmhﬁmILﬂnsﬂm#mdmﬂmdm

As jone gain or lose elecirons, they form the uncharged element and are discharged from the elecirolyte.
ectrolysis of Molten Ionic Solids Forms Elements = .f'" i i

An onic solid can'f be electrolysed because = imert so they donft react —

the iohs are in fixed positions and can't move. _,,“:‘:'f"lﬂﬂ:mmp

2) Muolten jonic compounds can be electrolysed becsuse the jons ecan move freely and conduct electricHy.
3) Molten ionic liquids, e.g. lead bromide, are always broken up into their elements.

4) PosHive metal ions are reduced to the element at the cathode:

_’..HZF"+QB'—} Ph

5] Negative non-metal lons are oxidised fo the element at the Gnode: s————— 00— Br, + Jo

Faster shopping at the supermarket — use Electrolleys...
It might be jolly useful for your exams to leamn the products of electrolysiz of molten lead bromide...

1

Metals can be Extracted From Their Ores Using Electrolysis |

If a metal is foo reactive to be reduced with carbon (page 133) or reacts with carbon, then electrolysis
can be used to extract it. Extracting metals via thiz method is very expensive as lots of energy &
required to melt the ore and produce the required current.

1) Aluminium iz extracted from the ore bawdte by slectrolysis. Bandte containe sluminium oxide, AlLO..

2) Aluminium codde has a very high melfing temperature |é.;u;:‘|;|'!|;nr‘:u:l:':;;a
g0 it's mixed with cryolife fo lower the melfing poind.

compaurd with a Jower meling
3) The molten mixiure containe free lons — so W1l conduct electriciiy.

-P-u.ml.lhm.a-h.unmnn oxide.
r‘r||||11lI'|II1rJ|'I-II'|I-'||I-IIII
4] The positive A" jons are atiracted to the negafive elecirode where they
and turn info neutral aluminium sfoms. These then sink to the bottom of the electrolysis tank.

5} The negative - lons are affracted to the posifive electrode where they each lose fwo electrons.
The neutral oxygen atoms will then combine o form 0, molecules.

LIRS

TR

e power mupply
At the negative electrode: i : ol At the positive olectrode:
Reduchion — a gain of electrons  ppative ] positive Chadation — a loms of dectrons
=5 =

Mietals form Esil:'n-: inn.g, =0 H"ujr'r: Nm-wh form EM' N, S 'Hﬁ:r'r:
attracted to the pegative electrode. attracted to the pesitve electrode.

Llrygan is produced at the

1%
The ancde is made of carbon and
needs to be replaced regularly as

i‘tm:hm-ﬂ'lnogrgﬂttnpmdum
carbon dioxide.

Alurniniven & produced ab the
nsgaiie sloctrods

Overall Equation: aluminium mdde — aluminium + oxygen
ﬂﬁl,ﬂaﬁ -3 mm + 309”

A student carries out electrolysis on molten calcium chloride. 'What is produced at:
a) the anode? b} the cathode? [2 marks]
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Electrolysis of Aqueous Solutions

When you electrolyse an aqueous solution, you also have to factor in fhe jons in the water.

It'Ma'gr be Easier to Discharge Ions from Water than the Sclute

1) In aguepus solutions, as well as the lons from the lonic compound, there will be
hydrogen kons (H*) and hydroxide ione (OH) from the water: HyDy == H" oy + OH
2) At the cathode, if H' jong and metal ions are present, huydrogen pac will be produced
if the metal ione form an elemental medal that s more reactive than hydrogen
|e.g. sodium iohs). If the metal lohs form ah elemental metal that ks less resctive than
hydrogen {e.g. copper iong), a solid layer of the pure metal will be produced instead.
3} At the anode, i OH- and halide jone (010, Br, |7} are present, molecules
of chlorne, bromine or iodine will be formed. I no halide ions are present,
then the OH- lons are discharged and congen will be formed.

A solution of copper(ll) sulfate {Cu confains do.
four different iong: Cu?, E'B..“'.{H*ﬁ{ﬂ-l'. e ) S
= Copper metal is less reactive than hydrogen. 8o af the
cathode, copper metal k= produced and coats the electrode.
Cu®* + 2o — Cu
*+ There aren't any halide ions present. 8o af the anode oxygen  Leverof
and water are produced. The oxygen can be seen as bubbles. e b
40H — 0, + 2H0 + 4o

de.power supply A solution of sodium chloride (NaCl) contains :j“l s IG;.:.: Idllrl.n:h:r:gl e
g [+um) four differerd ioneg: Nat, O, OH- and H*. = apparatus for an electrobpas

- L_ experiment, remember ko
mmmmmmmw.: SR e
Bo af the cathode, hydrogen gac s produced. = - 0 e i anade

PRTE LRI L N

OH* + 2o > H, — and the cathode. The anode

= is the dectrode on the same

= Chioride ions are present in the solulion. = oy .. i longer fine of the

i m i;u‘ . T;"” 'ﬁ.‘m: ln:l?:?ﬁ:kﬁl s

You can get up an electrolysis pxperiment in the [ab ke the set-up on page 2386. P“"CTIGAL

Once the experiment is finished you can fest any gaseocus producis fo work out whatf was produced.

= Chlorine bleaches damp lHmus paper, furning it white. LRI EL LRI ELERTYY LG
*  Hydrogen makes a “squsaky pop”™ with a fighied splint. EJLT":::;EEE
= Onoeygen will refight a glowing splind. FURARIL I LU LRI

' The Half Equaﬁons — Make Sure the Electrons Balance

Haif equations show fhe reacfions af the elactrodes. The important thing fo remember when
you're combining half equations is that the number of elecirons reeds to be the same for each

half equation. For the electrolysic of aguecus sodium chloride the half equations are: AL
Megative Hectrode: 2H* + 2o — Hy ,,:;;:?::I;:J::::_:

Posifive Electrode: 20+ — €, + 2o o 20F — 26 — O pulance, 0 they can be

These combine to form the lonic equation: 2H* + 20+ - H, + CL, cancelled out in the full - =
tonic equation. -

When a halide jzn't present in the aqueous solution, the half equation for the anods js: I
ADH —= 0, + 2H0 + 40 or ADH -4e - 0, + 2HO

I wrote a poem about my tabby — it was a cat ode...
So it kinda confusing this electrolysis malarkey — you need to take it slow and make sure you pet it.

ol An aqueous solution of copper bromide, CuBr,. is electrolysed using nert electrodes. o 'm.n
State what is produced at: ~ a) the anode, b} the cathode. [2 marks]

Topic C4 — Chemical Changes
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Revision Questions for Topics C3 & C4

That wraps up Jopic C4. Now find out how well you know Jopics £ and £4.  M'p1Utn b vy

= Try these questions and fick off esch one when you gei it Fight. = Febieval Cuirzes for Topies C3
+ When uﬂ,"'m CO E!Etﬂ‘!l hagm with & Bl.fh—iﬂpk!. fick # off. = and C4 —— just zcan the (IR codes!

ST E L R IR R R e

[CARTRIAS

Moles and Equations (p.123-127) [ |

1) How do you calculate the relative formula mass, M, of a substance?

2} Btate the value of the Avogadro constant.

3) What iz the formula that relates the number of moles of a substance to itz mass and M7
4) What does conservation of mass mean?

5) SBugpest why the mass of a reaction vessel might decrease during a reaction.

6) How can you determine the number of moles of sach substance that would
react together from the balaheed reaction equation?

7] Explain what is meant by the term limifing reactant’.

Concentrations of Solutions (p.128) D
8) What i= concentration?
9} Give the equation for working out the concentration of a solufion in g/dm.

Hcids and their Reactions (p.129-131) |:|
10) State whether the following pH values are acidic, alkaline or neutral.

a)9 b}2 7 d8
1} Give the general word equation for the reaction between an acid and a base.
12) What type of reagent could be used o show that an acid or baze has been completely neutralized?
13) What iz a strong acid?
14)] Write a balanced equation for the reaction between hydrochlorie acid and sodium carbonate.

(5 | N | | |

The Reactivity Series (p. 132) |_|

15) ls @inc more or less reacfive than iron?

16) What iz the general word equation for the reaction of a metal with an acid?
17} Give the balanced equation for the reaction of calcium with water.

Reduction and Oxidation (p.133-134) [ |

18) What product forme in the oxidation of maghesium by oxygen?

19) Explain how you decide whether a metal can be extracted from s cxdde by reduction with carbon.
20) In terms of electrons, give the definition of oxidation.

) In a displacement reaction, does the metal atom get reduced or oxidised?

Electrolysis (p.135-136) [ |

22) During electrolysis, which slectrode are the posifive jons atfracted 107

23) Why can lonic solids not undergo electrolysis?

24) Do jons get reduced or oxidised at the snode?

25) During the manufaciure of aluminium from bawndte, which electrode iz aluminium formed af?

28) In what sHuation will hydrogen gas be given out during
the electrolysis of an aqueous solution of an jonic solid?

27) If halide ione are present ih ah squeocus solution of ah iohic colid will oxygen gaz be released?

00 0000 0000 Ood 0ooood

Topic C4 — Chemical Changes
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Exothermic and Endothermic Reactions

Whenever chemical reactions occur, there are changes in snergy. This means that when chemicals get
together, things either hot up or cool right off. 1'll give you a heads up — this page k= a good "un.

Energy is Moved Around in Chemical Reactions

1) Chemicals store a certain amount of energy — and different chemicals sfore different amounts.
2) I the products of a reaction store more energy than the original reactants, then they must have taken in
the difference in energy between the products and reactants from the surrcundings during the reaction.
3} But if they store less, then the excess energy was trensferred to the surroundings during the reaction.
4) The overall amount of enorgy doesn't change. This iz because energy iz
congerved in reactions — # can't be created or destroyed, only moved around.
This means the amount of energy in the universe always stays the same.

In an Exothermic Reaction, Heat is Given Out

1) An EXOTHERMIC reschion iz one which fransfers energy fo the surroundings,
usually by heating. This is shown by a rize in temperature.

2) The best example of anh exothermic resction s burning fuels — alzo called
COMBUSTION. This gives out a lot of energy — i#'s very exothermic.

3) Meutralisation resctions (ecid + alkali) are sleo exothermic.

4] Many oxidation reactiohs are exothermic. For example, adding sodium to water
releases energy, so # must be exothermic — see page 108. The reaction relesses
energy and the sodium moves about on the surface of the water as it is oxidised.

5) Exothermic reactions have lots of everyday uses. For example:

*  Bome hand warmers use the exothermic oxkdetion of iron
in air (with a salt solution catalyst) fo release energy.

= Balf heafing cans of hof chocolate and coffee also rely on
exothermic resctions between chemicals in their bases.

In an Endothermic Reaction, Heat is Taken In

1) An IC reaction is ohe which takes in g ::*E;ﬁggrm = 2
ENDOTHERMIC enargy = i ' Ban =
surroundings. This iz shown by a fall in femperature. iy i "ma:.ﬂﬁ?:ﬁtf‘” s othermie =
2) Endothermic reactions are much less common than exothermic reactions, but they include: i
» The reaction between citric apid and sodium hydrogencarbonate.
*  Thermal decomposiion — e.g. heating cslcium esrbonate causes it fo

decompose into calcium oxide (aloo called quicklime) and carbon dioxide:

Calcium — 0g00, (+ HEAT) — €O, + €80 — Quicklime %{é&)

carbonate
3] Endothermic reactions also have everyday uses. For example:

Endothermic reactions are used in some sporis injury packs — the chemical reaction
allows the pack to become insfanthy cooler without having to put # in the freezer.

Right, so burning gives out heat — really...
Remember, “exo-"— exit, “-thermic™ — heat, so an excthermic reaction is one that gives out heat — and
endothermic means just the opposite. To make sure you really understand these terms, try this question.
Q1 A student prepares a flask containing ethanoic acid and measures its temperature as 22.5 °C.
She then adds dilute potassium hydroxide solution which is 21 °C. After 2 minutes the
temperature of the reaction mixture is 28.5 °C. Is the reaction exothermic or endotherme? [! mark]
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More Exothermic and Endothermic Reactions

Bometimes #'s hot enough fo just know if a reaction is endothermic or exothermic. You may aleo need fo
know how much energy is absorbed or released — you ean do experimends o find this out. Fun, fun, fun...

Energy Transfer can be Measured .'l PREC‘IE::E_ ]
__\_\_\_\_'__‘—\—-.rl

1) You can measure the amount of gnergy relessed by a chemical reaction (in solution) by
taking the femperafure of fhe reagents, mixing them in a polystyrene cup and measuring the
temnperature of the solution af the end of the reaction. Easy. '

. thermarneter lid

2) The biggest problem with energy measurements large braker
iz the amount of energy lost to the surroundings.

8) You can reduce it a bit by putting the polystyrene cup petysiyvens cup reaction
into & beaker of cotion wool fo give more insulation, and Frasbuire
putfing & fid on the cup to reduce energy lost by evaporation. )

4) This mefhod works for neuiralization reactions or reactions between T

metals and acids, or carbonates and acids.

E) You ean also use thiz methed fo investigate what effect different variables have on the amount of
energy transferred — e.g. the mazs or concendration of the reactands used.

8) Here's how you could fest the effect of goid concentration on the energy releazed in a
neuiralization reaction between hydrochloric acid (HCI) and sodium hydrosdde (NaOH):

1) Put 25 em?® of 0.25 mol/dm® of hydrochlorc acid and sodium hydroddde in separate beakors.

2) Place the beakers in a water bath set fo 25 °C undil they are both at the same femperaturae (25 °C).

3] Add the HCI followed by the NaOH to & polystyrens cup with a lid — as in the diagram above.

4) Take the temperaiure of the midure gvery 30 seconds, and record the highest temperature.

E) Repeat steps 1-4 using 0.5 mol/dm® and then 1 mol/dm?® of hydrochloric acid.

_'nllillllI||I'|r-|“|||1||||“|_,
= Reaclon profiles are =
Reaction Profiles Show Energy Changes 3; colled gk “’Lih?i‘;’:ﬁ:;“ =
l VLRl a g i i rnan ™
Reaction profiles are diagrams that show the relative energies of the reactants and products in a reaction,
and how ﬂ“!ﬂtﬂlﬂu g{g:;ggg over the course of the reaction. EXCTHERMIC
1) This shows ah exoihesmic reacfion — the products are at a e
lower enerpy than the reactants. The diference in heiphi i
represents the overall energy change in the reaction THeadare
(the energy given out) per mole.
Q) The initial rze n energy represents the energy needed fo Fradurts 2
start the reaction. This is the activation energy (E ). Progress of Reaction =

3} The activation energy is the minimum amount of energy the reactants need to collide with each ofher
and react. The greater the activation energy, the more energy needed to stad the resction — fhis
has to be supplied, e.g. by heating the reaction mixture.

"”l"liluru
EMDOTHERMIC 1R

> N
1} This shows an endothermic reaction because the ? o o a:;”""‘“:'" mengy
. i = cofisian th =
products are at & bigher enerpy than the reactants. ooy = on pages 1. 12‘? 3
2) The difference in height represents the overall o ben LAY TR TR L

energy change durtng the reaction (the energy Rpactants

Enerqgy transfer — make sure you take it all in... ﬁ

Don't get confused by these diagrams. In an exothermic reaction the particles release energy to their
surroundings — even though the reaction mixtore pets warmer, the particles themselves have lost energy.

Q1 Here is the equation for the combustion of methane in air: CH, +20,  — CO_ +2H0,

Diraw a rezction profile for this reaction. [3 marks]
Topic C8 — Energy Changes
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8o you know that chemical reactione can fake in or release energy — fhis page is about what causes these
energy changes. Hint — it's all fo do with meking and breaking chemicsl bonds.

:_'Hiuul.lj“““‘_

Energy Must Always be Supplied to Break Bonds = M; :‘::r;n z
1) During a chemical reaction, 3 and 5 ar ed. ':‘n i :J.h.':'ﬁer :ﬁ‘mé

2) Energy must be supplied fo break exigting bonds — so bond breaking s an endofhermic process.
3) Energy is released when new bonds are formed — so bond formation i an gxofhermic process.

BOND BREAKING — ENDOTHERMIC BOND FORMING — EXOTHERMIC
§P=>0+ @ @+9 — @0 =
gt ol oS e

4} In sxothermic reactione the energy relessed by forming bonds is greater
than the energy used to break them. In sndothermic reactions the energy
uzed o break bonds is greater than the energy released by forming them.

Bond Energy Calculations — Need to be Practised e

Every chemical bond has a particular bond energy associated with i, % <

This bond energy varies slightly depending on the compound the bond oceurs in. -M-Q"‘»‘ﬂ
You can use these known bond energies fo caleulate the overall energy change for a -
reaction. The overall energy change is the sum of the energies needed o break bonds ~ Bond farming

in the reactants minus the energy relesced when the new bonds are formed in the

products. You need to practice a few of these, but the basic idea i really very simple...

Using the bond energies given below, calculate the energy HeH o 0 —f] — H=0C
change for the reaction between H, and Cl, forming HCE 9 H—C1
The bond energies you need are H—H: +436 kl/mol;, CI-Cl +242 kl/fmeol; H—Ck +431 klfmol
1) Find the gnergy required to break the original bonds:
MxH-H} + (1= Cl-Cl) = 436 klfmol + 242 k}fmol = 678 k}/maol
2) Find the energy released by forming the new bonds.
ZxH-Cl = 2« 431 k}fmol = 862 kl/maol
3) Find the overall energy change for the reaction using this equation:

Cherall energy change = energy required to break bonds — energy released by forming bonds
=678 klfmal — 862 kl/mol = 184 k)fmol

You gan't compare the Chlorine and bromine react with hydrogen in a similar way. Br-Br bonds
overall energy changes of are wonker than G0l bonds and H-Br bonds are wesker than H—C1 bonds.
reactions unless you knoW g4, joos aoaroy i neaded fo bresk the bonds in the reaction with bromine,
the numerical differences in_J byt 1o energy is released when fhe new bonds form. 8o unless you know
the bond energles. the exact difference, you can't say which reaction releases more energy.

A student and their bed — a bond that can never be broken... :
This stuff might look hard at the moment, but with a bit of practice it's dead easy and it’ll win you easy E
mirks if you understand all the theory behind it. See how you get on with this question: 0 Video
Q1 N, reacts with H, in the following reaction: N, +3H, — 2NH, H-H i R =

The bond energies for these molecules are: RN ‘: j e o
N=N: 941 kl/mol; H-H: 436 kJ/mol; N-H: 391 kimol. . oW o
Calculate the overall energy change for this reaction. [3 marks]

Topic C5 — Energy Changes
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Revision Questions for Topic C5

Let's see how much you can remember — flick back i you get sfuck. S\‘I':;: LL'"' L:;::;E:i‘c:-'l;'t;:c:

+  Try these questions and fick off each one when you gat it right. = Retrieval Thir for Topic C5
+  When you're completely happy with a sub-topic, fick it off. =~ just scan this O codel

""’I!I|r|I'Ii|.|||1III|.I|||IH'l"‘

Exothermic and Endothermic Reactions (p.138-139) |_—_|

1) In an exothermbc reaction is heat transferred fo or from the surroundings?

2} MName fwo different fypes of reaction which are exofhermic.

3) Define what iz meant by an endothermic reaction.

4) Write down the equation for the thermal decomposifion of caleium carbonate.

B} What iz the purpose of putfing the reaction container into a besker containing coton wool durng an
experiment to investipate the femperature change of an exothermic reaction?

8] Oketch an energy level diagram for an endothermic reaction.

7) What iz the activation energy of a reaction?

8) Iz the following statemeont true or falze? In an endothermic reaction, the products of the
reaction have more energy than the reactants.

Bond Energies (p.140) | |

9) For the following sentences, use either endothermic or exothermic fo fill in the blanks:
a} Bond breaking is an process.
b} Bond forming is an process.
¢} Inan reaction, the energy relessed by forming bonds iz
greater than the energy used to break them.
10} What three steps would you use to find the overall energy change in a reaction if you were
piven the known bond enthalpies for the bonds present in the reactants and products? |:]

L
[
L
[
L]
L
L]

O

O
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Rates of Reaction

Ratez of reaction are pretly importent. In the chemleal indusiry, the fagter you make chenjeals,
the foster you make money (and the faster everyone gets fo go home for tea).

Reactions Can Go at All Sorts of Different Rates

1} The rate of a chemical reaction iz how fast the reactanis are changed info products.
2] One of the slowest iz the rusting of iron (it's not slow enough though — what about my litle Mini).
3) her slow reactions indude chemical weathering — like acid rain damage to limestone buildings.
4) An example of a moderate speed reaction would be the metal magnesium

%

reacting with an gcid fo produce a genfle stream of bubbles.
a8 lot of gas. BExplosive reactions are all over in a fraction of a second. _— : __-'

B) Burning is a fast resction, but explosions are even faster and release

You Need to Understand Graphs for the Rate of Reaction

1} You can find the speed of a reaction by recording the amount of product formed,
or the amount of resctant used up over fime (see page 144).
2) The steeper the lie on the graph, the faster the rate of reaction.
Over time the line becomes [ess steep as the reactants are used up.
3} The guickest reactiohs have the steepest hes and become flaf in the leazt fime.
4) The plot below uses the amount of product formed over fime fo show _“""r::ﬂ'o"_;';nrh;mmn.u,

how the speed of a parficulsr reaction varies under different conditions. -‘:: hal affect the rate o =

= Peadiion n =

+  Graph 1 represents the criginal reaction. A J|:||J'|H!I.I?I‘-ell??lllg!t|-.\:
L quiﬂﬂmﬂﬂrq}miﬂwmnimiﬂhgm ?:ﬁu:l L}{as&r. and more rEscant

gquicker, but with the same initial smounte of reactants.
The slopes of the graphs are sieeper than for graph 1.

* Graphe 1, 2 and 3 all converge at the same level,
showing that they all produce the same amourd of
product although they teke differend fimes fo produce i.

*  Graph 4 shows more product and a fasfer reaction. This
can only happen i more reactant(s] are added at the sfart.

Particles Must Collide with Enough Energy in Order to React ®

Reaction rates are explained perfectly by collision theory. W's simple really.
The rate of & chemical reaction depends on: o 9

1) The collision frequency of reacting particles (how ofien they collide). The more collisions
there are the faster the reaction is. E.g. doubling the frequency of collisions doubles the rate.

2) The energy transferred during a collision. Parlicles have fo
collide with encugh energy for the collision fo be successful. :

= Asuccesful collision is 2 collision that ends —
You might remember from page 139 that the minimum amount of <, i the particles reacting 1o form products,
wﬂﬁﬂp&ﬂdﬂhﬂdhmﬁhaﬂhﬂﬂm "”"””'||'||JIHEHI|I|||||.|””““1;
PIIhhndeﬂnmuhmmﬂuhhﬂﬂkfhuhﬂndﬂhih&rmndﬁmﬂmmﬁm
Factors that increase the number of collisions (so that a greater proporfion of reacting particles collide) or
the amount of energy parficles collide with will increase the rate of the reaction (see next page for mora).

xllrllrln|||1|||1||“-”“I““”““LF

Get a fast, furious reaction — tickle your teacher...

Collision theorys essential for understanding how different factors affect the rate of reaction —
so make sure you understand it before moving on to the rest of Topic C6.

Q1 What is meant by the term activation energy? [ mark]

Topic C6 — The Rate and Extent of Chemical Change
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Factors Affecting Rates of Reaction

I'd ask you fo guess what this page is about, but the tile pretiy much says i all really. Read on...

The Rate of Reaction Depends on Four Things

1) lemperature. 8) Burface area — this changes depending
2) The concentration of a solution oh the size of the lumps of a solid.
or the pressure of gas. 4] The presence of a catalysi.

More Collisions Increases the Rate of Reaction

All four methods of increasing the rate of a reaction can be expleined in terms of increasing
the number of successful collisions between the reacting particles:

Increasing the Temperature Increases the Rate

@ g %gﬁ\ 1) When the temperature is @g@,hwmm all move faster.
© g dp% 2) If they're moving faster, they're going to collide more fraquently.

g @ &9 P 3) Also the faster they move the more snergy they have, so more of

Cold Hat the collisions will have enough energy ho make fhe reaction happen.

Increasing the Concentration or Pressure Increases the Rate
1} If a solufion is made more concentrated, i means there are more particles

knocking about in the same volume of water (or other solvent). 2) o)
2) Similarly, when the pressure of a gas is increased, it means that ﬁq’ "0 9 %{hg
the same number of parficles occupies a smaller space. -_-'L“ } High O‘i
concerbrakion concentraticn)
3) This makes collisions betwesn the reactant parficles more frequent. prssre prere

Increasing the Surface Area Increases the Rate

1) If one of the reactants is a solid, then breaking i up info
2 o ff% . smnaller pieces will increase Hs surface ares to volume rafio.
] o a8 2) This means that for the same volume of the solid, the
v particles around i will have more ares fo work on —
so there will be collisions more frequendly.

;J”I'IJHIIlllll.Hl|u|.||_-|“,.
- = This & a =
Using a Catalyst Increases the Rate =, = There's m'fm'fﬂﬁ::m 3

flrr|r1I-|r|r||I14||Ir|r.|l (A

1) A catalyst iz a substance that speeds up a resction, Without Catalyst
without being used up in the reaction iHzelf. This means
it's not part of the overall reaction eguation.

2) Different catalysts are needed for different reactions, but
they all work by decreasing the activation energy needed
for the reaction to ceeur. They do this by providing an i T Pt
il e L way with a lower activation energy. Beation _

3) E-mp\-&au-a ME ™ catalysts — they catalyse reactions in living things.

Aetwation energy
withaul a cah‘ipt

Increase your concentration — burn through that exam paper...
Catalysts are really useful — they don't get used up so you can use them over and over again. Brilliant.

Q1 For each of the following pairs of reactions, state which one would have the fastest rate (A or B) and why:
a) A: A2 psolid strip of magnesium with water,  B: 2 g of powdered mapnesium with water.  [2 marks]
b} A:2 moldm® HCl with excess ethanoic acid.  B: 4 mol’dm® HCI with excess ethanoic acid. [2 marks)

Topic C6 —The Rate and Extent of Chemical Change
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Measuring Rates of Reaction

All thiz falk about rates of reactions iz fine and dandy, but it's ho good i you can't measure H.

Here Are Three Ways to Measure the Rate of a Reaction
The rate of a reaction can be oboerved either by how quickly the resctants sro used up or how quickly the

products are formed: Arisus oF feacin wnsd tof uct formed
Rate of Reaction = e _;3;:“0“"' l:?'d“'”” :
o~ i I|l||||||.|”_|./

Ihllsﬂw mesn rale of
mxbon 1o find the rate afa

When the product or reactant iz 8 gas you ususally measure the amount in om®. eyl
a particudar fime,

If i#'s a solid, then you use grams (g). Time is often measured in seconds (g). = youll need ta plot 5 =
This mesans that the unite for rate may be in cm®'s or in gfs. You can also g Wfﬁzga-ﬁentdﬂ;ﬂ,::d_:
mmmihamnﬂnfpmd.mimmmhrﬂhmﬂm—mﬁmudfsufrﬂfﬂmtﬂﬂBr“” {see page 146 z
also be mol/s. Here are three different ways of measuring the rate of a reaction: VR RO g e
1) Precipitation and Colour Change 5\‘;: ;slhl :u;-l; ;u;r:gr i

= that the doudiness

1} You ean record the visusl change in a reaction if the inHial solution s fransparend = of a solution thanges
and the product is 8 precipiate which clouds the solufion (it becomes opague). B bo zay that its

2) You cen obeerve a merk through the solution and measure how long i takes I

Tip Sy BIRLp gt
for i o disappear — the faster the mark disappears, the guicker the reaction. r:‘ "
3} W the reactants are coloured and the produets are colourless (or vice verea), || Yoo
you can time how long it fakes for the solution to lose (or gain) is colour. S
4) The results are very subjective — different pecple might not agree over the r‘::;‘
exact point when the mark 'disappears’ or the solufion changes colour. U
Aleo, if you use this method, you can’f plot a rate of reaction graph from the resulis.

RV Y

Akl

2) Change in Mass (Usually Gas Given Off) |

: : 1) Measuring the speed of a reaction that produces a pac
a can be carried out using 8 mass balance.
g.ﬁ ) 2} As the gas is released, the mass disappearing
o iz measured on the balance.
Ll 8] The guicker tha rating o e belnce deape, 1he fsies ha resclion.
4} If you take measurements ot regular indervals, you can plot & rafe of
reaction graph and find the rate quite easily (see page 146 for more).

E) This is the most accurate of the three methods described on thiz page because the mass balance
iz very accurate. But # has the dizadvantage of releasing the gas straight into the room.

3) The Volume of Gas Given Off |
1} This involves the use of a gas curinge to measure the volume of gas pives off.

2} The more gas given off during a given fime inferval, the fasier the reaction. -;—'-=—=
3] Gas syringes usually give volumes sccurate to the nearest em®, so E
they're quite scourste. You can teke measurements af reguiar F =
infervale and plot a rate of reachion graph using this method too. A 9
You have to be quite careful though — if the reaction is too vigorous, @
you can eagily blow the plunger out of the end of the syringe.

OK, have you got your stopwatch ready...*BANG!#* — oh...
Make sure you've learnt the three different methods on this page, then have a po at this question:

Ql  The reaction between solid Ma,CO, and aqueous HCI releases CO, {a gas).
a} Dwescribe an experiment that would allow you to measure the rate of this reaction. [3 marks]

b} Sugpest units that would be appropriate for expressing the rate of this reaction. [1 mark]

Topic C6 — The Rate and Extent of Chemical Change
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Two Rates Experiments

Hera's a lovely page on practical ivestigations into the effect of concendration on the rate of a reaction. I¥'s
particularly lovely because H's got fwo methods that you could use. Get your safety goggles on and let's go...

Magnesium and HC1 React to Produce H, Gas

J
2)

3)

conical flask
Siart by adding a set volume of dilute hydrochioric acid

to a conical flack and carefully place on 8 mazs balance. sotian woal \
Now add some maghesium ribbon to the acid ALHETE T iy,
and quickly plug the fleck with cotton wool. Futting catton woed in
Qtart the stopwatch and record fhe mass e ey e B

the gas escage but sto
on the balance. Take readings of the mass the acid spitting LF

IATAN AN R

FELARLAT Y

E‘l’mﬂ“lﬂih‘f"“ﬂh- LR RN FRAY TR AN Ot o - .
Lass in 4) Plot the regulis in a table and work out the mass loct for
A mass (g) st concerrtrated acid each reading. Now you can plot a graph with fime on the
Sl ﬂ__..-Ea,_-.— —— x-axis and loss of mass on the y-axis.
Qi i
o At i 5] Repeat with more concentrated ackd solutions.
] A VA Variables such as the amount of magnesium rbbon and
e 1A the volurme of acid used should be kept the same sach
A A ktlcarke E time — only change the acid's concendration. This
= J VA Lbatpergergg e iz to make your experiment a fair test — see p.d.
itk
line/s . 8] The three graphs show that a higher concentration
-

0 B0 30 40 50 6D MY BD 0 XD

of seid gives a facter rate of reaction.

fou cowld also measure the gas released umng a gas sringe, as on the previous page

Sodium Thiosulfate and HCI Produce a Cloudy Precipitate

)l
2)
3)

4)
5)

8)

7

8)

These two chemicals are both glear solufions. They react together fo form a yellow precipitate of sulfur.
Otart by adding a set volume of dilute sodium fhiosulfate 1o a conieal flask.

Place the flask on a piece of paper with a black cross drawn on .
Add some dilute HCI to the flask and sfart the stopwatch.

Now waich the black cross disappesr through the cloudy sulfur and {ime how long it fakes to go.

The reaction can be repeated with
solufions of either reactant at different

prnabvn iRk pdpigetamnrbpnet o ipraknab oL
This reachon releases subher dicosde, =o the ﬂcpefimzrﬂ: s
showld be carmed out i a wellventilated place -

-

concendrations. (Only change the ;'.HHII||I|I||II||||I|i|i|li|.'|l.|.l|LIILF;||1|J|'|'F "
concentration of one reactant at a fime = = e a
though). The depth of the liguid must 7\ / —

L= | |
l" \
be kept the came each fime. / > L [y
These results show the effect of é & ‘&
increasing the concontration of HC on - .
the rate of reaction, when sdded fo an Cancentration of HCl [molfdm®) | 25| 1 | 15 | 2 | 25
mmnnfmdumﬂﬂmu[«rnfu.___—""' Time taken for mark to dmappear (s} | 193 | 184 | 178 | 171 | 164

PR PR TR N R g PR R PYENN I IR e
The higher the concentration, the guicker the reaction and Althaugh you could draw a graph of cancertration

anst 1ftime which wll ge an appraximate rale.
mm“]a—mﬂﬂi‘*m fl:l'ihﬁnﬂl'kiﬂlﬁﬂappeﬂ. -.ll|:|||=-Jt|'-||l.h|:u|url.urnial||.'I‘|“;“r||||g1jl1|.ﬂ|1:=r|ﬂ:lE i
One sad thing about thiz reaction iz that # doesn't give a set of graphe. Well | think H's sad. All you
pet iz a get of readings of how long # took fill the mark disappeared for each concentration. Boring.

i

Bubbling acid, sulfurous clouds — proper witchcraft this is...

You should learn the methods involved in these experiments — but remember, other reactions can also be used to
mvestizate the four factors that affect rate. You might see different experiments in your exams, or the same ones
but measuring a different factor — so watch out.

Ql

4 student carried out an experiment investigating the effect of changing the HCI concentration on
the rate of reaction between HCl and Mg, State two factors that she should have kept constant.  [2 marks]

Topic C6 — The Rate and Extent of Chemical Change
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Finding Reaction Rates from Graphs

You might remember a bit about how to interpret graphs on reaction rate from page 142 —
well this page shows you how fo use them fo calculate rates.

You can Calculate the Mean Reaction Rate from a Graph

1) Remember, & rate of reaction graph shows the amount of product formed
or amount of reaciand used up on the y-axis snd fime on the x-axis.

2} 8o to find the mean rate for the whole reaction, you just work out the overall change in the
y-value and then divide this by the total time taken for the reaction.

3} You ecan also use the graph to find the mean rate of reaction befween any fwo points in Hma:

The graph shows the volume of gas released by a
reaction, measured at reqular intervals. Find the
mean rate of reaction between 20 s and 40 s

b
1

\U|4I||I.||I||J|]ir'|.lrlf_f
W youre asked to fnd =
the ean rate of resction
far the whale reaction,
remember that the reaction
finishes a5 soun a5 the kne
o the graph gaes flat
ST el gy

7 8

i,

Mean rate of reaction = change in y = change in x
={19 em® — 15 cm’) + 20 =
=02 omifs

i of gas. released [om')
<]

l"'|'|I'II'|I||||'-

IRE!

LT

[  — ; - -

O 0 20 30 40 50 &0
Tieme (s}

Draw a Tangent to Find the Reaction Rate at a Particular Point

If you want to find the raie of the reaction af a parficular point in fime, you need to find the
pradient {slope) of the curve at that point. The easiest way to do this is fo draw a fangent 1o the
curve — a eiraight line that fouches the curve at one point and doesn't cross . You then work

The graph below shows the mass of reactant used up measured at regular

intervals during a chemical reaction. YWhat is the rate of reaction at 3 minutes?

1) Position a ruler on the graph at the point whers 4] Pick bwo ponts on the fine that
you want to know the rate — here its 3 minutes are easy to read  Use them to

2} Adjust the ruler until 4 calculate the gradicnl of the
the spare between the 25 tangent in order to find the rate:
ruler anid the curve is 29 gradient = change in y + change in x

equal on poth swdes
of the point.

3} Draw a line along
the ruler to make

=(22 —14) + (5.0 — 2.0)
=08+ 30
=027

S0, the rate of reaction at 3 minutes

Mass of reactant used (g}

Lo = === _:_..._

the tangent &3 i
€ tangent was 027 gfmin

Extend the line nght b —p +

cross th : o 1 2 4 3

acrpss the graph R e

Calculate your reaction to this page. Boredom? How dare you...
Theres only one way to learn this stuff properly — practise. So you'd better pet poing with this question.
Ol Magnesium powder was added to a conical flask containing dilute H,80,,
H, was produced and collected in a pas syringe. - " o1 3o 14 0ol
Tﬁwm]umenfgasre]easedmremmdat vy FIEI]I{ : ;: ;; = F 42 -
10 second intervals in the following table: e B
a} Plot these results on a graph and draw a line of best fit. [3 marks]
b) Find the rate of the reaction at time — 25 s. [4 marks]

Topic Cé —The Rate and Extent of Chemical Change
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Reversible Reactions

8Bome reactions can go backwseds, Honestfly, that's all you need...

_ Reversible Reactions Will Reach Eqni..li.hr.ium

;,UI-HIH'-I“II'-HI.HII;
The =2 chows the -
reaciion goes both =
||rIIrI|I|HIJr|wI“r|s|1:

ALAREY]

Thiz equation shows a reversible resction — the preducis (C and D)
can react to form the reactants (A and B) again: A+B =— C+D
-

1} As the reaciants react, their concentrations fall — g
go the forward reschion will slow down (cee page 143). Q‘u Forwan] o/
But as more and more products are made and @ l";ﬁ“‘ |
thelr concentrations rise, fthe backowsrd resction will speed up. Same rale -
2) After a while the forward reaction will be going at exacily the ""'*ﬂ*“"

3)

4)

same rate as the backward one — the system is at equilibrium. "‘Ha Hh-d _,o"
At equilibrium, both reactions are shill happening, but there's . Wl @
no overall effect (i's a dynemic equilibrium). This means the  +

concenfrafions of reactanfs and products have reached a balance and won't changs.
Equilibrivm is only reached if the reversible reaction fakes place in a "closed system’. A closed

sijstem just means that none of the reactants or products ean escape and nothing else can gef in.

The Position of Equilibrium Can be on the Right or the Left

1) When a reactions at equilibrium i doesn't mean the smounts of reactants and products are equsl.
2} W the equilibrium lie: io the dghl, the concentration of products is greater than that of the reaclands.
3] H the uquﬂl:urhun lies to the loff, the concentration of reactonts is greafer than that of the produnh.

. ihe:“-r-.igi-r;_fﬂ@ '[H':;Dfiu Elgjhﬂm Heating this reaction moves the equilibrium to the rght
:l i D{'E Hn |more ammonis and hydrogen chloride) and cooling |

. e intion moves it to the (=l (more ammonium chlorde).
reactants and products.

The next page tells you why these thinges affect equilibrium position.

Reversible Reactions 'Can Be Endothermic and Exothermic
In reversible reactions, if the reaction is endothermic in ohe direction, # will be exothermic in the other.

]
2) The energy transferred from the surroundings by the endothermic reaction is

3} A good example is the fhermal decomposifion of hydrated copper sulfate:

equal {0 the energy transferred fo the surroundings during the exothermic reaction.

Gel 2y

i = ﬁ
ﬂ“ Zrerrgwﬂ’rurrr E.g. emmonium chloride = ammonia + hydrogen chloride

\I.Hrllrhlllirlilu.j,
See page 138 for more =
o endotherrnic and =
exathermic reactions. =

[ -
'q.'MI.IHIII.III-I'|I|'|-'|'-""-"-' endothermic HRELEEIT LT

\'.'.ll'-'

.ﬂm_\qtﬂl.u just. MEAFTS,
withaut water', and ‘hydrated

:|.|I.I|-|I|'||J'l||l'||1'|lll'||1L

ALY

mears ‘with wates'.

If you heat blue hydrated copper(ll) sulfate crystals, # drives the water off
and leaves white anhydrous copper(ll) sulfate powder. This is endothermic.

If you then add a couple of drops of water to the whife powder
you get the blus ceysiale back again. This iz exothernic.

Dynamic equilibrium — lots of activity, but not to any great effect.”
Make sure you understand everything on this pape before you move on to the next one. Trust me. it'll help.
What does it mean if a system is at equilibrium? [1 mark]

1
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Le Chatelier’s Principle

Reversible reactions don't like being messed around — so i you change something,
the system will respond to undo the change. Sneaky.

Reversible Reactions Try to Counteract Changes...

1) Le Chatelier's Principle is the idea that if you change the condifions of a reversible
reaction at equilibrium, the system will fry to counteract that change.
2) h can be used to predict the effect of any changes you meke fo a reaction systam.

...5uch as Changes to the Temperature...

1) All reactions are exothermic in one direction and endothermic in the other (see previous page).

2} If you decrease the femperature, the equilibrium will
mninﬂmwhmmhﬂf. N, + 3H, == INH,
This means you'll get more producis for the exofhermic e e
reaction and fewer products for the endothermic reaction. ek o

3) W you raize the temperature, the equilibrium will move in the endofhermic  temperabire moves eguilibriven
direciion o fry and decrease H. You'll now get more products for the fe e right {mcine INEL)
endothermic reaction and fewer products for the exothermic reasction.

...Pressure...
1) Changing the pressure only affects an equilbrium involving pases.
2} I you increase the pressure, the equilibrium ires to peduce H N, + 3H, == 2NH,
— it moves in the direction where there are fewer molecules of gas. There are 4 moles an the left
3) If you decrease the pressure, the equilibriur ries fo increase i i “‘LE:_""" 35‘:1;1] buat anly 2
— it moves in the direction where there are more molecules of gas. H,Tmm"ﬂ*'h w?;:::m
4} You can use the balanced symbol equation for a reaction to the right {mare MH ).

to see which side has more molecules of gas.

...0r Concentration

1) If you change the concentration of either the reactanis or
the products, the system will no longer be at equilibhum.

2} 8o the system responds to bring Heelf back fo equilibrium again. N, + 3H, e INH,
3) W you increase the concentration of the reactanis the sysfem ﬁmﬁmlfigénﬁnﬁ
tries to decrease H by making more products. bornikine e KL
4} I you decrease the concentration of producis the system fries fo

increase it again by reducing the amount of reactands.

An equilibrium is like a particularly stubborn mule...

It’s pood science this stuff. You do one thing, and the reaction does the other. On the face of it that
sounds like it'd be a pain, but in reality it's what gives you control of what happens in a reversible reaction. |
And in industry, control is what makes the whole shebang profitable. Mmmm... Money.

Q1 For each of the following reactions, state the effect of an increase in
pressure on the amount of products at equilibrium.
2y CO O, == Hon, [1 mark]
b) NHCI, Nty + HC [1 mark]
¢} 2C0, +0, = 100, [1 mark]
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Revision Questions for Topic C6

You've almost made it — you're one page eway from a nice cup of tea AR T B TEUUPLVEL i
- Furmnmupzctkﬂ,brﬂﬁef
= Try these questions and fick off each one when you get i Hght.

Ftrieval Cluir i:!rTnpil: L i
5 - thi= OF code! - =
»  When you're complefely happy with a sub-tepic, fick it off. ”””JI“:E:'}‘;"W'?!% R

(AR RN RT]

A

Rates of Reaction and Factors Affecting Them (p.142-143) [ |

1) On a rate of reaction graph, what does the line geffing steeper show?

2} What does a flat line on a graph of amount of products ageinst fime show?

3) What iwo factors relating to the collisions between parficles influence the rafe of a reaction?
4) What are the four factors that affect the rate of a chemical reaction?

5} Why does increasing the femperature of a reaction mixture increase the rate of a reaction?

6) Other than increasing the temperature, describe two ways of increasing the
rate of reaction between & solufion and & solid.

7} What iz a catalyst?
8) How does a catalyst increase the rate of a reaction?

Measuring and Calculating Rates of Reaction (p.144-146) D
9} Oiafe the equation that could be used to calculste the mean rate of a reaction.
10} Give three possible units for the rate of a chemical reaction.

1} How would you measure the rafe of a reaction between two clear solutions,
i which the product formed was a precipifate?

12} Explain why measuring 8 mass change during a reaction ks an accurate method of measuring rate.

13) Deseribe how you could investigate the effect of increasing HCl concentration
oh the rafe of reaction betwean HC and Mg.

14) Describe how you could use a graph fo find the mean rafe of a reaction between fwo points in fime.

15} What iz a tangent?
18) How would you use a tangent fo find the gradient of a curve at a parficular poind?

Reversible Reactions and Le Chatelier's Principle (p.147-148) | |

17) Which one of the following statements is frue?
a) In a reaction at equilibrium, there iz the same amount of products as resctands.
b} If the forward reaction in a reversible reaction is exothermic, then the reverse reaction is endothermic.
c) If the equilibrium of a system lies to the rght, then the concentration

of products is less than the coneentration of reactanis.

18) What effect will decreasing the femperature have on a reversible reaction

in which the forward reaction is exothermic?

19) How canh you predict the effect of changing the pressure of a gaseous reaction?

20) According to Le Chatelier’s Principle. what will the effect of decreasing the
concentration of the products for the forward reaction have on a reversible reaction?

i)
M|
L
|
[
M|
[l
[
L]
H

O]

|

O

I I
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Hydrocarbons

Organic chemistry is about compounds that confain carbon. Hudrocarbons are the simplest organic
compounds. As you're about o discover, the properties of hydrocarbons make them really useful.
Hydrocarbons Only Contain Hydrogen and Carbon Atoms

A hydrocarbon is any compound !hni iz formed from carbon and hudl-qg_ﬂmrns ont-u.
8o O H,, (decane, an alkane) iz a hydrocarbon, but CH COOC H, (an ester) ks not — i containg oxygen.

Alkanes Have All C-C Single Bonds

1) Alksnes are the simplest fype of hydrocarbon you can get. They have the general formula O Hs, .o.
2} The alkanes are a homologous series — a group of organic compounds that resct in 8 similar way.
3) Alkanes are cohursted compounds — each carbon atom forms four single covalent bonds.

4} The fiest four alkanes are methane, ethane, propane and butane. f' R 'ﬁ;';;;:;u;';; L:‘d':”_t
- . = ina molerde w5 clled a di formul. =
Mofhane: O, Ethara: CH, . Propsns: Gty Bt B 5 i reh T a1 &
b b wedign e
H H H HHH HHHMH

Hydrocarbon Properties Change as the Chain Gets Longer

As the length of the carbon chain changes, the properiies of the hydrocarbon change.
1) The shorter the carbon chain, the more runny a hydrocarbon is — that s, the less viscous (gloopy) H is.
2} Hydrocarbons with shorter carbon chaine are also more volstile, i.e. they have lower boiling points.
3) Alzo, the shorier the carbon chainh, the more flammakble (easier to ighite) the hydrocarbon is.
4} The properties of hydrocarbons affect how they're used for fuels. E.g. short chain hydrocarbons

with lower boiling points are used as "botiled gases' — stored under pressure as liguids in botles.

Complete Com.bustion DccursWhen There’ s Plenhf o! Oxygen

1) Tfﬁmmrdaiammhua{inhnfahghud'onubnhhmuﬂmrdmmh{nufmﬂ ml'-""“'”’
The only waste products are carbon dioxide and water vapour. MY idatian £

:: e defred *‘j’f
hydrocsrbon + eqgen — carbon diodde + water 0T ';ﬂ .ﬁ?f‘w‘g“’“
2} During combustion, both carbon and hydrogen from the hydrocarbon are oxddized.
3) Hydrocarbons are used as fuels due to the smount of enerpy relessed when they combust completely.

4} You need fo be able to give & balanced equation for the complete combustion of a simple
hydrocarbon fuel when you're given I-!n nmlaeulm formula. If's pretty eacy — here's an example:

CIRTNAR

\"“'HHIII-III.IHH,

LE ; : See g9 foe =

Wiite a balanced equation for the complete combustion of methane (CH,). = b.h';mg “E;T =

1) Onthe i hand side, there's one carbon atom, so R g
ml}fﬂmulacuiz afCGxisneededtabalancz this. CH, +20, —» €O, + 7H,0

2) On the |zft hand side, there are four h_',rdrngen atoms,

z
so bwo water molecules are needed to balance them el w30y =t v A LD

3} There are four oxygen atoms on the right hand side of the equation:

Two oxygen molecules are needed on the |eft to balance them Chiy 20, 20 T 2HD

The name’s bond — single covalent bond...
S0 hydrocarbons only contain two ingredients — earbon and hydrogen. Jamie Oliver would not be happy. E
o Write a balanced symbol equation for the complete combustion of ethane, C H,. [2 marks]

Q2 Robynhas two alkanes, C;Hyp,and CypHy. Compare the following properties of the alkanes:
a} viscosity b} boiling point ¢} flammability |3 marks]

-
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Fractional Distillation

Crude ofl can be used to make loads of useful things, such as fuels. But you can't just put crude oil in your
ar. First, the different hydrocarbons have to be separated. That's where fractional distillation comes in.

Crude Oil is Made Overa Lnng' Period of Time

1) Crude ofl iz a fossil fusl. H'shrnndﬁﬂnihammdplmhudamnah mainly plankion, that
died millions of years ago and were buried in mud. Over millions of years, with high temperature and
pressure, the remains turn fo crude oil, which can be drflled up from fhe rocks where H's found.

2) Fossil fuels like coal, oil and gas are called non-renewable fuels as they take

50 long to make that they're being used up much faster than they're being
formed. They're finite resources (see p.161) — one day they'll run ouf.

Fractional Distillation can be Used to Separate H?drucarhnn Fractions

Crude oil iz a mixture of lots of different huydrocarbons, most of which are alkanes. v,
The different compounds in crude off are geparated by fractional distillation T Hedocabarsare =

2= Wﬂ!wleitﬂfﬂaimgoﬂlr :—
Here's how it works: =, hydrogen and carbon, =
1} The oil iz heated until most of it has turned into gas. The gases enfer a SRRV A

fractiohating columb (anhd the iquid bit ks drained off).
2} In the column there's a temperature gradiend (H's hot af the bottom and gets cooler as you go up).
8) The lenger hydrocarbons have high bofling points. They condense back into liquids and drain out of

the eolumn eady on, when they're near the bottom. The shorfer hydrocarbons have lower boling
pointz. They condense and drain out much leter on, near to the fop of the column whers it's cooler.

4} You end up with the crude oil mixture separated cut into different fractions. Each fraction contains a

mixture of hydrocarbone that all contain a similar humber of carbon atoms, so have similar boling pointe.
APPROXIMATE NUMBEER OF CARBONS IN THE
HYDROCARBONE IN THAT FRACTION e
[} . ARPLEE LRI IRLrnle
LPS = PG contains masthy —
i = ane and butane. -
% ~3 b ey

L | a0
L AFTETIRTTR LN TA A A B R A Py

Z This can b:h:.ﬂ.ing oil, Buel mil —
= or lubricating ol =
TEORPRTRI AL R R AN R

How much petrol is there in crude 0il? Just a fraction...

Make sure you understand how fractional distillation works — 1t might just save your life... OK, maybe not.

Q1 Petrol drains further up a fractionating column than diesel. Use the diagram of the fractionating
column to explain why the boiling point of petrol is lower than that of diesel. [1 marks]

o2 Describe the temperature gradient in a fractionating colunm used for fractional distillation. [1 mark]
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Uses and Cracking of Crude Oil

Crude oil has fuelled prodern chvilisation — i would be a very different world if we hadn't discovered oil.

Crude 0Oil has Various Uses Important in Modern Life

1} 0Oi provides the fuel for mest modern fransport — cars, frains, planes, the lot. Diesel oil, kerozene,
heavy fuel ofl and LPG {liquid petroleum gas) all come from crude oil.

2j The pefrochemical indusfry uses some of the hydrocarbons from crude ol as a feedstock fo meke new
compounds for use in things ke polumers, solvents, lubricanfs, and detergonds.

3) All the products you get from crude ofl are examples of organic compounds (compounds containing
carbon stoms). The reason you get such a large variely of products is because carbon atoms can bond
together o form different groups called homologous cedes. These groups contain similar compounds
with many properfies ih common. Alkanes and slkenes are both examples of homologous ceries.

Cracking Means Splitting Up Long-Chain Hydrocarbons

1) Short-chain hydrocarbons are flammable so make good fuels and are in high demand.
However, long-chain hydrocarbons form thick liquids like far which aren't all that usefud, so...

2} ...alot of the longer alkane molecules produced from fractional disfillation
are turned into smaller, more uzeful ohes by a process called cracking.
3) Bome of the products of cracking are useful as fuels, e.g. petrol for cars and paraffin for jet fuel.

4} As well as slkanes, cracking also produces another type of hydrocarbon called slkenes.
Alkenes are a lof more reactive than alkanes. They're used as a sfarting material
when making lots of other compounds and can be used to make polymers.

Bromine water can be used fo test for alkenes: e L
1} When orange bromine wiler s added to an lkane, T -
no reaction will happen and H'll stay Lright orange, o

2) I it's added to an aikene the bromine reacts with the alkene to make "T""‘;:W Sakiaty
a colourless compound — so fhe bromine water is decolourised. o e s o

There are Different Methods of Cracking
1) Cracking is a thermal decomposition reaction — breaking molecules down by heating them.
2] The first step iz to heat long-chain hydrocarbons to veporise them (fumn them info a gas).
3) Then the vapour k= passed over 8 hot powdered aluminium odde catalyst.
4} The long-chaih molecules split apart on the surface of the specks of eatalyst — this k= catalyfic cracking.
5} You can aleo erack hydrocarbone if you vaporise them, mix them with steam and then
heat them to a very high temperafure. This iz knvown ae steam cracking.

You need fo be able fo balance chemical equations for cracking. For example:
Long-chain hydrocarbon molecule  wge  Shorfer slkane molecule  + alkene

HHHHHHHHKH HHH |'11-| HH M
H—?—g—g—g—g—g—q—g:—n—q—u—pH -0-6-C-0-C-C-C-C-n + ,0an
HH HHHHHH HHHHHHHN
E.g. dmmn (ten C atoms) e octane (eight C atoms) + efhene {two C atome)
{hoe srsch of this i eruede: ol forsehid o petecl) {For making plastics)

This page is tough — better get cracking...

We use lots of oil — we’re dependent on it for loads of things. So we could be in a proper pickle when it
runs out. Just like you could be in a pickle if you don’t revise this page. See what 1 did there? Ahaha. ..

Q1 Pentane, C<H,,, can be cracked into ethene and one other hydrocarbon.
Give the balanced symbol equation for the cracking reaction. [1 mark]
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Purity and Formulations

In an ideal world, every compound & chemist made would be 1007, pure. Unfortunately, in the real world #

gdoesn’

{ always work out like that — but luckily, there are ways to find out [ow pure @ substance is.

Pnrity is Defined Differently in Chemistr}r to Everyday

)
2)

Uzuslly when you refer to a substance as being pure you mean that nothing has besn
added to #, so i's in Hs natural state. For example: pure milk or beeswa,

In chemistry, a pure substance is something thet only conteing
one compound or glement throughout — not mixed with anything else.

The Boiling or Melting Point Tells You How Pure a Substance Is

I
2)

3)
4)
5)

A chemically pure substance will melt or bofl st a gpecific temparature.
You can test the purity of a sample by measwing s meling or boilling point and comparing H
with the melfing or boiling point of the pure cubsfance (which you can find from a data book).

The clozer your measured value is fo the actual melting or bolling point, the purer your sample is.
Impurities in your sample will lower the melling poind and increase the melting range of your substance.
Impurities in your sample will also increass the boiling point and

may result in your sample boilling at a renge of femperatures.

Formulations are Mixtures with Exact Amounts of Components

1)

2)

4)

Formulations are useful mixtures with a precice purpoze that are

made by following a “formula’ (a recipe). Esch component ina 3_;..- HZ;LL'LLL';.';;,‘E;;' S
formulation ks present in 8 measured quandity, and condributes to = for mace on eedure; —
ihe properties of the formulation so that it meets s required function. TR

For example, painis are formulafions composed of:

= Pigment — gives the paint colour, for example fitanium oxide is used as & pigment in white paints.
=  Bolvent — used {o dissolve the other components and alter the viscosity.

* Binder (resin) — forms a film that holds the pigment in place after i's been painted on.

= Additives — added fo further change the physical and chemical properties of the paint.
Depending on fhe purpose of the paint, the chemicals used and

their samounts will be changed so the paint produced is right for fhe job.

Formulations are really imporfant in the pharmaceutical industry. For example, by altering fhe
formulation of a pill, chemists can make sure i delivers the drug to the correct part of the
body at the rght concentration, that #'s consumable and has a long enough shelf life.

k. thin masic
In everyday Iife, formulations can be found in deaning products, fuels, _ AT
cosmetics, ferfilizers, metal alloys and even food and drink. 1 £ Friae. ik

When you buy a product, you might find that i has information ahout Hs
composition oh the packaging. For example, the ratio or percentage of each
component. This tells you the product’s a formulation. 1t also lete you
chooze a formuletion with the dght composition for your parficular use.

Cake and tea are key to the revision success formula...

Knowing how pure a product is can be vital in industries such as pharmaceuticals and the food industry.
Luckily for us, chemists have lots of different ways to make sure they're making exactly what they want.

0l

The melting point of a sample of aspirin made by a student is measured as being between 128-132 °C.

The melting point and boiling point of pure aspirin are 136 *C and 140 °C respectively.

a} Give two reasons why the melting point measured shows that the sample is not pure. [2 marks]
b} Suppest a value for the boiling point of the sample. [1 mark]
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Paper Chromatography

You met ehromatography on page 100. Now it's fime fo see how it works. Careful — things might get crazy...

Chromatography uses Two Phases '

Chromatography s an analytical method used to ngp. arate the substances in 8 mbxture. You can then use i
to idendify the substances. There are different types of chromatography, but they all have two "phazes':

+ A mobile phase — where the molecules cah move. This ke always & liguid or 8 gas.
= A sistionary phase — where the molecules can't move. This can be a solid or a really thick loguid.

1) During a chromatography experiment, the subsfences in the cample constantly move between
the mobile and the statiohary phases — an equilibrium is formed between the two phases.
2} The mobie phase moves through the ctationery phase, and anything discolved in the mobile
phaze moves with . How quickly a chemical moves depends on how if's "distributed” between
the two phases — whether it spends more fime in the mobile phase or the stationary phase.
3) The chemicals that spend more time in the mobile phase fhan the stationary phaze will move further.

4} The components in 8 mikture will hormally separate through the stationary phasze, so long ac all the
components spend different amounts of fime in the mobile phaze. The number of spots may change
in different solvenis as the distribution of the chemical will change depending on the solvent. A pure
subsfance will only ever form one spot in any solvent as there is only one substance in the sample.

During paper chromatopraphiy the stationary phase iz the chromatography paper Watch glaws
(often filter paper) and the mobile phase is the solvent (e.g ethanol or water). = i
The amount of time the molecules spend in each phase depends on two things:
*  How soluble they are in the solvent. B e
*  How stiracted they are o the paper. _\-.t'llu.n,.,E,"?fETE
Molecules with  higher solubilty in the solvent, and which = . "*d i
are |ess attracted fo the paper, will spend mors fime in the - ﬁu‘,mwm =
mobile phase — and they'll be carried further up the paper. =  oping =

LR RN PR

You can Calculate the R;Value for Each Chemical %‘——————-

v, |

1) The result of chromatography analysis is called a chromatogram.

2} An R; velus is the rafio between the distance fravelled by the dissolved substfance (the solute) and the
distance travelled by the solvent. The further through the stationery phase a substance moves, the

larger the B value. You can caleulate R; values using the formula: & S
distance travelled This is the distance by Sphvent
R—f‘ = w from the baseline to vk St} A
distance travelled by solvent (A) the centre of the spot.  Spot of chemical
3) Chromatography iz often carried out o see if a certain substance ks m

present in a mixture. To do this, you run a pure sample of that substance

(a reference) alongside the unknown mixture. | the R; values of the reference and one of the spots in

the mixure match, the substance may be present {(although you haven't yet proved they're the same).
4) The R value is dependent on the solvent — if you change the solvent the Ry value

for a substance will changs. You can fest both the michure and the refersnce in a number of

different solvents. If the R, value of the reference compound matches the R, value of one of

the spots in the mibxture in all the solvends, then i's likely the reference compound ks present

i the mixture. If the spois in the mixture and the spot in the reference only have the same Ry

value in some of the solvents, then the reference compound izn't present in the midure.

Chromatography revision — a phase you have to get through...
You can’t see the chemicals moving between the two phases, but it does happen. You just have to trust me. E

0l A spot on a chromatogram moved 6.3 cm from the baseline. QI Wideo
The solvent front moved B4 cm. Calculate the Ry value. [1 mark]
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Tests for Gases

Ahh... tests, glorous tests. Luckily, these aren't the kind of teste you have to revize for, but you
should probably revize these tesis for your exam — i's swings and roundabouts really...

There are Tests for 4 Common Gases |

1) Chlorine

Chlorine bleaches damp [ifmus papar, furning i
white,_[If g fir paid $¢ s moment first Hhoogh /ﬁ\umwr

— that's because & soluticn of chlodne is acidic.) /
C Chlorine

[ 2) Oxygen
If you put a glowing splint incide a fest fube containing

oxugen, the oxygen will relight the glowing splind. M\A/

3) Carbon Dioxide

Bubbling carbon dioxide through (or shaking carbon
dicodde with) an aqueous solution of calcium hydrodde
(kerown as limewnter) causes the solution fo turn cloudy.

4) Hydrogen
If you hold a lit splini af the open end of a test tube I
cortaining hydrogen, you'll get a "squeaky pop®. —POP]1 —
(The noize comes from the hydrogen buring quickly g o \\ML'@MSPEL
with the oxygen in the air fo form H;0.) Ve
VA4
i ,/?’H“\H,gu

Hopefully this page won’t be too testing for you...
Tests for pases are brilliant. You might think it because you pet to do 2 nice experiment to do in class, but | like
them becanse you get to write “squeaky pop” as a real scientific observation.
ol Hadia collects the gas given off during a reaction and bubbles it through limewater.
The limewater goes cloudy. 1dentify the gas produced. [1 mark]
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Revision Questions for Topics C7 & C8

Well, that's it for Topics C7 and C8 — | think they were my favourite so far. ML ;::;L';:;}u;'“&
*  Try these questions and fick off esch one when you get i right. Retrieval Cluizres for Topics CF

= and CB - just scan the codes! =
»  When you're completely happy with a sub-fopie, fick # off. ”rrmm||'ﬁuumﬁ$nunf‘

Hydrocarbons (p.150) || B
1) What fwo elements do hydrocarbons contain?

2} What is the general formula for alkanes? i~
3} Draw the displayed formula of butane.
4) What two waste products form from the complete combustion of hydrocarbons?

Crude 0Qil (p.151-152) [ |

5} How iz crude ol formed?

8] Where are the shortest carbon chains found in the fractional distillation column?
7) Giwe three products that can be made from crude oil.

8) Why is cracking used?

9} Give a product of cracking that iz used for meking plastics.

10} What is used fo test for alkenas?

[}

(AR
[RE RN

Purity, Formulations and Paper Chromatography (p.153-154)

1) What iz a formulation?

12) What are the fwo phases called in chromatography?

13} In paper chromatography, how many spots will 8 pure substance form on the paper?

14) Give the formula for working out the R; value of a subsfance.

15) Would you expect the R; value of a substance to change i you
changed the solvent used ih the chromatography experiment?

Tests for Gases (p.155) ﬁ
18) What colour does lHtmus paper turn in the presence of chlorine?

17) How ean you test if & gas in & fest fube iz oxygen?

00 O 0000 0Oo00o0ood Oood
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The Evolution of the Atmosphere

Theories for how the Earth's atmosphere evolved have changed a lot over the years — i's hard to gather
evidence from such a long fime period and from o long ago (4.6 billlon years). Here's one idea we've gof:

Phase 1 —i’olcanoes Gave Out Gases

1} The fiest billion years of Earth's history were pretfy explosive — the surface was covered in voleanoes
that erupted and released lots of gases. We think this wes how the gardy stmocphers waes formed.

2) The early atmosphere was probably mostly carbon dioxide, with virtually o w0 oo
no oxygen. This is quite like the atmospheres of Mars and Verws foday. | g % 0 &

3} Voleanic activity also released nitrogen, which built up -

in the stmosphere over time, as well as water vapour
and small amounts of methane and ammonis.

Phase 2 — Oceans, Algae and Green Plants Absorbed Carbon Dioxide

1} When the water vapour in the atmosphere condensed, i formed the cceans.

2) Lotz of carbon dioxide was removed from the early stmosphere as B dissolved in
the oceans. This dissolved carbon dicxdde then went through a series of reactions
to form carbonate precipitates that formed gediments on the segbed.

3) Green plands and 2lpse evolved snd absorbed some of the carbon dicedde so
that they could carry out photosunihesic (see below). Later, marine snimsls
evolved. Their chells and shelefons contained corbonaies from the oceans.

4] SBome of the carbon these organiems took in from the atmosphere and oceans
became locked up in rocks and {ossil fuels affer the organisme died.

+  When plants, plankfon and marine animals diz, they fall to the sesbed and get
buried by layers of sediment. Over millions of years, they become compressed

and helping to keep carbon dioxide levels in the atmosphere reduced.
+  Things like coal, crude ofl and natural gas that are made by this process are called "fossll fusls'.

reservoirs under the seabed when they get frapped in rocks.
+  Coslis 8 sedimentary rock made from thick plan! deposits.

+  Linesions e also a sedimentary rock. 1's mostly made of caloiun o nate
deposis from the shells and skeletons of marne organisms.

Phase 3 — Green Plants and Algae Produced Oxygen

1} As well as absorbing the carbon dioxide in the atmosphera, green plants and algee produced oxygen by
photosynthesis — this is when plants use light fo corwvert carbon dioxide and water info sugars:

2) Algae evolved first — about 2.7 billion carbon dioxide + water — glucose + oxygen
years ago. Then over the next billion light
years or g0, green planis aleo evolved. 6C0;, + 6BH0 — CgHwO:. + 60,

3} As omygen levels built up in the atmosphere over fime, more complex life (ke animals) could evolve.

4) Eventually, about 200 million years ago, the atmosphere reached a composition similar to what i s
today: approxmately 80% nitrogen, 20% oxygen and small amounts of other gases (each only makes
up less than 1% of the afmosphere), mainly carbon dioxide, noble gases and water vapour.

The atmosphere’s evolving — shut the window will you...

We've learnt about the atmosphere from Antarctic ice cores. Each year, a layer of ice forms with bubbles of air
trapped m it. The deeper the ice, the older the air, so examining air in different layers shows us how it's changed.

1 Describe how sedimentary rocks are formed. [2 marks)

Topic C9 — Chemistry of the Afmosphere
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Greenhouse Gases and Climate Change

Greenhouse gases are important but can also cause problems — HW's all about keeping a delicate balanca.

Carbon Dioxide is a Greenhouse Gas Short warvlerigh  Lang wanelength
; radiation

1} Greenhouse gases Bke carbon dicsdde, methane and wafer
wapour act like an insulating layer in the Earth's afmosphere
— thiz, amongst other factors, allows the Earth to be warm
enough to support life.

2} All parficles absorb cerfain frequencies of radiation. Greenhouse :
gm@imuhhmwhmdhﬂnnﬁunhmn—bﬂimmmubm
the long wavelength radiation fhat gets reflected back off the Earth. Then they re-radiate i in all
directions — including back fowsrds the Esrth. The longwave radiation is thermal radiation, so i
results in warming of the surface of the Earth. This is the greenhouse effect.

3) fome forme of human activity affect the amount of greenhouse gases in the atmosphere. E.g:

* Deforestation: fewer trees means less 00, i removed from the stmosphere via photosynthesis.
*  Burning fossil fuels: carbon that was locked up® in these fuels i released as CO,.
= Agriculhre: more farm snimals produce more methane through their digesfive processes.

* Creafing wasfe: more landfill sifes and more waste from agriculture m
tmore L0, and methane released by decomposition of waste.

Increasing Carbon Dioxide is Linked to Climate Change

1) The Earth's temperature varies naturally, but recently the average temperature of the
Earth's surface has been increasing. Most sclentists agree that the exira carbon dicxide
from human sciivity ls eausing this increase and that this will lead o climate changs.

2) Evidence for this has been peer-reviewsd (see page 1) —
g0 you know that the information out there iz reliable.

3} Unfortunately, #'s hard fo fully understand the Earth's climate — this iz because if's so complax,
and there are oo many variables, that #'s very hard to make a model that isn't oversimplified.

4} This hazs led to speculation, parficulady in the medla — whera SR L
shories may be bissed or only some of the information given. = deepage 2hormoreon =
.:'I'Il'.:ﬂ:mcm:"ﬁrh ,;_:

AR EE| IRIRRAT

Climate Change Could Have Dangerous Consequences

The Earth's climate is complex, but #'s still important o make predictions about the
consequences of climate change so that policy-makers cah make decisions now. For example:

1) Anincresse in global temperature could lead fo polar lce caps melting — causing a Hse ih sea
lewels, incressed flooding in cosstal areas and cosstal erosion.

2) Changes in rainfall pafierns (the smount, fiming and distibution) may cause some regions to get
too much or too fitte water. This, slong with chenges in temperaturs, may affect the abilify of
cerfain regions to produce food.

3) The frequency and severity of slorms may also increase.

4) Changes in femperafure ahd the swound of water avallable e habitat may
affect wild spacies, leading to differences in their distribution.

Problems, problems — there’s always summat goin’ wrong...
Everyone’s talking about climate change these days — it's pretty scary stuff, so make sure you get it e
o Describe the preenhouse effect and how it affects global temperature. [4 marks] &R
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Carbon Footprints

I¥s generslly accepted that greenhouse gae emissions from human activiies is causing climate change.
Knowing what leads 1o a lof of emissions of earbon diodide could be usefid for stopping # happening.

Carbon Footprints are Tricky to Measure /

1) Carbon foofprints are basically & measure of the amount of carbon dicxide and other greenhouse ,}
jezes released over the full Iife cycle of something. That can be a service (e.g. the school
bus), ah event (e.g. the Olympics), a product (e.g. a toastie maker) — almost snyfhing. f’ ,

2} Meazuring the total carbon footprint of something can be really hard, though — or even npossible.

3) That's because there are so many different faciors fo consider — for example, you would have to count
the emissions released as a result of sourcing all the parts of your toastie maker and in making H, not to
mention the emicsions produced when you actually use H and finally dispose of . Eugh, complicated...

4) Biill, a rough caleulation can give a good idea of what the worsi emitiers
are — 20 that people can avoid them in the future. ‘ ,
There are Ways of Reducing Carbon Footprints \ \

You can't always measure a carbon footprint exactly, but there are slways methods to try and reduce H.

Anything thet reduces the amount of greenhouse pases (e.g. carbon dioxide or methane) given
ouf by a process will also reduce s carbon foolprni. Here are some things thai can be done: \ o

+  Renewable energy sources or puclesr energy could be used inetead of fossil fuels.

+  Using more efficiont processes could congerve enerpy and cut waste. Lots of waste -
decomposes to relesse methane, so this will reduce methane emissions. »

*  Governments could tax companies or individuals based on the amount of greenhouse gases they
emit — e.g. taxing cars based on the amount of carbon dicsdde they emit over & set distance

could mean that people chooss to buy ones that are more fusl-efficient and so less pollufing.

+ Governments can also put 8 cap on emissions of all greenhouse gases that
companies make — then gell licenees for emissions up fo that eap.

= There's also technology that captures the 0, produced by burning fossil fuels before it's released info
the atmosphere — i can then be stored deep underground in cracks in the rock such as old ofl wells.

But Making Reductions is 5till Difficult

1) W's essy enough saying that we should cut emissions, but actuslly doing it — thet's a different story.
2} For a start, there's efill a lot of work to be done on slfernative
technologies that result in jower CO, emissions.
3) Alet of governmanis are also worried that maeking these changes will impact on the
eoonomic growth of communities — which could be bad for people’s well-being.
This is parficularly important for countries that are stiil developing.
4} Because hot everyone is on board, i#'s hard fo make iniernationsl agreements fo reduce emissions. Most

5} I's not just governments, though — individuals in developed countries need fo make changes to
their [Hesiyles. But #f might be hard 4o get people to make changes if they don®f want 1o and i fhere J

ten't erough educalion provided about why the changes are hecessary and how o make them.

Who has the biggest carbon footprint then? Clowns of course...

Carbon footprints are a pame of *fortunately/unfortunately’. Unfortunately, carbon emissions can lead to global
warming. Fortunately. there are steps we can take to cut our carbon dioxide emissions. Unfortunately, not
everyones on board.  Fortunately, as time goes on, people are doing more to reduce their emissions. And so on...

1 Srate two things governments can do to iry to reduce the preenhouse pas emissions of businesses.  [2 marks]
r
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Air Pollution

Increasing carbon dioxide is causing climate change. But 00, isn’t the only gas released when fossil fuels
burn — you also get other nasties like gxides of nifrogen, sulfur dioxide and carbon monoxide.

Combustion of Fossil Fuels Releases Gases and Particles

\hHl”H”HH‘IIIHII.|If

1) Fossll fuels, such as erude oll and coal, eontain fydrocerbons. = Hydrorarbons are compounds

During combustion, the carbon and hydrogen in these compounds are oxidised -  that enly contain hydrogen
go that carbon dioxide and water vapour are released into the stmosphera. — and carbon [see page 150}

SRR LR AP TRy

2} When there's plenty of oxygen, all the fuel burhs — this is called complete combustion.

3} If there's not enough oxygen, some of the fuel doesn't burn — this iz called incomplete combustion.
Under these conditions, solid particles (called porticulstes) of soot (carbon) and unburnd fuel are
released and carbon monoxide can be produced ss well as carbon dioxide.

4} Particulates in the air can cause all sorts of problems: SULEROT FLITE LT,

2 There's more about =
. ifwmmm.mdmmmmgﬁmmnmmm R e z
cause damage. This can then lead fo respiratory i
. ﬁrng'mdmhadfmﬂmmﬂmmmf—ﬂwﬂmmmihedmﬂsﬂmghah
to produce, rafleci sunlight back info space. This means fhat less light reaches
the Earth — causing global dimming.
5} I¥'s not just parficulates from incomplete combustion that cause problems.
Carbon monoxide is prety nasty foo.
=  Carbon monodde (CO) is really dangerous because H can stop your
biood from doing is proper job of carrying oxygen around the body.
= It does this by binding to the haemoglobin in your blood that normally
carries 0, — o less oxygen i able o be transported round your body.
= A |eck of oqygen in the blood can lead o fainting, 8 coma or even desth.
= Carbon monoodde doesn't have any colour or smell, so it's
wery hard fo defect. This makes it even more dangercus.

Sulfur Dioxide and Oxides of Nitrogen Can be Released

Il u[ﬁ_l- n{ﬂﬂ,ﬂ-iﬂ dumh buﬂﬂm‘l |_‘||H|l'|||.H‘||EF‘|‘|||!FH“”.|!|.H.|l
E_iiﬂj.ﬂ.. released COmBbUSTon S0, gas reacks with water to form
of fossil fuels, such as coal, fhat contain sulfur impurifies 2

sulfaric acid “You can test for sulfe
— the sulfur in the fuel becomes oidised. impurities in a fuel by bubbling the gases

2) Nitrogen oxides are created from a reaction between the x"f;mw:?:;?ﬁm
nifrogen and ooaygen in the air, caused by the heat of the burning. Buel cortains subfie, the gases will conkam
{This can happen in the infernal combustion engines of cars.)

3] When these gases mix with clouds they form dilute sulfurdc

501, which wdll farm sulfuric acid and

furn the wniversal indicator red
"IF”||I|||||r||i|||||||1|.ir||ri|||||\'

acid or dilute nitric acid. This then falls as acid rain.

4] Acid rain kills planis and damages buildings and statues.
It also makes metal corrode. 1H's shocking.

5} Mot only that, but sulfur dicsdde and nitrogen oxides can
also be bad for human health — they cause respiratony

problems if they're breathed in.

AR I||II|III (R RY
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Revision and pollution — the two bughears of modern life...
Eeee.... cars and fossil fuels — they’re nowt but trouble. But at least this topic is kind of interesting, what with its
relevance to everyday life and all. Just think._. you could see this kind of stuff on TV,
Q1 Mame three potential pollutants that could be released as a result of incomplete combustion
of hydrocarbons, that wouldn't be released as a result of complete combustion. [3 marks]

Topic C8 — Chemistry of the Atmosphere
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Finite and Renewable Resources

There are lote of different resources that humans use to provide energy for things like heating or fravelling,
as wall as for bullding matedals and food. Some of these resources gef replaced, some don'f.

Natural Resources Come From the Earth, Sea and Air

1) Netural resources form without human inpuf. They include anything that comes
from the earth, sea or gir. For example, colton for elothing or ofl for fuel.

2] Some of these natural products can be replaced by synthefic products or improved upon by men-mede
processes. For example, rubber iz a natural product that can be extracted from the sap of a free,
howewver man-made polymers have how been made which ean reploce rubber in uses such as fyres.

3) Agriculiure provides condifions where natural resources ean be enhanced for our neads.
E.g. the development of ferillizers have meant we can produce s high yield of crops.

Some Natural Resources will Run Out

1) Renewsble resources reform at a similar rafe to, or faster than, we use them.
2) For example, fimber iz a renewable resource as trees can be planted following a harvest and only
take a few years fo regrow. Other examples of renewable resources include fresh water and food.
3} FEnite {hon-renewable) resources, arent formed quickly enough fo be considered replaceshble.
4) Finife resources include fossil fuels and nuclear fuels such as uranium and pluionium.
Minerals and metals found in ores in the earth are also non-renewable materials.
E) Afer they've been sxiracted, many finite resources undergo man-made processes
to provide fuels and materials necessary for modern life. For example, fractional

digtillation (see p.151) is used to produce usable products such as petrol from
crude ol and metal ores are reduced fo produce & pure metal (see p.J33).

Tables, Charts and Graphs can Give You an Insight Into Different Resources
You may be asked to inferprat information about resources in the exam.

The table below shows information for two resources, coal and timber.
Iémtiﬁr which resource is wllir_h.

The time it takes for Resource 1 to reform is 105 times
shorter than Resource 2 suggesting it is a renewable
resource. Resource 1 is also a far less energetic fuel than
Resource 1 ?Ef}f} 11 ‘H':I-D 'lﬂ_:rears Resource 2, so is more hkely to be timber than coal

Resource 2 | 2300026000 | 10° years Resource 1 is timber and Resource 2 s coal.

e N i il way of shawing 1000 000, This is berause
108=10 %10 x 10.x 10 x 10.x 10 = 1000000

Extracting Finite Resources has Risks
1} Many modern materials are made from raw, finite resources,
for example most plastics, metals and bullding materkals.
2} People have 1o balance the socisl, sconemic and snvironmental effects of extracting finie resources.
3) For example, mining metal ores iz good because useful producis can be made. It alzo provides local

people with jobs and brings monay into the area. However, mining ores iz bad for the spvironment ae
it uses loads of energy, scars the landsecape, produces lofs of waste and destroys habitats.

This book is a renewable resource — a gift that keeps on giving...

Unfortunately we can't just run around using every resource we get our hands on — we have to consider the
impacts of our actions. 1f you ever start a major mining project think... What would David Attenborough do?

01 Using examples, state the difference between a finite and renewable resource. [2 marks]

Topic C10 — Using Resources
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Reuse and Recycling

Many materials used in the modern world are imied. Onee they're finished with, H's usually
far betier o recycle them than to use new finife resources which will eventually run out.

Chemistry is Improving Sustainability

1) Busteinsble development is an approach fo development that takes sccount of the
needs of preseni sociefy while not damaging the lives of future generafions.
2) As you saw oh the last page, nof all resources are renewable so H's unsustainable fo keep using them.
3) As well as using resources, exiracling resources can be uncustainable due fo the amount of energu
uged and waste produced. Processing the resources into useful meterials, such as plass or bricks,
can ba unsustainable oo, as the processes ofien use energy that's made from finiie recources,
4) One way of reducing the use of finite resources is for people o use |ess.
Thiz doesn't just reduce the use of that rescurce but alzo anything needed to produce i.
B} We can’f stop using finife resources alfogether, but chemists can develop and adapt processes that

use jower amounds of finHle resources and reducs damage fo the environment. For example, chemists
have developed caislyste that reduce the amount of energy required for cerfain industrial procesces.

Copper-Rich Ores are in Short Supply

1) Copper iz a finite resource. One way to improve Hs sustainability is by extracting # from low-grade
ores (ores without much copper in). Sclentists are looking into new ways of doing this:
L P RN
= Biclesching — bacieris are usad $o corvert copper compounds in the ore info soluble copper = Thise ;r””f
compourids, sepssating out the copper from the ore in the procese. The leschats (the solution = h’ﬂiﬂhm::
producsd by the process) containe copper jone, which oen be exiracted, e.g. by electrolysis = other meta ton
(ze8 pI35) or displacament (eae p.134) with a more reactive metal, e.g. sorap iron. THLLLRLI prgpggqq0

= Phytomining — fhie imvobes growing plands in goll thet cordsing copper. The plants can't uss or get rid of the copper so
it gradslly buside up in the leavee. The plarte can be harvected, dried ard burned in a furnace.  The seh condaine ecluble

copper oompounds from which copper can be extracted by electrolysie or displasement using sorap iron.

2} Teadifional methods of copper mining are prety demeging to the environment. These new
methods of extraction have a much smaller impact, but the disadvantage is that they're slow.

. RN R RN RS NN AR FRE R
Recycling Metals is Important = Ryl oyt e e i o e i

FANFTR TR g g F p e I P g P F g By b8~

1) Mining and extracting metals takes lots of gnergy. most of which comes from burning fossi fuels.

2} Recycling metals offen uses much less energy than iz needed fo mine and extract new metal, concerves
the finite amount of aach metal in the earth and cuts down on the amount of waste getting senf to landfill.

3) Metals are ususlly recycled by melting them and then casting them into the shape of the new product.

4} Depending on what the metal will be used for after recycling, the amount of separafion required for

A FRTRTT

Emﬁ%mﬁhmw Furmn-pl&. waste stesl and l'|1!||;IrI|.||.|_1.JI|I|I-rJJ|I|.||I_r||.rl||||¢.-_
iron can be kept fogether as they can both be added foiron - A blast frmace i used to tract Fon Fom -
in & blast furnace to reduce the amount of iron ore required. ;,.'H‘I";',f,f”'?:‘,I;':’:T,,,T,‘ﬂ'ﬁff“,':'”:
Glass can Also be Recycled
Glass recycling can help sustainability by reducing the amount of energy needed to make new glass

products, and sleo the amount of waste created when used glass is thrown away.

1) Glass botiles can often be reused without reshaping.

2) Other forms of glass can't be reused so they're recycled instead. Usually the glass
iz separafed by colour and chemical compostion before being recyced.

3] The glass is crushed and then melted to be reshaped for use in glass products such as botiles or jars.
It might also be used for a different purpose such as insulating glass wool for wall insulation in homes.

CGP Jokes — 85% recycled since 1996...
Recycling is really handy — as well as saving limited finite materials it also saves enerpy.
Q1 Give three positive effects of recycling metals. [3 marks]
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Life Cycle Assessments

I & company wants fo manufacture 8 hew product, they carry out a life cycle assessment (LCAJ.

Life Cycle Assessments Show Total Environmental Costs

A e cucle assessment (LCA] looks at every slage of a product's life
1o assess the impact it would have on the ervironment.

ogefl-ligg the Raw Materals:
1) Bdvaching raw materals needed for a product oan damage the looal srvironment, e.g. mining
metale. Extraction can aleo result in polfution due o the amount of enesgy needad.

2} Paw materals often need to be rocessed fo extract Hhe desired materials snd this offen
lerge smcwnits of energy. E.g. eschacting metals from ores o fractional distilleton of crude oi.

e Manufaciure and Pml-:gglﬂg'

1) Masufsctiring producte and ng oan uee a lot of anergy resourcee and can aleo
malulufpnﬂubnn.u.g.hm il fimres such a= carbon monedde or hydrogen chioride.

2} You aleo meed o think about any waste prodocts and how to disposs of them. The chemical reactions
usad to make compounde from their raw meterials oan produce waste products. Some waste can
be turwed indo ofher usafid chemicals, redusing the amound ande up pollufing the emwironmant.

e Using the Product: 0 Product Dispooal:

1)  Producte are often disposed of in ledfill sies.
Thie takes up space and pollutes lend and water,

a.g. if paint weshee off a product and gete info Hvers.
2)  Erery is used fo fransport waste o landfil, which

2) How long a product le ueed for or how many wses i gets b oauese pollutands fo be released indo the atmosphess.
alen a fartor — products thet need lote of energy to produce 3 Products might be irminersted (burd),
but are used for ages mean less waste in the long run. which causes air polfution.

- You Can Compare Life Cycle Assessments for Plastic and Paper Bags

Crude ail

Torbser

The compounds needed to make the plastic are dtracted from crude ol ; : -
. ’ ! o i Ly Fulped timber & procesed wing lots
Nhhﬁ:hﬂrlgllﬂmaghﬂ brﬁ'thuldmh"nhmfnlmdbj:m:kmgmdﬂhnpd}wunﬂbﬂn 1 -
Waste is reduced as the other Fractions of cude oil have other uses. ot enengy of =

Cam be roused.
Can be used for other things as well as shopping, for example bin ners ey e st e
Recyclable but not bindegradable and will take Biodegradable, non-towdc and
up space in bndhll and poliute land Eﬂnbrmgtlnef.

Life cycle assesements have shown fhat even fhough plastic bags ares radable, they fake less
energy to make and have a longer lifespan than paper bags, Bnrnngbnlmhmrfulluﬂmmﬁmrmrl

There are Problems with Life Cycle Assessmentis

1} The use of energy, some natural resources and the amount of cerfain types of waste
produced by a product over i's lifetime can be easily quanfified. But the effect of some
polluiants ks harder to give & numerical value to. E.g. #'s difficulf o apply a value fo the
negative visual effects of plastic bage in the envirohment compared o paper ohes.

2} 8o, producing an LCA iz nhot ah objective mothod as i takes into aceound the values
of the person carrying out the assescment. This means LCAs can be biased.

3) Lelective LCAs, which only show some of the impacts of a product on the
envirohiment can also be biased as they can be written fo deliberately support

the claims of a company, in order fo give them posifive adverfising.
Need exercise? Go life-cycling then...
In the exam you may be asked to evaluate the use of different materials for a particular product, using an LCA.
o What are the four stages that need to be considerad to conduct a life cycle assessment? [4 marks)
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Potable Water

We all need cafe drinking water. The way that water's made safe depends on local condifions.

Potable Wﬁter is WaterYou Can Drink

1) Potable water ic weter that's been freated or ie naturally safe for humans fo drink — H's ezsential for IHe.
2) Chemists wouldn't call it pure, though. Pure water only contains H 0 molecules
whereas pofable water can confain lofe of other dissolved substances.

3) The important thing is that the levels of disoolved salts aren’t foo high, that it has a pH betwoen 6.5
and 8.5 and also that there aren't any nasties (like bacteria or other microbes) swimming around in i,

The Way that Potable Water is Produced Depen:ls on Where You Are

or ag groundwiter (in rocks called ﬂﬂ'i[{ﬂr_‘_‘:: H'm-l hﬂp water underground).
3) In the UK, -Ehn source of fresh water unad dnpmda oh location. Surface water tends iﬂ dry ug first, s0

rMthi&a_hejhnm&aH&%hchﬂHmhﬂumd 'l'l'iupmnmincludm

* Hiiration — a wire mesh screens out large Wigs efc, se—— ek
and then gravel and sand beds filter out any other solid bifs.
» Bierilisation — the water is sterilised o kill any harmful &imww
bacteria or microbes. This can be done by bubbling chiorine
gas through it or by using ozone or uliraviclet light. * soeibants
5} In some very diy countries, e.g. Kuwait, there's nol enough SETTELLETE R T T LRIy
surface or groundwsater and inctead soowslar must be = Chemicak: can also be added o the water =
treated by resalination to provide potable water. = ;mf%:iuﬂ M'_ﬂ[:ﬁi -
8) Dectillehion can be used to decslinate ceawator. e T
7) You can fesi and purify a sample of water in the lab using disfillation: =  whether they consume them or not. =

TR LR PP e TR R TV LT RVARALN
» First, test the pH of the water using a pi meter. If the pH is foo high or foo low, | Priacy,. )

you'll need to neuiralics i, ‘fwdnﬂ'istqnddingmmid{ifﬂmwmn'adkdlm} — ]
or some alkali (i the sample’s acidic) undil the pH ks 7.

=  Bef up the equipment as shown in the diagram on the right. ..H o i Rack
*  Ag the water in the flask heate up, H1l svaporate W

{become & gas) and will enfer the condenser as siean:. cold water in i b
* The drop in temporsiurs inside the condenser, due to the cold water 5 h

around it, will cause the steam fo conderse back into Bguld waien ik M@"‘“’g
»  Collect the water running out of the condenser in a beaker, Rk .
* Retect the pH of the water with a pH meter to check H's neutral. AP
*  You can tell whether there were salis in your inifial sample by looking 1o see whether frurmer

there are any crusisls in the round boHomed flack once the water's been distiled.
8} Seawater can also be freated by processes that use membranes — like reverse psmosis.
The salty water iz passed through a membrane that only allows water molecules to pass through.
lone and larger molecules are frapped by the membrane so separated from the water.
9} Both distilation and reverse csmosis need loods of enerpy, so they're
reafly expencive and nol practicsl for producing large quandities of fresh water.

Potable water — nothing to do with gardening...
Distilling salty water could be useful if you ever end up stranded on a desert island. Oh, and for your exams.
Q1 Describe the steps used to treat fresh water to make it potable. [2 marks]

Topic C10 — Using Resources



165

Waste Water Treatment

It might not be preffy, but dealing with our waste is really important to ensure that we don't pollute the
natural ehvironment — i also means that we can access pice clean water. Super.

Waste Water Comes from Lots of Different Sources

1} We use water for lote of things at home — like having a bath,
going 1o the foilet, doing the washing-up, etc. When you flush
thiz water down the drain, i goes info the sewers and fowards
sewage freatment planis.

2} Agriculiural systems also produce a lot of waste water including
nutrient run-off from fields and slurey from animal farms.

3) Bewage from domestic or agricultursl sources has fo be frested to remove anu organd

matter and harmful microbes before H can ba put back hhfradm!armllmm
of [akez. (Hhorwize H would make them very polluied and would pose health rcks.

4) Industrisl processes aleo produce a lot of waste water that has to be collecied and hreated.

E) A= well az organic matter, industrial waste water can aleo condain harmful chemicals — so it has
o undergo sdditiona! siages of reatment before it is safe to release # info the environment.

Sewage Treatment Happens in Several Stages
Bome of the processes involved in freating waste water af sewage treatment plants include:

1) Before being frested fhe sewage is (IEEEED
sereened — this involves removing —
any larpe bits of material (like twigs or
plastic bags) as well as any grit. ude

2) Then #'s allowed fo stand in a setlement tank
and undergoes sedimentafion — fthe heavier
suspended solide sink fo the botiom {o produce
sludga while the lighter effluent floats on the fop.

3) The effluent in the setlement fank is pamoved and freated by biological aerobic
digestion. This iz when air iz pumped through the wafer to encourage serobic bacteds
mhmdrdumu-nu organic matter — ineluding other microbes in the water.

4] The gludge from the boHom of the sefflement tank iz aleo removed and transferred info
large tanks. Here H gets broken down by bacteris in 8 process celled anserchic digesfion.

5) Ansercbic digesfion bresks down the organic matier in the sludge, releaging ! !' gy ‘l:;'t"':‘::‘:;;" M
meethane gas in the process. The methane gae con be used as an snergy axygen, whereas anserbic
source and the remalning digested waste can be used &z a ferfiliser. mieans without

R T TR

B8] For waste water confaining foxic subsiances, sddifional stages of treatment may
adding chemicals (e.g. to precipitate metals), UV radiafion or using membranes.

Qowage treatment regquires more processes then treating fresh water but uses lecs energy than
the dezalination of salt waier, so could be used as an alternative in areas where there's not
much fresh water. For axample, Singapore is treating waste water and recycling i back info

drinking supplies. However, people don't like the idea of drinking water that used o be sewage.

NN
Filpigek

Is it just me, or does this page stink? Phew...
Muodern sewage systems have done wonders to make life much less... well... smelly.

1 MName and describe the first two stages of waste water treatment -_*. -
at a sewage treatment plant. [2 marks] .

Topic C10 — Using Resources



166

Revision Questions for Topics C9 & C10

That's all for Topice CO and C10, so here are some quesfions o fry. LIV LA ELENI flr | i

4 i z For even more prachice, try the =
+ Ty these questions and fick off each onhe when you get it right. = Retrieval Quirzes for Topics (9 =
=  When you're completely happy with a sub-fopie, fick i off. E,fﬁﬂ'f'd;ﬁﬁfﬁ"ﬂ'ﬁ?,ﬁﬁﬁ

The Evolution of the Atmosphere (p.157) | |
1} How do sclentists think the atmosphere was formed

during the first billion years or so of Earth's history?
2} MName five geses that scientists think were present in the early stmosphere.
3) Describe how the levels of carbon dioxdde in the atmosphere were reduced.
4} Write the balanced chemical equation for photosynthesiz.
L) BHate the approximate composifion of the atmosphere foday.

Pollution and Climate Change (p.158-160) D

8) Name three greenhouse gaces.

7} Explain how the greenhouse effect works to keep the Earth warm.

8) State three ways in which human activity iz leading to an increase in carbon diodde in the atmocphere.
8) What iz a carbon footprind?

10} Explain why reducing carbon dioxide emissions can be a difficult issue.

M) Describe how the following air pollutants are produced:
a) parficulstes, b) carbon monoxdde, ¢} sulfur dicdde, d} nitrogen oxides.

12) Why k= earbon monoxide dangerous?
13) Explain how acid rain forms.
14) State fwo problems caused by acid rain.

Chemistry and Sustainability (p.161-163) [ |

15} Give two examples of renewable resources.

18) Buggest one way in which chemiztry e improving sustainability.

17} Btate fwo methods that can be used {o exiract copper from low grade ores.
18) her than recycling, how can glass botfles be used in a sustainable way?
19) What do life cycle assessments (LCAs) do?

20} Give one problem of life cycle assessments.

Potable Water and Waste Water Treatment (p.164-165) D

21) What iz potable water?

29) Buggest a source of fresh water.

23} Deceribe how you could distil seawster in the lab.

24) What other method could you use for making sea water potable?

25) Name three different sources of waste water.

28) Why is i important to freat waste water before releasing i info the erwironment?
27) What fype of waste water could contain harmful chemicals?

28) What two products can be obtained by the anaercbic digestion of sewage sludge?

DO0O000040 000000 0odoo O00ood . doooo
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Energy Stores and Systems

Energy is never used up. Instead i's just iransferred between different energy stores and different objects...

Energy is Transferred Between Stores
When energy is fransferred fo an object, the energy is stored in one of the objeet's snergy stores.

The energy siores 1) Thermal energy stores B) Chemical energy stores
gt e 1o v . e 2} Kinstic energy stores 8] Magnetic energy stores
3} CGravitational potential energy stores 7)) Elecirostatic energy stores
4) Elastic polentisl energy stores 8) Nuciesr energy stores
Energy is transferred mechanically (by a force doing work), slectdcally (work done 00 000000y,
= You may aka see thermaf =

by moving charges), by heaiing or by radiation (e.g. light, p-220, or sound).

2
¢
§
£

i Idernal energy stores, =
R S T T

il

When a Syﬁtem Changes, Energy is Transferred |
1) A zystem is just a faney word for a single object (e.g. the air in a piston)

or & g";-:‘:ug of obiecis (e.g. two colliding vehicles) that you're inferested in.
2) When a system changes, snergu ks tronsferred. |t can be transferred into or sway from the
system, between different obiscis in the system or between different types of energy stores.

3) Closed systems are systems where neither matter hor energy can enter or leave.

Energy can be Transferred by Heating...
1} Take the example of boiling water in & ketfle — you can think of the wafer as
the system. Eneegy iz fransferred to the water (from the ketile's heating element)
by beating, into the water's thermal energy store (causing the temperature of the water to Hoe).
2) You could aleo think of the kettle's heating element and fhe water together 8z a
two-object system. Energy is transferred electrically to the thermal energy store of the
kettle’s heafing element, which fransfers energy by heating fo the water's thermal energy store.

-..or by Doing Work |

1) Work done is just another way of saying energy fransferred — fhey're the same thing.
2} Work can be done when current flows (work is done against resiclance in a circult, see p.179)
ot by a force moving an object (there's more on this on page 203).

The irifial force exerted by a person o A ball dropped from a height is accelerated
throw a ball upwesds does work, | causes by gravity. The gravifational force does work.
an energy transfer fron, the chermicsl i causes energy fo be fransferred from
energy siore of #he person’s amm fo the gravitational ahifial energy

kinediz energy store of the ball snd arm. :

The friclion between a cor's brakes and e wheels does work as i slows down.
It causes ah ehergy trancfer from the wheels' kinetie enerpy PR e e ,‘_ﬁ
stores o the thermal energy store of the surroundings. tramser of energy

In & collision between a car and & stationary object, the normal condact force between the car
and the object does work. | causes energy to be fransferred from the car's kinetic energy store
to other energy stores, e.g. the slsstic pofential and thermal energy sfores of the object

anhd the car body. Some energy might also be transferred away by sound waves.

grasitational force

Hll this work, I can feel my energy stores being drained...
Energy stores pop up everywhere in physics, the pesky scoundrels — make sure you understand them.
Q1 Describe the energy transfers that occur when the wind causes a windmill to spin. [3 marks] R'efisd
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Kinetic and Potential Energy Stores

Now you've got your head around =nergy stores, s fime fo see how you can calculate the amount of energy

in fhres of the most common ones — kinefic, graviiations! potendisl and elastic poienifal energy sfores.

Movement Means I:nerg'y inan Dhiect‘s Kinetic Energ‘r Store
when an ohject _@g_ug and is hﬂ'ﬂfﬂf&ﬁ_ﬁﬁﬂ'ﬂ this nimuwlm an object gkﬂa dow.

2) The energy in the kinsfic energy store depends on the object's mass and speed.
The greater iis mass and the fasier #'s going, the mors energy there will be in ifs kinefic energy store.

3) There's a slightly tricky formule for i, so you
have fo concentrate a litfle bif harder for this one.
A car of mass 2500 kg is travelling at 20 m/s.
Kinetic energy (J] (Speed)? Calculate the energy in its kinetic energy store.

RN YN TR TS IARTIT I {rn.n"s,'l" E‘=E125C“D!20"=5QGDDUJ
— B means % ow omoe 2 s )
"'rrli””IHrierIIrlll“

Ralsed Dhje::ts Store Energ'jr in Gravitational Potential Energ? Stores

1) mmnhjmihaﬂm field requires work. This causes a trancfer of energy
il podentio Erﬂﬂ{ﬂp&}mﬂﬂfﬂmmﬂdm
Thﬂl’!ﬂﬂﬂmnhjm'lhﬂﬁnd the more energy is fransferred fo this store.
2) The amount of energy in a g.p.e. store depends ape )
on the object's mass, Hs heighi and the sfrength
of the gravitational field the object ks in {p.202).

3) You can use this equation to find the change in energy
in an object's gravitational potential energy store for a change in height, h.

. Falling Objects Also Transfer Energy

1} When something fells, enargy from Hs grovitational potendial
energy store is fransferred to Hs kinefic energy store.
2) For a falling object when there's no air resistance:

Energy koot from fhe g.p.e. store = Energy gained in the kinefic energy store

3) In real Ife, air reststance (p.210) acts against all falling objects —

i causes some energy fo be fransferred to other enerpy stores,
e.g. the thermal anergy stores of the object and surroundings.

Height {m)

Mass (kg) Gravitational field
strength {MN/kg)

Stretching can Transfer Energy to Elastic Potential Energy Stores

Sireiching or sguashing an object can fransfer energy fo
He glaglic pﬂfeqﬁqi _BhEerpy. Sfl:n'\e

Spring constant [M/m}

Elastic potential

excaedad (p.205) energy in the slactic potential energy ()
energy store of a siretched spring can be found using:

{m)*

Make the most of your potential — jump on your bed...
Wow, that's a lot of energy equations. Make sure you know how to use them, and remember that the energy
in an object's kinetic energy store only changes if its changing its speed. Mow have a crack at this question...
o1 A 2.0 kg object is dropped from a height of 10 m.

Calculate the speed of the object after it has fallen 5.0 m, assuming there is no air resistance.

Give your answer to 2 significant figures, g— 9.8 Nkp. [5 marks]
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Specific Heat Capacity

SOpeciic heat capacity & really just a scencey way of saying how hard i is 1o heat something up...

]]iffe:ent Materials Have Different Specific Heat Capacities

1) Mgmﬁhhnhﬂmﬂhihnﬂmﬂmgmdmm
LT EasE serature than others. E.g. you need 4200 J to warm 1 kg
n»fwainrhgl"ﬂ bulm-nbdlﬂﬂlinmnlkguf mercury by 1 °C.
2} Materials that need to gein lots of energy in their thermal energy stores fo warm up also
transfer loads of energy when they cool down again. They can "siore” a lot of energy.
3) Specific heat capacity iz the smount of energy needed fo raise the temperature

of | kg of a subsfance by 1 “C. : Prnes G ;
4) Here's the equation that links energy Sy *.(hg)  Spuaific biust capadity (fkg"C)

transferred to specific heat capacity: energy )~ SN P | Temperature
(the A's just mean "change in"). change ("C)

You Can Investigate Speciﬂc Heat Capaclties L l;ﬁic'ffc&

Ij To investigate a solld material [e.g coppar), uuu1r need a tlf.:ck of
the matedal with fwo holes i if (for the hester and (hermometer to go into, see below).
2] Measure the mzse of the Llock, then weap H in an power supply
inculating layer (e.g. a thick layer of newspaper) to reduce
the energy transferred from fhe block fo the surroundings.
Insert the fhermomeier and heaster as shown on the right.

3} Measure the iniiial terpersture of the block and sef the

Turn on the powar m.lpplu and siart a sfop watch.
4) When you turh on the power, the current in the circuit (i.e. the
maoving nlmrgun] does work on the heater, irahnFaHihg ehergy

i.'.l:-:.r.'-l-f;n_l:l;.ﬂfﬂlﬂf’n thermal energy store bu healing, nﬂuﬁnﬂ iha maiu-lﬂ'n temperaturs fo Increase.
E) As the block heats up, {ske readings of the femperature and current, |, suery minute for 10 minufes.
You should find that the current through the eircuit doesn't change as the block heats up.

8] When you've collected enough readings {Iﬂ ghudd do i), fun i:-ff the pmm- supply. Using your
power supplied to he heater, using P = VI (p.1 133} You can use tis o nﬂlﬂuhﬂﬂ how much energy,
E, has been fransferred 1o the heafer at the fime of each tempersture reading using the formula £ = P,
where { iz the fime i seconds since the experiment began.

7} W you assume all the enerpy supplied to the heater has been francierred to the
bilock, you ean plot a graph of enerpy frarsferred to the thermal energy
store of the block againet temperature. i should look something like thiz: =3=
(you may or may not pet the curved bit af the beginning, don't wm-rg about H).

8) Find the pradierd of the straight part of the graph. Thisis S0 - &

You know from the equation above thet AF = meddl Bl:-ﬂmspenmﬂhaul Eriay Sndaed 7}
capacity of the material of the block is: | — (pradient = the mass of the block),

9) You can repeai this experiment with different maierdals \||||JI1|H|I.|'|II1'|I'IHI]IIII.I'lIIIuL'I-II.II-II'uIIJ',

z alko investigate the specifc heat caparity of
to see how their specific heat capacities compare. E:"'u::*“"' L 'FIM 5’:1 end thermometer in an

irenukated beaker Flied with & knoem mass of th liguid 3
I||-!'||l'||||IITIJ'||-|1I|||.I1I-|1II||IIII'|'||'|i|.l

I've eaten five sausages — I have a high specific meat capacity...
The specific heat capacity equation looks tricky, but like all equations. it's easy to use when you know how: E

Q1 Find the final temperature of 5 kg of water, at an initial temperature of 5 °C, after 50 kJ Qi ¥ideo
of enerpy has been transferred to it. The specific heat capacity of water is 4200 Jke”C. [3 marks]

Temperature / °C

RALLRRREY

-"'.'|||II
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Conservation of Energy and Power

Repeat after me: energy is NEVER destrogyed. Make sure you learn that fact, H's really important.

You Need to Know the Conservation of Energy Principle

) The conservation of aen UM Energy can be frensferved usefully, stored or dissipated,
T

2) When energy is fransferred betwean stores, not all of the energy is fransferred usefully info the store
that you want H fo go to. Some energy is always dissipafed when an energy trancfer takes place.
3) Dissipated energy ie sometimes called "wasied snergy’ because the energy is being stored in
a way that is pot useful (usually energy has beeh trancferred into thermal energy stores).
A mobile phone iz a sustem. When you use the phone, energy is usefully fransferred
hnihncimmica]um-ﬂgnlmnfﬂuharerghi‘l’mp&m& E.ﬁmufﬂ'is

{you may have nmimd your phone feels warm i you've been using i for &whlu].

4} You also need to be able to describe energy transfers for closed systems:

A cold spoon is dropped info an insulated Rask of hot soup, which s then sealed. You ean sssume
that the flagk iz a perfect thermal insulator so the spoon and the soup form a closed oystem.
Energy iz fransferred from the thermal energy store of the soup fo the useless thermal energy
store of the spoon (causing the soup 1o cool down slightly). Energy trancfers have occurred within
the system, but ho energy has left the system — so the net change in energy is zero, p.167.

Pﬁwer is the ‘Rate of Ddinﬁ Wnrk’ — i.e. How Much per Second

1) Power is the rate of enerpy fransfer. or the rate of doing work.
2) Power iz messured in watfs. One watt = | joule of enerpy trancferred per second.

3) You can calculate power using these equations:

Energy transferred {J) Work done (])
Pawer (W) Power (W)
Time (s} Time (s}

4) A powerful machine iz not necessarily one which can exert a strong force (although # usually ends up
that way). A powerful machine is one which fransfers a lot of enerpy in a short spece of time.

Take two cars that are idendical in every way apart from the power of their engines.
Both cars race the same distance along a straight race frack o a finish line.

The car wih the more powerful engine will reach the finish line fesier than the
other car — ia. i will transfer the seme amount of energy but over less time.

It takes 8OO0 | of work to lift a stunt pﬂfnmu'mﬂmtnpn‘faﬁ-uﬂding. Motor A can lift the
stunt performer to the correct height in 50 . Motor B would take 300 s to lift the performer
to the same height Which motor is most powerful? Caleulate the power of this motor.
1) Both motors transfer the samie amount of energy, but motor A would do it

guicker than motor B. So, motor A is the more powerful motor.

2} Plug the time taken and work done for motor A into the equation P = W = t and find the power.
P=W=t=B8000 +50 =160 W

Energy can’t be created or destroyed — only talked about a lot...
Remember, when energy is wasted it's not destroved — it still exists, it just isn't stored usefully anymore.
Qv A motor transfers 4.8 kJ of enerpy in 2 minutes. Caleulate its power output. [3 marks] &

Topic P1 — Energy



171

Reducing Unwanted Energy Transfers

There are a few ways you can reduce the amount of energy scampering off fo a complefely useless store
— lubrication and thermal insulafion are the ones you need to know sbout. Read on...

Lubrication Reduces Frictional Forces
1) Whenever something moves, there's usually af least one frictional force acting against i (p.210).

Thiz causes some energy in the system to be dissipated (p.170), e.g. air resisiance can
trancfer energy from a falling object’s kinefic energy store to Hs thermal energy sfors.

2) For objects that are being rubbed together, lubricants can be used o reduce the  sooeninnnse
friction between the objects’ surfaces when they move. Lubrcants are usually - 5"'_';"“:;! “d‘“"'::: =
liquids (like oil), so they can flow easily between objects and coat them. e

Heiling‘ Can Occur by Conduction and Convection

1) When an chject iz heated, ehergy is francferred to the kinefic snergy stores of He parficles.

2) This causes the parficles o vibrate more and to collide with each other. During these collisions,
energy iz fransferred between the particles’ kinetic energy stores. This s conduction.

3) Thermal conductivity = a measure of how guickly energy ie transferred through a material in this way.
Materialz with a high thermal conductivity transfer energy between their paricles af o facter rate.

4} If the particles are free to move (e.g. in 8 gas or a liquid) the parficles
moving facter means that the space between individual particles increases.
Thiz causes the dencity (p.192) of the region being heated to decresse.

E) Because liquids and gases can flow, the wartmer and less dense region will Hee above denser, coclar
regions. Bo energetic parficles move away from hotier to cooler regions — this ke convection.

Insulation Reduces the Rate of Energy Transfer by Heating

The last thing you want when you've made your house nice and toasty iz for that energy fo
pzeape outside. There are 8 fow things you ean do to prevent energy locses theough haating:
+  Hawve [hick waolls that are made from a material with a fow thermal conductivii. SR LT g,
The thickor the walls and the lower their hermal conductivity, the slowss Reduseing the difference =
the rate of energy transfer will be (so the building will cool more slowly). h"":“;:" j: bt ity
+  Useo theresl oulehion.  Here are some examples: hoase will also reduce the

rate of energy transfer.
"IIIHJJIIHII'IIHHII‘\

AlAFTIREIRLY

sl enind

1} Bome houses heve cavity walls, made up of an inner and an outer wall with

where the cavity wall air gap is filled with a fosm, can also reduce
energy transfer by convection in the wall cavihy.

2} Lol insulafion can reduce convecfion currends (8 cucle
cooling and then sinking) being ereated in lofts.

3) Double-glared windows work in the same way as cavity
walls — they have an sir gap befween two sheefs of glass fo
prevent energy transfer by conduction through the windows.

4) Drsught excluder: around doors shd windows

reduce enerpy transfers by convection.

Bundle your brew in newspaper to stop it going cold...

Understanding conduction and convection is really useful. especially when explaining how to stop unwanted
transfers. Have a go at naming as many methods for reducing energy transfers as you can, then try this question.
Q1 Explain how cavity wall insulation reduces the amount of enerpy transferred out of a house. [3 marks]
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Efficiency

Morel Morel Tell me more about energy fransfers pleagel Oh go on then, since you insist...

Most Energy Transfers Involve Some Waste Energy

1) Useful devices are only useful because they can fransfer energy from one sfore fo another.

2) As you'll probably have gathered by now, some of the fnput ehergy s usually
wasted by being francferred fo a useless energy store — usually & thesmal energy store.

3} The less energy thet is "wacted" in this energy store, the more efficlent the device iz said fo be.

4) You can jmprove the efficiency of energy francfers by insulating objects, lubrcating them or making
them more streambined (see pagas 171 and 210).

B) The efficiency for any energy transfor can be worked out using this equation: —

rr
Jlllrl'“]‘”“|I

=

U can gf.w

Useful output energy transfer E b b 3

L = ———————— e —————— 2 your AN Mgl
Efficiency Total input energy transfer :ﬁ: “"'ffiby 10010 get o =
JIHr”“ Qiz-"ur L :—

L
Flapyg

VRlan g

8} You might not know the energy inputs and cutpufs of a device, but you can still
caleulate Hs efficiency as long as you know the power input and outpud:

Useful power output

Efelaney = Total power input

A blender is TO% efficient |t has a total input power of 600 W.
Caleulate the useful output power.

1} Change the efficiency from a percentage to a decimal  efficiency = TO% = OF
2} Rearrange the equation for useful power output. useful power output = efficlency » total power input
=00 = 600

3] Stick in the numbers you're given.
i -20W

Useful Energy Output Isn’t Usually Equal to Total Energy Input

1) For any given example you can talk abouf fhe fypes of energy being input
and ouiput, but remember: NO deviee is 00 efficient and the wasted
energy is usually fransferred to useless thermal energy stores.

2) Eleciric heaters are the exception to this. They're usually 100% efficient
because all the energy in fhe electrostatic energy store is fransferred fo
"useful" thermal energy sfores.

3] Ulimately, all energy ends up fransferred to thermal energy stores.

For example, if you use ah glectric drill, He energy fransfers to lote of
different energy stores, but quickly ends up all in thermal energy stores.

Make sure vou can use and rearrange the equations for efficiency, then have a go at these questions.
Q1 A motor in a remote-controlled car transfers 300 J of energy into the car's energy stores.
225 J are transferred to the cars kinetic energy stores.
Calculate the efficiency of the motor.

Q2 A machine has a useful power output of 900 W and a total power input of 1200 W,
In a given time, 72 kJ of energy is transferred to the machine.
Caleulate the amount of energy usefully transferred by the machine in this time. [4 marks]

[2 marks] |
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Energy Resources and Their Uses

Energy resources, both renewable and non-renswable, are mostly used fo generate slectriciy.
There's loads more on how over the nexd few pages, but fwo other major uses are fransport and hesting.

Non-Renewable Energy Resources Will Run Out One Day

Non-renewsable energy resources are fossil fuels and nuclear fuel {uranium and plutonium). Fossil fusls sre

natural resources thaf form underground over millions of years. They are typically burnd fo provide energy.
The three main fossil fuels are:

1) Coal *  These will all 'run out’ ohe day.
2) oil *  They &l do damage to the envircnment.
3) (Natural) Gas »  But they provide most of our energy.

Renewable Energy Resources Will Never Run Out

Renewable anergy resources are: +  These will nover run out — the energy

1} The Bun (Solar) can be "renewed as if s used.

2) Wind 5) Bio-fuel + Most of them do damage the environment, bui
3) Water waves 6} Tides in less nasty ways than non-renewables.

4] Hydro-sleciricity 7) Geothermal +  The frouble is they don't provide much enerpy and some of
them are unrelisble because they depend on the weather.

Energy Resources can be Used for Transport...

Transport i ohe of the most obvious places where fuel is used.
Here are a few transportation methods thet use eifher
renewable of non-renewsble energy resources:

q8 '|II'IJ|IllIII14lII|'||l'||l|.|I|||-|||-I|I|F‘l:_l
IIiEIIeuI:r.Itrnri{].- can almbcmdmpmrwk_nclu. [eg. trase
and some cars). It can be genenated using renewaldle ar

namn-renewable energy FESOUTIE. p1M-1T6] \
r||||||||||I.r||'||1l||1?:|'I1||III.Irl.fII.1I'IHI.1iIIl.""-
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NON-RENEWABLE ENERGY RESOURCER

* Peirol and diesel powerad vehicles RENEWABLE ENERGY REGOURCED
(including most cars) use fuel created from ol Vahicles that run on pure bic-fuels (p.176)
* Coal iz used ih some old-fashioned steam or 8 mix of a bio-fusl and petrol or diesel
traing to boil water to produce sfeam. (only the bio-fuel bit is rerewable, though).
...AAnd for Heating
Energy resources are also needed for heating things like your home.
NON-RENEWABLE ENERGY RESOURCES RENEWABLE ENERCY RESOURCES
= Natural gas is fhe most widely used fuel for * A peothermal (or ground source)
heafing homes in the UK. The gas is used heat pump uses geothermal energy
to heat water, which iz then pumped into resources (p.174) fo heat buildings.
radiators throughout the home. * Bolar water heaters work by using
= * Coal iz commonly burnt in fireplaces. the sunh to heat water which iz then
called storage heaters) which s  Burning bio-fusl or using slectriciy
use slectricity generated from generated from renowsble recources
non-renewable energy resources. can alzo be used for heating.

I'm pretty sure natural gas is renewable — I make enough of it...
You need to know the difference between the two different types of energy resource, so get cracking.

o1 Write down whether each of the following are renewable or non-renewable energy resources.
a} Tidal power b) Matural gas ¢) Muclear power d} Bio-fuel [4 marks]
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Wind, Solar and Geothermal

Renswable energy resources, like wind, solar and pecthermal resources, will not run out. They don't generate
88 much geciricify as non-renewables though — if they did we'd sl be using solar-powered foasters by now.

Wind Power — Lots of Little Wind Turbines .

I
2)

3)
4)

5)
8)
7

8)

)

2)
3)
4)

5)
8}
7

Thiz irvolves putling lods of wind furbines up ih exposed places like oh moors or round cooasis.

Each turbive has a gonesator inside H — the rotafing
blades furh the genarator and produce cloctriciiy.

But they do =poil fhe view. You need about 1500 wird furbines to replace one coal-fired power
slation and 1500 of them cover g loi of ground — which would have a big effect on the scenery.

And they can be very noisy, which ean be anhoying for people fiving nearby.

There's also the problem of the turbines stopping when the wind stops or if the wind ks foo strong, and
it's Impossible fo increase supply when there's exirs demand.

On average, wind turbines produce electricity 70557 of the fime.
The inifial costs are quiie high, but there are

nio fuel cosis and minimal ronndng cosis.

There's ro permanent damage o the landscape — i you retove
the furbines, you remove ihe noise and the yiew refurns fo normal-

Solar Cells — Expensive but No Environmental Damage | S met

Solar cellz generate electric currenfs directly from sunlipht. Solar cells are often the best source
of energy to charge batferles in celculators and weiches which don't use much electriciy.

folar power iz often used in remote places where there's nof much choice

(e.g. the Ausiralian outhack) and fo power elechic road signs and satellites.

There's no pollufion. (Although they do use quite a lot of energy fo manufacture in the first place.)
In sunny countries solar power is a very reliabde source

of energy — but only in the dayfime. Solar power can sfill
be cost-effective even in cloudy counides like Britain though.

Like wind, you can'f increase the power output when there is exira demand (p.189).
Inittal costs are high but after that the energy is free and running costs almost nil.
Solar cells are ususlly used fo generate electricity on a relatively small scale.

Geothermal Power — Energy in Underground Thermal Energy Stores |

n

2)
3)
4)

This k= possible i voleanic areas or where hot rocks lie quite near fo the surface. The source of much of
the energy ie the slow decsy of various radicactive slements, including uranium, deep inside the Earth.

This ts actually brilliant free energy that's reliable and does very lithe damage fo the environmend.
Geothermal power can be used fo generate elecidciy, or to heal bulldings directly.

The main drawbacks with geothermal power are that there aren't very many

suitable locations for power plants, and that the cost of bullding a power

plant iz often high compared fo the smount of energy it produces.

People love the idea of wind power — just not in their back yard...
There are pros and cons to all energy resources. Make sure you know them for solar, wind and peothermal.

Q1

Explain why geothermal power is more reliable than wind power. [2 marks]
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Hydro-electricity, Waves and Tides

Good of' water. Not only canh we drink i, we can also use it fo generafe eectriciiy. H's easy to get confused
between wave and fidsl power as they both iwolve the seaside — but don't. They are completely different.

_ﬁ?drn-electric: Power Uses Falling Water .

n

2)

3)
4)

5)
6)

Wave Power — Lots of Little Wave-Powered Turbines

)
2)

3)
4)

Hudro-electric power usually requires the flooding of
a valley by huilliﬁg a big dam. Water iz allowed out

But there iz a Lng impact nnfhn wh—ohmenj |:|ua

to the flooding of the velley (roting vegetation . i
releases methane and CO,) and possible loss of Pmbl«mifm SOme species [nmnn-iinua-‘r‘lm loss

of whole villages). The rezervoirs can also look very unsightly when they dry up. Putting
hydroelectric power stations in remote velleys tends to reduce their impact on humans.

A big adventage ke it can provide an mmediste response fo an inereased demand for electriciy.
There's no problem with reliability excapt in fimes of drought —

but remember this is Great Britain we're falking about.

Initial cocste are high, but there are no fuel costs and mininial Funning costs,

H can be a useful way {o generate electrichy on a gmall scale in remots areas.

You need lots of small wave-powered turbines located around the coast.
Likke: with wind power (p.174) the moving furbines are conhected o a generator.

There is ho pollution. The main problems are disturb )
hﬂfﬂfﬂfunfmﬂlmmhggmihaﬂmldhﬁngahmwdmbuﬁs
They are fairly unreliable, since waves tend to die out when the wind drops.

Inifial costs are hiph, but there are po fuel costs and minimal running costs. Wave power
ks never likely to provide energy on a large scale, but it can be very useful on small islands.

Tidal Barrages — 'lIsi.ng: the Sun and Moon's Gravity |

]

2)

3)
a)

5)

8)

The hydro-electric power you’re supplying — it's electrifying...

Tidez are used in lote of ways to gonorate eleciricity.
The most common method iz bullding a fidal barrage.
Tidal barrages are big dams built across

river estuaries, with turbines in them.

As the tide comes in if fills up the estuary.

The water iz then allowed out through turbines at & controlied spead.

Tides are produced by the gravitational pull of the Bun and Moon.

There is ho pollufion. The main problems are preventing free sccess by boats, spoiling the view and
altering the habiat of the wildliife, e.g. wading birds, sea creatures and beasties who live in the sand.
Tides are prefty reliable in the sence that they happen twice a day without fall, snd slways near fo the
predicted height. The only drawback is that the height of the fide is variable so lower (heap) fides will
provide significantly less energy than the bigger "spring’ fides. They also don't work when the water level
iz the same either side of the barrage — this happens four fimes a day because of the fides.

Initial costs are moderately high, but there are ho fuel cosfs and minimal running costs.
Even though # can only be used in some of the most suitable estuaries thdal power

has the potential for generating a significant amount of energy.

Learn the differences between all of these water-based resources before having a go at this question.

Q1

Give one negative environmental impact of wave power. [1 mark]
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Bio-fuels and Non-renewables

And the energy resources just keep on coming. s over coon, | promize. Just a few more fo go.

Bio-fuels are Made from Plants and Waste

1) Bio-fuels are renewable energy resources created from either plant products or animal dung. They can
be solid, llquid or gas and can be burnt fo produce electricHy or run cors in the same way as fosoil fuels,

2) They are supposedly carbon heutral, although there iz some debafe about this as s
only really true if you keep growing plants st the rate that you're burning things.

3} Bio-fuels are fairly refiable, as crops take a relatively chort fime fo grow and different crops can be
grown all year round. However, they cannot respond to immediste snhergy demands,
To combat thiz, bio-fuels are continuously produced and sfored for when they are needed.

4) The cost fo refine bio-fusls ks very high and some worry that growing crops specifically for bio-fuels
will mean there isn't enough space or water o meet the demands for crops thet are grown for food.

B} In some regions, large areas of forest have been cleared to make room to grow ﬁ
bio-fuels, resulfing in lots of species loging their natural habitats. The decay 5
and burning of this vegetation also increases £ and methane emissions.

[ Non-Renewables are Reliable...

1) Foszsil fuels and huclear energy are refisble. There's anough fossil and nuclear fuels to meet current
demand, and they are extracted from the Earth at a fast enough rate that power plants slweys have
fusl in stock. This means that the power plants can respond guickly to changes in demand (p.189).

2) However, these fuels are slowdy running cut. If ho hew resources are found,
some foseil fuel stocks may run ocut within a hundred years.

3} While the set-up cosis of power plands can be quie high compared to some other energy
resources, the running costs aren't that expensive. Combined with fairly low fuel exiraction
costs, using fossil fuels iz a cost effactive way to produce energy (which iz why i's so popular).

..;Ent Create Envﬁonmenﬁl_l'-r&hlems :

1) Coal, ofl and gas release CO, into the atmosphere when they're burned. All fhis
€0, adds to the greenhouse effect, and contributes fo global warming.

2} Burning coal anhd ol also releases sulfur dicxide, which causes acid rain — which can
be harmful fo frees and solls and can have far-reaching effects in ecosystems.

3} Acid rain can be reduced by faking the sulfur out before the fuel i burned, or cleaning up the emissions.
4) Coal mining makes s mese of the landscape, especially "open-cast mining". As with
many ehergy resources, the view can be spoilt by fosgl fuel power plants.
E) Ol spillages cause serious environanental problems, affecting mammale and birds
that live in and sround the sea. We try fo avoid them, but they'll slways happen.
8} Muclear power is clean but the puclear wasta Is very dangerous and difficult to dispose of.
7)  Muclear fusl (e.g. uranium) is relatively cheap bt the overall cost of nuclear

power is high due to the cost of the power plant and final decommissioning. ="} "' !"i:'b‘e’::”g

8) HNuclear power slways carries the risk of a major catastrophe like the - dangerous to hum.u:i <
Fukushi ligast hlﬂlﬂh 'T_f—m:p-.fg'?ﬁ,m__'

= RN NS NN FRATE i

Bio-fuels are great — but don’t burn your bioclogy notes just yet...
Make sure you can talk about the reliability and any environmental 1ssues of using bio-fuels or non-renewables.
Q1 Give two benefits of power plants that use fossil fuels. [2 marks]

Q2 Deseribe the environmental impact of using oil as an energy resource for penerating electricity.  [3 marks]
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Trends in Energy Resource Use

Over fime, the types of energy resources we use changs. There are lots of reasons for this — breakihroughs
in fechnology, understanding more sbout how they sffect the environment or changes in cost are just a few.

\'\ILL'I1|-I|L|1IT'II|'IJ;_F

Currently we 5till Depend on Fossil Fuels | = Sen pIB9 for mose. =

N
2)

8)
a)

5)

People Want to use More Renewable Energy Resources '

y
2)

3)

4)

= about the supply and =
Over the 20th century, the electricity use of the UK hugely increased as the demand of electricily. =

populstion grew and people began to use eleciriciy for more and more things. TSI E L

This move towards renewable energy resources has been triggered by monu things...

We now know that burning fossil fuels is very demaging to the environment (p.78). This makes many
people want {0 use more renewsble energy resources that affect the environment less.

People and governments are also becoming increasingly aware that non-renewables will run out one
day. Many people think it's betier to learn to get by without non-renewsbles before this happens.
Pressure from other countries and the public has meant that governments have begun to infroduce
targets for using renewsble resources. This in turn puls pressure on gnerpy providers to bulld new
power plants that use renewable resources o make sure they do hot lose business and mohey).
Car companies have also been affected by this change in aHitude towards the

environment. Eleciric cars and hybtds (cars powered by two fuels, e.g. petrol and

electricity) are already on the market and their popularity s hereasing.

The Use of Renewables is Limited by Reliability, Money and Politics

1

2)

3)

4)

)

8)

There's a lot of sclentific svidence supporfing renewables, but although sclenfists can give advice, they
don't have the power to make people, companies or governments change their behaviour (see p.2).
Building new renewable power plants costs monsy, so some energy providers are reluctand to do this,
espectally when fossil fuels are so cost effective. The cosf of swiching to renewable power will have

to be paid, either by cusiomers in their bills, or through government and faxes. Bome people don't
want to or can't afford to pay, and there are arguments about whether i's ethical to make them.

Even if new power planis are built, there are argumenis over where to put them. E.g. many people don't
want o lve next to a wind farm, causing protests. There are arguments over whether H's ethical fo make
peaple put up with wind farms built hest fo them when they may not agree with the reasone for their use.
Bome energy resources like wind power are not as rellable as traditional fossil fuels, whilst others
canhol herease their power output on demand. This would mean etther having to use a combination

of different power plants (which would be expencive) or resesrching ways to improve reliability.
Resesrch on improving the relisbifify and cost of renowables fakes fime and money — # may be years
before improvements are made even with funding. Until then, we need dependable, non-renswable power.
Making personal changes can alzo be quite expensive. Hubeid cars are generally more expencive than
equivalent petrol cars and things like solar panels for your home are sfill quite pricey. The cost of these
things is slowly going down, but they are sfll not an opfion for many people.

Going green is on-trend this season...

So with more people wanting to help the environment, others not wanting to be inconvenienced and greener
alternatives being expensive to set up, the energy resources we use are changing. Just not particularly quickly.

Q1

Give two reasons why we currently do not use more renewable energy resources in the UK. [2 marks]
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Revision Questions for Topic Pl

Well, that wraps up Topic P1 — fime fo test how much you really know. E“NIFL:L::.:;::;;;EQ:L;IJ;"% jr—
+  Try these questions and fick off each ohe when you get H right. E_ Retrieval (e for Topic P1 --jm+_§ §
+  When you're completely happy with a sub-fopic, tick it off. s O - i

FITRNEL g RINNgh TR R LRI

rv_‘j
*

Energy Stores and Systems (p.167-168) [ |

1) Write down four energy stores.

2} Describe the energy francfers that occur as a ball falls to the ground.

3) Give the equation for finding the energy in an object's kinefic energy store.

4} If energy k= trancferred to an object's kinetic energy store, what happens to Hs speed?
E) Give the equation for finding the energy in an object’s gravitational pofential energy store.
8] What kind of energy store iz energy transforred to when you compress a spring?

Specific Heat Capacity (p.169) [_|

7) What is the definftion of the specific heat capacity of 8 material?

8} Give the equation that relates energy trancferred and speciic heat capacity.
9) Describe an experiment to find the specific heat capacity of a material.

Conservation of Energy and Power (p.170) [ ]

10) State the conservation of energy prnciple.

1) Define power and give fwo equations fo calculate power.

12] What are the units of power?

Reducing Unwanted Energy Transfers and Improving Efficiency {(p.171-112)
13) How can you reduce unwanted energy fransfers in a machine with moving, touching componenta?
14) True or falee? A high thermal conductivily means there iz a high rate of energy transfer.

15) Give four ways to prevent unwanted energy fransfers in a home.

18) True or falee? Thicker walls make a house cool down quicker.

17) What iz the efficlency of an energy fransfer? CGive the equation that relates efficiency 1o power.

Energy Resources and Trends in their Use (p.173-177) [ |

18) Name four renewable energy resources and four non-renewsble energy resources.

19} What iz the difference between renewable and noh-renewable energy resources?

20) Give an example of how a renewable energy resource iz used in everyday life.

) Explain whyj solar power is considerad fo be a fairly reliable energy rescurce.

22) True or falze? Tidal barrages are useful for sforing energy to be used during fimes of high demand.
23) Give two ways in which the erwironment can be damaged when using fossil fuels.

24) Give one environmental benefit of using nuclear power.

25) Explain why the UK plans fo use more renewable energy resources in the future.

00000000 OO0oo oo DOod doodod
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Current and Circuit Symbols

I¥'s pretiy bad news H the word current makes you think of delicious cakes instead of physics. Learn what i

mmmuﬂllaﬂmhﬂnd&gﬂg@hhd’m“ﬂmlhb&ﬂdgﬂﬁhndﬂuﬂ

o

<3, -u,-'" ST —?
5 .F ) .F ﬁ'
Current is the Flow of Electrical Charge “+ S YW -4“/ =
1) Eleciric current is 8 flow of slecirical charpe. Eectrical chuga
will orly flow round a complete (closed) circuit i there i a battery
potendial difference, so a current can only flow if there's a source - |
of potential difference. The unit of current is the ampere, A. | 'I —

2] Inazingle, chozed loop (ke the one on the right) the current

has the same value & are in the cireult (see p.183). i m:t/'\
3) Potential difference (or vollage) is the deiving fores that Rows

pushes the charge round. Ha unit s the volf, V.
4} Resistsnee ke anyfhing thet dows the Aow down. Unif: obim, L0
E} The current flowing through & component depends oh the polenticl

ara A

difference across it and the resistance of the eomponent (p.180).

The graaier the resistance scrocs 8 component, the smaller the current
that fiows (for & given potentisl difference soross fhe component).

Tutal Cha.rge Thmugh a Circuit Depends on Current and Tlme

Thnslz&nf-lhnmnnﬂnﬂmmfuufﬂmnf

charge. When currant flows past a point in
a circuit for a length of fime then the charge

Patential differcrce of "
aupply provides the ‘push’

—{ R }—

Mﬂmwﬂuﬂkﬂmﬂ

that has passed is given by this formula: A, battery charger passes a current of 2.0 A
- Current [A) through a cell over a period of 2.5 hours.
Charge ﬂw\m How much charge is transferred to the cell?
coulombs, C
pulatt Time: ) Q= lE=2.0 = (25 « 60 = 60)
Mors charge passes around the =18 000 C

circuit when a larger current flows.
Learn these Circuit Diagram. Sjrm.bnls _

_______ Make sure all
the wires in your cireul are gjrgggh* 'n-a-; and ihﬂ-Hhu circuft Is closed, La. uuu oan fdhw a Mmfmm ohe

end of the power supply. through any components, o the other end of the supply (ignoring any switches).

—|___

—®- |- |-@-

Cel Battery Switch open Switch closed | Flament lamg Fuse LED
+ + {ar bulls)
—|]— -—lf--—'l——cr‘“ o—|—o—0o— & ——
Resistor Varable resisbor Ammeter Waltmter Dinde LR Thermiztor

I think it's about time you took charge...
Practize drawing all of the circuit symbols above, even if you've seen some of them before.
It’s no good if you get asked to draw a circuit diagram and yvou can't tell a resistor from a fuse.
Q1 A laptop charger passes a current of 8 A through a laptop battery. Calculate, in minutes, how
long the charger needs to be connected to the battery for 28 800 C of charge to be transferred.
2 A student creates a simple circuit contaiming a battery, a switch and a bulb.
He connects them all in a single, closed loop. Draw the circuit diagram for this circuit.

Topic P2
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Resistance and V=IR

Ooh experiments, you've potta love 'em. Here's a simple sxperiment for investigating resistance.

There's a Formula Linking Potential Difference and Current

The formula linking pd and current iz very useful (and pretty commaon):

A 4.0 L) resistor in a circuit has a po‘tarnhul difference of

6.0 V across it What is the current through the resistor?

Rearrange V= IR to give I = V' = B, then substituts in the values you have.

\'ll”J”l||'|r.l||J|IIIJ||]|IJ||_1IU“I‘1__
Lse thes fovmiida Lrangle bo searrange st
cover up the thing you're trying to find, and
what's leit visibde i the formuly e afber

.flrllrllnuI.I.|||u11r|||1|11r“|1|||

=60 -40=15A

CULRINET)
b RN R

You Can Investigate the Factors Affecting Resistance

The resistance of a cireult can depend on a number of faciors, like whether components are in series
or parallel, p.185, or the lengih of wire used in the cireut. You can irwestigate the effect of wire length

uging the circult below. =
The Ammeter

with whatever you're investigating.
The Voltmeter

I} Measures the currend (in amps) flowing through the test wire.
2} The ammeter must slways be placed in ceries

LIII|||JIIlI'||iIIL|'-|II|IE
;'Satpﬂﬂ-'*!-'lﬂ‘lfmw-.ur'enn =
= spres and parallel drosts =
7II.|1IHL||||'||!'||||I.1II|'T

1) Measures the potential difference (or pd) across the fest wire (in volis).
2) The voltmeter must always be placed in parallel around
whatever you're investigating (p.184) — NOT arcund any

ﬂ"'l'ﬂ'h“ﬂ!'l‘hﬂ circuit, E.ﬂ. fhﬂ-llﬂ'l"iﬂ'g. 1',‘.”_I|,“-,””“-||-|:,,“-“,l'”.rﬂr_,‘._

1) AHach a crocodie dip o the wire level with 0 ¢m on the ruler.
2) Attach the second crocodile dlip to the wire, e.g. 10 cm away

from the first clip. Write down the lengih of the wire betwean the clips.

A than wire will give you the
st results. Pake sure it's as
siraight as possible so your length

measuremenls - Ang accurate. z
R R AR R ER RN ARA R

PITVRIN LY,
NN TAE]

L]

3) Close the switch, then record the currend through the wire and the pd across i.

4) Open the switch, then move the second crocodile clip,

than record the new length, current and pd.
E) Repeat this for 8 number of different lengths of the fest wire.

ANTLR|

B} Use your measurements of current and pd to caleulate the B R T YT

resistance for each length of wire, using R = V = [ (from V = IR).

,‘1_IJ|IJIIJ|I.lr|'|I-I'||lIlplll-rJIrIIIIII'H

e.g. another 10 cm, along the wire. Cloze the switch again, =

The vare may heat up duing the i
] ; q expenrnent,
whuh_mll affect its resistance (p181). Luye
the switch open for a bit beteeen readings to
ket the circuit cocl down,

TR E

LEN]

7) Plot a graph of resistance againet wire length and draw & line of best fif.

8) Your graph should be a siraight line through the origin,
meaning resistance is direcly proportional to length —
the longer the wire, the greater the resistance.

9) If your graph doesn't go through the origin, it could be because
the first clip lsn’t attached exsefly at 0 em, so all of your lengih
readings are & bit out. Thiz is a8 systematic error (p.5).

Measure gymnastics — use a vaultmeter...

You could also investigate the effect of diameter or material on the resistance of a wire. What fun.
o1 An appliance is connected to a 230V source. Calculate the resistance of the appliance

if a current of 5.0 A is flowing through it.

Topic P2 — Electricity
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Resistance and I-V Characteristics

There are three differend graphs o learn on this page — you have fo know how gou get fhem foo.

Ohmic Conductors Have a Constant Resistance

For some compohents, as the current through them is changed,
the resiziance of the component changes as well.
1} The resiciance of ohimic conductors (e.g. a wire or & resicior) doesn'
change with the current. At 8 constant tempersture, the current flowing through an ohmie conductor
is directly propostional to the pofential difference scross . (R s consfant in V = IR, previous page.)
2 The resigtance of 2ome resistore and componenis DOES change, e.g. a diode or a filamend lamp.
3] When an slectres] cherge flows through a filament lamp, # irencfors some energy o the
fhermal energy store of the filament (p.167), which is designed fo heal up. Resistance increases with
temperature, so as the current increases, the filament lamp heats up more and the resistance increases.
4) For diodes, the resisfance depends on the direction of the current.  They will happily let
current flow in one direction, but have a very high reststance i is reversed.

‘:\H!I_IIIHIHII||r|.I|1If_).
= This type of crcuit uses =
= direct cumvent (de) (p186) =

Three Very Important I-V Characteristics __PE?—__‘
I? p !___E-ELJ = and i a series grogst 183, _-E

The term '"[-V cheracterisiic” refers fo a graph which shows how the IR T |...EF[,.,.,..\
current |} flowing through a component changes as the polendisl difference (V) across i is increased.

...................... i
You ean do this cxperiment to find 8 component's -V characteristic: | 1'
1) Bet up the iest cireui shown on the right. !

2) Begin to vary the variable resistor. This alters the current flowing

through the circuit and the potential differsnce acrosse the component.
3) TYeke seversl pairs of readings from the smmeter and volimeter

o see how the pofentisl difference across the component varies

ag the currend changes. Repeat esch reading twice more to get
an sverage pd at each current.

4) Swap over fhe wires connected fo the battery, go the di

5) Plot a graph of current against voltage for the component.
&) The |-V characteristics you get for an chimic conductor, filament lamp and dicde should look like this:

Woltmeter

Dhimic I+ Blamend it Diode 4
Conductor Lamp
lep. roigsoe
at & sonstant
Intnparaiura)
v v Vv
L3 W W
The current through an chimac A the current increazes, the temperatuee of the Currertt will anly flow thraugh
comsbuctor fat constant temperature) Bament incicass, s the roxisfance moreses: a dhode 1gng e, as
& ghrectly proserional to potental Thes means les ourrent can flow per unit pd, se shown. The diode has very bigh
difference o you get a straight ke the graph gets shallower — hence the curve resistance m the reverse directon

Snce V = IR, you can calculate the resisionce af any point on the [-V characteristic by caleulating 7 = V0.

In the end you'll have to learn this — resistance is futile... '

Draw out those graphs until you're sketching them in your sleep — it’s essential that you know them. E

Lo Explain the shape of the filament lamp /-J" characteristic above, 71 Video
for the quadrant where I and } are positive. [ marks]

Al
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The fun doesn't stop with flament bulbs. As well as temperature, resistance can depend on things ke light
Mmmmmm Thag’mmdhumﬁﬂimn&mﬂnﬂmimndmrgminw

LDR is Short for nght Dependent Resistor
1) AnLDR is a resistor that is dependent on

the infensity of light. Simple really. :
2) I bright light, the resistance falls. ?@_
3) In darkness, the resisfance is highesi. :
4] They have lots of applications including aufomatic
dark

night lighis, outdoor lighting and burglar detectors.

Resstance in 0

Light intensity

The Resistance of a Thermistor Depends on Temperature

1) A fhermistor is a tempersture depende ¥
2) In hot condiions, H’mmnln-l'anﬂ&l:l_mg:n_. o
3) In cool condifions, the resistance goes up. 4% g L
4) Thermistors make useful femperaiure deteciors, T
.g. cor_enging temperature sensors and i
electronic thermostais. Y = hnt:
emperatire

' You Can Use LDRs and Thermistors in Sensing Circuits

1) Sensing circuits can be used to furn on of incresse the power to e
compohenis depending on the condifions that they are in.
2) Than&mﬂunﬂm:ljrllnag@ngcbcuﬂmnﬂﬁm&l&nhnham.ﬂ+u
3} The fixed resizior and the fan will slways have the same potential difference fosed
ascross them (because they're connected in parallel — see p.184). _r;ﬂ"h" o
4} The pd of the power cupply iz chared oui between the thermistor and the
loop made up of the fixed resistor and the fan according fo their resistances
— the bigger 8 component’s resistance, the more of the pd i takes.
5} As the room gets hotter, the resisfance of the thermistor decresses and it
takes a smaller shore of the pd from the power supply. 8o the pd
across the fixed resistor and the fan rizes, making the fan go faster.

You ean aleo conhect the eomponent across the virlable resistor instead.

For example, if you connect a bulb in parallel to an LDR, the pd across both
the LDR and the bulb will be high when s dark and the LDR's reststance is high.
The greator fhe pd across o component, the more energy it gets.

8o a bulb connected scross an LDR would get brighier as the room got darker.

LDRs — Light Dependent Rabbits...
Maore odd circuit symbols, but at least we're getting into how different components are used in daily life — the
next ime your heating turns on autormatically, you can be smug in your knowledgze of thermistors.
Q1 Describe one everyday use for the following components:
a} a LDR b) a thermistor [2 marks]
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Series Circuits

There's a difference between connecling components in series and parsllel. Make sure you learn it, and know
read on for more sedes fun.

the rules about what happens to currend, pd and

Series Circuits — All or Nothing
1} ln snrap-“ _gircuits, the different components are connected

aupplg {mq:-i for . -..ug:ﬂf_mgigr_s_,. which are always conhecied
in paralled, but they don't courd as part of the circult).

2) Wyou remove or disconnect one compohent, the cireuit
iz broken and they all -'dnp. Thiz is generally ot very handg.

Potential Difference is Shared

I series circuits the fofal pd of the supply i shared between

the various components. 8o the potendial differences round v = v + v A
& series circult ahways sdd up to equal the source pd 07 e L =

Current is the Same Everywhere
1) In series circulis the same current flows through all components, i.e.: m

2] The size of the current iz determined by the fotal pd of the eells
and the fotsl resistance of the circult: e [ =V + R,

Resistance Adds Up
1) In series circuits the lofal resistance of fwo R.=R +R,
compohents ks just the sum of their resistances:
2 This iz because by adding a resistor in sedes, -Ihniwumhmhwniummslﬂfdpd

3] The potential difference across each resictor is lower, so the current through each resistor is also
lower. In a series circuit, the current iz the same ever mgﬂ-ﬁhnin‘ldcumnihihEMUH

is reduced wheh a resistor is added. This means the total resistance of the cireuit increases.
4) The bigger a component's resistance, the bigger its share of the fotal polendial differance.

For the circuit diagram below, calculate the current passing through the circuit

70 30 1) First find the tots| resstance by adding R ,=2+3=510
together the resistance of the two resistors. F= ViR
* 2] Then rearrange V= IR and substitute =720+5
FIeT, in the values you have. =4 A

Cell Potential Differences Add Up
1} There is a bigger pd when more cells are in series, if they're all connected the same way.

2} For example when two cells with a potential difference of L.E 'V are
connacted in series they supply 3 V between them.

Series circuits — they’re no laughing matter...

Get those rules straiphtened out in your head. then have a quick go at this question to test what you know:
Q1 A battery is connected mn series with a 4 £2 resistor, a 5 £2 resistor and a & £ resistor. A current
of 0.6 A flows through the circuit. Calculate the potential difference of the battery. [3 marks]

Topic P2 — Electricity
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Parallel Circuits

Parallel circuits are much more gensible than seres crcuits and so they're much more common in real life.
Al the electrics in your house will be wired in parallel circuits.

Parallel Circuits — Independence and Isolation

VH_,I
I
|

1) In parallel chouifs, each component is separafely S— I
connacted to the +ve and —we of the zupply {except Birarich e

ammeters, which are shusis connected in geres).
2) ¥ you remove or disconnect one of them,
it will hardiy affect the others at all.
3] This ks obvicuzhy how most thinge must be connected,
for example in cors and in household elecircs.
You have to be able to switch everything on and off separately. I,

4} Everyday circuits often include a mixture of serles and parallel parfs.

5o i Hhis =

Potential Difference is the Same Across All Components

1) In parallel cireuits gl components get the full source pd, v _ v =
so the potential difference is the same across all components: i i

2} Thie means that identical bulbs connected in parallel will all be st the same brighfness.

Current is Shared Between Branches

1) In parallel cireuits the fotel current flowing around
the circuit is equal to the fotal of all the currents
through the separate components.

2} In a parallel circult, there are juncliohs where the
current either splits or rejoins. The folal current going
info a juncfion has to equal the fotel currend leaving.

3} W two jdentical components are connected
in parallel then the same current will
flow through each component.

Adding a Resistor in Parallel Reduces the Total Resistance |
1) W you have two resistors in parallel, fheir foisl resistance is
less than the resistance of the smallest of the two reskstors.
2} This can be fough to get your head around, but think about i like this:

*  In poralled, both resksfors have the same potendisl difference across them ag the source.
+  This means the 'pushing force' making the current flow is the
came &2 the source pd for each resistor that you add.
= Buf by adding another loop, the current has more than one direction o go in.
+ This increases the iofal current that can flow around the circult. Using V = IR,
Bh increase in current means & decrease in the folsl resistence of the drouit.

A current shared (between identical components) — is a current halved...

Parallel circuits are trickier, but they're much more useful than series circuits, so get learning them. G

Q1 A circuit confains three resistors, each connected in parallel with a cell. Explain what T
happens to the total current and resistance in the circuit when one resistor is removed.  [4 marks]

Q2 Draw a circuit diagram for two filament lamps connected in parallel to a battery.
Both of the lamps can be switched on and off without affecting each other. [3 marks)
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Investigating Resistance

You saw on page 180 how the length of the wire affects He resistance. Now iF's time fo do an expedment fo
see how placing resiztors in seres or in parallel can affect the resistance of the whole circul.

You Can Investigate Adding Resistors in Series...

J
2)

3)
4)
5)

8)
7

Firet, you'll need fo find at least four identical resistors. /"

Then build the circult shown on the rght using one of the resictors.
Make a note of the potendial difference of the batiery (V).
Measure the current through fhe circult using the ammeter.
Use this to calculate the resistance of the cireult using R = V = L

Add another resicior, in series with the first.
Again, measure the current through the M| T}

thiz and the pofential difference of the battery to calculafe
the overall resiciance of the circuit.

Repeat gteps 4 and & undil you've added all of your resistors.
Plot a graph of the number of resistors against the fotal resistance of the circult (see below).

| .0 in Parallel

1
2)

3)
a)

5)
6)

' Your Results Should Match the Resistance Rules

2)

3)

4)

5)

Uging the game equipment as before (so the experiment iz a fair tect), bulld the same jnifial circui.
Meacure the tofal current through the eircuit and caleulate the resistance of the
circuit using R = V = | (again, V is the potential difference of the battery).

Next, add another resictor, in paraliel with the first.

Meazure the tofal current Hhrough the cireuit and use —
H\inahdfhn]mlmﬂmgufﬂmhﬂlﬂgfuuduum

the overall resistance of the circuit.

Repeat steps 3 and 4 until you've added all of your resistors.

Plot a graph of the nuber of resistors in fhe circult againet the tofal resistance.

SERIES

You should find that adding resisfors in sedes increases
the total resictance of the crcult (adding a resistor
decreases fhe total current through the circul).

The more resistors you add, the larger the

registance of the whole circuit.

When you add resictors in parafiel, the folal

current fhrough the circult increases — so the . PARALLEL
total resistance of the circuit has decreased.

The more resistors you add, the smaller the oversll
resistance becomes — as shown by the graph on the right.
These results agree with what you learnt about resistance
in series and parallel circuits on pages 183 and 184,

Resstance of orewt (52

Mumber of sdentical I'ESI:I.DFS-

Eesistarce of cireuit (02

Pumber of idertical resishors

I can’t resist a good practical...
Mothing too hard on this page, which makes a nice change from all of those rules sbout circuits. Make sure you're
completely happy building circuits from diagrams, before moving on to the fun world of mains electricity... wooo...

Ql

Draw a diagram of a single circuit that could be used to investigate the effect
of adding resistors in parallel. Your circuit should include switches. [1 mark]
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Electricity in the Home

Thare are two fypes of electricHy supply — shemating and direct currends. Read on for more about both...

Mains Supply is ac, Battery Supply is dec

1) There are two fypes of electdciy supplies — alternating current (ac) and direct current (de).

2} In ac supplies the current s constantly changing direction. AHernating currents are produced
by alternating voltages in which the positive and negative ends keep alfernating.

3) The UK mains supply (the electricity in your home) is an ac supply at around 230 V.

4} The frequency of the ac maine supply iz B0 cycles per second or B0 Hz (heriz).

£} By conirast, cells and batieries supply direct current (de).

8) Direct current is a current that is always flowing in the same direction.
I¥'s created by a direct voliage.

Most Cables Have Three Separate Wires .

1} Most electrical appliances are connected fo the mains supply by H#hwes-core cables. This means
thaf they have fhree wires inside them, each with a core of copper and a coloured plastic coafing.
27 The colour of the insulafion on each cable shows its purpose.
3} The colours are glways the same for svery applisnce.
This iz so that it is easy to tell the different wires apari.
4} You need to know the colowr of each wire, what each of them is for and what their pd is:

1} LIVE WIRE — brown.

The live wire provides the sHernating
(&t about

230 V) from the mains supply

The neutral wire completes

the circuit — when the

wm:‘m 8) EARTH WIRE — green and yoliow.

through the lve and neutral "hhsml mmﬂpn o ;

wirez. It iz around O V. sl " '
applinhee casing from becoming

lhve. |t doesn't usually carry a
current — only when there's a
fault. H's also af OV,

The Live Wire Can GiveYou an Electiric Shnck_

1} Your body (just like the earth) is at 0 V. This means that if you touch the live wire, a large
potenttal difference s produced scross your body and a currend flows through uou.

2} This causes a large sleciric shock which could injure or even kill you.

3) Even if a plug socket or a light switch is turned off (i.e. the swifch is open) there
iz ofill a danger of an electrc shock. A current len't flowing but there's still a pd
in the live wire. If you made coniact with the live wire, your body would provide a
link between the supply and the earth, 20 & current would flow fheough you.

4) Any connection betwean live and earth can be dangercus. W the link creates a low
resisiance path to earth, a huge current will flow, which could resulf in a fire.

Why are earth wires green and yellow — when mud is brown..?
Electricity is very useful, but it can also be very dangerous. Make sure you know the risks.
ol State the potential difference of: a) the live wire b} the neutral wire  ¢) the earth wire. [3 mearks)

Topic P2 — Electricity
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Power of Electrical Appliances

Energy is fransferred between stores glecirically (like you saw on page 167) by slectrical appliances.

Energy is Transferred from Cells and Other Sources

1} You know from page 167 that 8 moving charge fransfers energy. This is because the charge does
work against the resistance of the cireudt, (Work done is the same as energy transferred, p.203.)

2) Hectrical applisnces are designed fo fransfer energy fo components in the circuit when a current flows.

Kettles transfer energy slecidcally % Energy is transferred electically
from the mains ac supply fo s EEOEY fvom the battery of a handheld
the fhemnal energy store of the L fan to the kinelic energy
heating element inside the ketile. = i store of the fan's motor.

3) Of course, no appliance transfers all energy completely usefully. The higher the current, the more
energy is transferred fo the thermal energy stores of the components (and then the surroundings).
You can calculate the efficiency of any electrical applisnce — zes p.172.

Energy Transferred Depends on the Power
1) The total energy transferred by an appliance depends on how long the appliance iz on for and He power.

2) The powsr of an appliance iz the energy that i trancfors per second. TS
8o the more energy i trancfers in a given time, the higher ite power. = This aguaton ﬂm“f‘g =
B) The amount of energy transferred by elortrical work is ghven by: j‘,E:T:I:a:,FﬁT,,.....-.uQ—

Energy #ransferred (1) = Power (W) X Time (s)

A 600 W microwave is used for 5 minutes. How long (in minutes)
would a 750 W microwave take to do the same amount of work?

1) - Caleulate the gnergy Sransferred by the G0 W E=Pi=600 = (5% 6O) a1l e,
microwave in five minutes. =180 00O | = Remember that the fime =
= must be noseconds. T
2) Eearmange E = Pt and zub ip the gnergy you t=E+ P FEL RN AR ) fF
calculated and the power of the 750 W microwave. =180 000 + 750 = 240 s
3] Corvert the time back to minutes. 40 = 60 = 4 minutes

So the 750 W microwave would take 4 minutes to do the same amount of wark.

4) Appliances are offer given a power rating — they're labelled with the masdmum safe power
that they can operaie at. You can uzually take this to be their maximum operating power.

B} The power rating fellz you the maximum amount of energy transterred
between stores per second when the appliance is in use.

8) Thiz helps customers choose belween models — the |ower the power rating, the |ess
electriciy an applishce uzes in a given fime and so the cheaper i is o run.

7} But, a higher power doesn't necessarily mean that i fransfers more energy usefully. An
appliahce may be more powerful than another, but lecs efficient, meaning that i might sHll
only trancfer the same smount of energy (or even less) to useful stores (see p.170).

Transfer this page to your useful knowledge store...
Get that equation for power hard-wired into your brain and then become a powerful physicist by practising it |

Q1 Anappliance transfers 6000 J of energy in 30 seconds. Caleulate its power. [2 marks]
02 Calculate the difference in the amount of energy transferred by a 250 W TV and a 375 W TV
when they are both used for two hours. [4 marks]
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Morxe on Power

And we're not done yet. There are even more power equations for you to get your head around, how fun.
Potential Difference is Energy Transferred per Charge Passed

1) When an electrical chorge goes through a change in
potential difference, then cnergy s frapslemred.

2) Energy s supplied to the charge at the powsr source
to "raise’ i through a potential.

3] The charge gives up this energy when it "falls" through any

4] The formula is real simple: Charge flow (C)

Energy transferred (]} Potential difference (V)
E) That means that a battery with a bigger pd will supply rore energy fo the circuit for every

i
_}yh rl_rrirr.«rururlnuu
: -

> EMERY i transfarped
= oo ke inetic energy o,

The motor in an electric toothbrush s attached to a

3V battery. 140 C of charge passes through the
circuit as it is used. Calculate the energy transferred.

E=QV=140 =3 =420

- Power .!.l;au ﬁepends on Current and Pntential Difference
1) As well as energy fransferred in & given fime, the power of an appliance can be found with:

Power (W) = Poiential difference (V) X Curent () m

A 1.0 KW hair dryer is connected to a 230 V supply. Calculate the

current through the hair dryer. Give your answer to two significant figures.
I=P=V

1o kW = 1o0o 'W
1=1000 + 230 =434 =43 A (to 2 sf)

1) Rsarrange the equation for current.
2} Make sure your units are correct.
3) Then just stick in the numbers that you have.

2) You can also find the power if you don't know the potendial difference. P = IR Resistance (£2)
To do his, stick V = IR from page 180 into P = VI, which gives you: =

You have the power — now use your potential...
I'm afraid the best way to learn all of this is to just practise using those equations again and again. Sorry.

Q1 Calculate the energy transferred from a 200 V source as 10 000 C of charpe passes. [2 marks]
32 An appliance is connected to a 12 V source, A current of 4.0 A flows through it,
Calculate the power of the appliance. |2 marks) E
3 Anappliance has a power of 2300 W and has a current of 10.0 A flowing through it o
3 marks] e

Calculate the resistance of the appliance.
Topic P2 — Electricity
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The National Grid

The national prid is a giant web of wires fhat covers the whole of Britain, getiing elactricity from power stafions
to homes everywhere. Whoever you pay for your elactricity, i#'s the national grid that gets if fo you.

Electricity is Distributed via the National Grid

1} The national grid is a giant system of cables and fransformers that covers the UK
and connects power stations fo consumers (anyone who is using electricHy).

2) The national grid fransfers electrical power from power stations anywhere on the grid (the supply)
to anywhere elee on the grid where H's needed (the demand) — e.g. homes and indusfry.

Electricity Production has to Meet Demand

I} Throughout the day, electricHy usage (the demand) changes. Power stations have fo produce
enough electricity for everyone to have # when they need i,

2) They can predict when the most electricity will be used though. Demand incresses when pecple
pet up in the morning, come home from school or work and when it starte fo get dark or cold
ouigide. Popular events like a sporting final being shown on TV could also cause a peak in demand.

3) Power stations often run at well below thekr maximum power output, so there's spare capecity fo
cope with a high dermand, even i there’s an unexpected shut-down of another station.

4) Lotz of smaller power stations that can start up quickly are also kept in standby just in case.

. The National Grid Uses a High Pd and a Low Current 2 Remember thit 'p:::;];;’?_

n 3 H'lr_murm- transferrad in —

a govens Bime, s a higher
POWER means. more
energy transherved,

R R RN R T L

1} To trancmit the huge amount of power needed, you need either a
high poterdial difference or a high current (as P = VI, from the previous page).
2) The probierm with a high current is that you lose loads of energy as the wires
heat up and energy is transferred fo the fherme! energy store of the surroundings.
3) Ws mueh chesper o boost the pd up reslly bigh (400 000 V) and keap the currend a2 low oz poscible.

4) For a given powes, ihereasing the pd decresces the currend, which decreases the erergy losl by heafing

rvira

LRI

the wirez and the surroundings. Thiz makes the netional grd an officien! way of trancforing energy.

Potential Difference is Changed by a Transformer

1) To got the potential difference to 400 000 V for efficlent fransmission
we usa fransformers (and big pulons with huge insulstors).

2} Transformers all have two colls, a primary ool and
a zecondary coll, joined with an fron core.

3) Potential differonce ks increased using a step-up fransformer.  They have more turne on the secondary eoll
than the primary coll. As the pd is increased by fhe francformer, the current is decreaszed.

4) The pd iz then reduced agakn st the local consumer end using a step-down transformer (the current is
therefore increased by this transformer). They have more turns on the primary coll than the secondary.

5) The power of a primary coil iz given by power = pd % current. Transformers are
nearly 00 efficiend, so the power in primary coll = power in secondary coll.  This means that:

pi scross currentin pid across current in v' = VI
primary coll (V) * primary coll (A) = sscondary coll (V) * sscondary coil (4) pp s 8

Transformers — NOT robots in disguise...
Transformers can be a little tricky, but what's important here s that you understand how they're used in the
national grid to reduce energy losses during transmission. Have a go at this question to test what you™ve lzarnt.
1 Explain why the national grid is efficient at transferring enargy.
Refer to the potential difference and current during transmission. [4 marks)

Topic P2 — Electricity
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Revision Questions for Topic P2

And that's it for Topic P2. Let's see how much has stuck in your head. __?\‘”FL'r:Lr‘. s ;;’:ﬁ:t‘r;";: '

+  Try these guestions and tick off esch one when you get it right. = Retrioval Qi for Topie P2 - just =
»  When you're completely happy with a sub-fopie, fick i off. o =

£
ANV R TRLTRI N

Wil

Circuit Basics (p.179-182) [ |

1) Define current and state an equation that links current, charge and fime, with units for each.
2] What is meant by potential difference and resistance in a circuit?

3} Draw the circult diagram symbols for a resistor, a volimeter, an LED and a dicde.

4} What is the equation that links potential difference, current and resistance?

5} Explain how you would invesfigate how the length of a wire affecis He resistance.

8] Name one linear component and one hon-linear component.

7) Draw the I-V characteristic for an chimic conductor, a filament lamp and a diode.

8) True or false? The resistance of an LDR increases with light intensHy.

9) What happens to the resistance of a thermisfor as it geis hotter?

Series and Parallel Circuits (p.183-185) [ |

10} True or falze? Potential diference iz shared between components in a series circuft.
N} How does the current through each component vary in a serles circuit?

12) True or falee? Current is chared between the branches of a parallel circul.

13} A resistor ks in series with a cefl. A second resistor s added in parallel to the first.
How does the overall resistance of the circuit change?

14) Deseribe an experiment to investigate how adding resistors in series and parallel affects the total
resicfahce of the circul.

Electricity in the Home (p.186)

15) True or falze? Mains supply electricHy is an alternating current.

18] What iz the potential difference and the frequency of the UK maine supply?

17) Name and give the colours of the three wires in a three-core cable. Why are they colour coded?
18) Explain why touching a live wire iz dangerous.

Power and the National Grid (p.187-189) [ |

19) Describe the energy transfers that occur for a battery-powered fan.

20) What t= the power rating of an appliance?

21} Biate three equations that can be used fo caloulate electrical power.

22) What i= the national grid?

23] Explain why eleciricity iz fransferred by the natioral grid at a high pd but low currend.
24) What are the functions of step-up and step-down fransformers?
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The Particle Model and Motion in Gases

The parficle model of matter says that everything s made up of lots of fing particles. W's desd useful.

All Matter is Made up of Particles

In particle theory, you can think of the particles that make up matter as finy balls. You can explain the
ways that matter behaves in ferms of how these tiny balls move, and the forces between them. The three
states of matier are solid (e.g. ice), liquid (e.g. water) and gas (e.g. water vapour). The particles of a
substance in sach clate are the same — only the srrangament and enerpy of the parficles are different.
& L0LIDE — girong forces of atiraction hold the particles cloze together
2 in a fixed, regulsr arrangement. The parficles don't have much
energy so they can only vibeate about their ficed posiions.

LIQUIDS — there are wesker forces of attraction between the particles. The parficles are

dloze together, but can move past each other, and form regular srrangemends. They have

more ehergy than the parficles in a solid — thay move in random directions ot low speads.
&, o GASES — there are almost no forces of attraction between fhe parficles. et
‘_“' The particles have more energy than in liquids and solide — fthey're free o = ““Mg";m =
& 9 4 move, and are constanfly moving with random directions and speeds. = " ofspeeds. =

Y
S Ea gt aniity

Colliding Gas Particles Create Pressure
1) Parficles in gases {and liguids fo & cerfain extent, but you don't PR e OO
need o worry about fhem) are free to move sround. As they move,

they bang Into each other and whatever else happens to get in the )
way (ke the sides of the container they're being kept in). net furce ak right

2] When they collide with something, they exert a force on .
3) Pressurs iz the force exerted per unil aros.

4) 8o in a sesled condainer, the outward gos prescure is the fotal force exerfed
by oll of the particles in the gas on a unit area of the confainer walle.

Increasing the Temperature of a Gas Can Increase its Pressure

1} If you ingresse the temperafure of a gas, you transfer energy into the

kirsefic enerpy stores of s parficles (there's more about this on p.193).
2} The temperature of a gas is related fo the average energy in the kinefic energy stores of the

particles in the gas. The higher the temperaiure, the higher the average energy.
3) 8o as you jncrease the femperature of a gas, the average speed of Hs parficles increases.
This iz because the energy in the particles’ kinetic energy stores is Yorm? — p.1BE.

4) This means that, for a ges at a constant volume, increasing Hs temperature increasses its prescure.
= As the parficles are travelling quicker, i means that they hit the sides
of the container rmoee offen in 8 given amount of fima.

= Each parficle also has a larger poomeniun (p-218) which means that
they exert a larger force when they collide with the container.
These factors Lotli increase the {ofal force exerted oh a unit area, and so increase the prossure.

Don’t let the pressure of exams get to you...
Get your head around the ideas behind the particle model before you tackle the rest of the topic.
31 Explain why decreasing the temperature of a fixed volume of gas decreases its pressure. [3 marks]

Topic P3 — Particle Model of Matter



192

Density of Materials

The densiy of an object tells you how many of s parficles have been squished into a given space.

The Particle Model can also Explain Density |

Density is a measure of the 'compaciness’ of a substance, It relates the mass of a substance
o how much space H fakes up (i.e. it's a substanhce'’s mass per unit volume).
The units of density are kg/m® Ihmﬁhhmﬂﬂwmmghhn_ﬂ-
You might alzo see density given in g/om®. (1 glem® = 1000 kg/m®)
small numibers guickly:

J]F'l]ll:lllll!]lrllr'lll|I||lr|'|||]lo-'
-1 Ik nass = The symbaol for derity rs-a.Gmk |lﬂ:r -
FEECLNT IR MRV I PR TR FR LR LR ™

63 = 107 = QOOODES

.ﬁgﬂ-ld ba.rhasnmmnf'll kg H‘\liﬂ"l‘ﬂ'llll‘l‘l! of 63 119—4 I'I'I3. F}JIHHHIHUFIIHLH
Calculate the density of the gold bar. Give your answer to two significant figures.

1) First, plug the numbers you've been Drensity = mass + wolume

given into the squation for density. =12 + (63 = 107Y = 19047.6..
2) Then round your answer to bwo significant fgurss. Density = 19 000 kg/m® (to 2 =f)
3} Check your units match what's given in the gquestion.

1) The density of an object depends on what if's made of and how Hs particles are srranged.
2} A dense material has Hs particles packed tightly together. The parficles in a less dense material are more

gpread out — if you compressed the meterial, s particles would move dloser fogether, and i would
become more dence. (You wouldn't be ehanging He mass, but you would be decreasing He volume. )

REETR g gk P Rgpinn
Thes raurmber 15 ghven in
standlard form — a way
of writing very large or

o=

e

(ANARNAREN

“HEE Iy

Bofids are generally derser than figuids, ﬂdﬂ;ﬂmmuuﬂgi@gﬁmﬁhﬂﬂq@g

[ S
You Need to be Able to Measure ]]ensit}r in DifferentWays | _Pf-lmeaL 1

| Yo find the density of a solid object | | To find the density of a liquid |

1) Use a balance to measure He mass (see p.232). 1) Place a messuring culindsr on a

2) ¥ it's a regular solid, start by measuring Hs balance and zero the balance.
length, width and height with an appropriate piece 2} Pour 10 il of the liquid into the
of equipment (e.g. a ruler). Then calculate Hs meassuring cylinder (see p.232)
volume using the relevant formula for that shape. and record the liquid's mas=.

3) For an irregular solid, you can find Hs volume by 8) Pour anofher 10 ml into the measuring
submerging i in a sureka can filled with water. eylinder, repeaiing the process until
The water displaced by the object will be the cylinder is full and recording the
trarsferred to the messuring cifinder: total volumes and misss each fime.

4) For each measurement, use the

formula to find the density.
, — ﬂw (Remember that 1 ml = 1 em?.)
5) Finally, take an sverage of your

3 gw'f the vl of waor i e mesairing o v fo th dareity of th s,
Z . T - _w\||r||.|'|||||||j|1ﬁl|l|||irh||{l||Lr|||'|||'I'|||jl'||-:_
5) Plug the chject's mass and volume int0 =" 7y, vulume of a cube is equal ta length = width = height. -
H’Blmul_anbwninﬂhdﬂsmm. - fake sure you know the formudas for basic shapes =

_'".II.IrI.IIHlI|1I|!!|F|II'|H'|LJI‘|II||1|11|£|II'II]'II|i‘-

Who can measure volume — the eureka can can, oh the enreka cancan...
Remember — density is all about how tightly packed the particles in a substance are. Nice and simple.

Q1 A 0.019 kg gemstone is placed into a full eureka can, causing 7.0 cm® of water to be pushed ;
out the spout into 3 measuring eylinder. Calculate the density of the gemstone in glem®. [3 marks]
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Internal Energy and Changes of State

Thiz page is all about heating things. Take a look at your zpecific hea! capacity notes (p.189) before you start
— you neaed to understand i/ and be able fo use AL = el for this topic too I'm afraid.

Internal Enexgy is the Total Energy Stored by Particles in a System

I
2)
3)

4)

5)

8)

The particles in a system vibrate or move around — they have energy in their kinefic energy sfores.
They also have energy in thelr potential energy stores due to their positions.

The energy stored in a system is stored by He particles (atoms and molecules).
The internal energy of a system is the fotal energy that Hs particles

have in their kinefic and potential ehergy siores.

Heating the system fransfers energy fo ifs particles (they gain energy in
their kinefic stores and move faster], increasing the infernal energy.
This leads to a change in temperafure or a change in slate. If the temperature
changes, the size of the change depends on the mass of the substance, what
it's made of (s gpecific hest capacify) and the energy input. Make sure you
remember all of the stuff on specific heat capacity from p.189, particularly how fo use the formula.
A change in stafe ocours if the subsiance ie hested shough — the particles will have

enough energy in their kinetic energy stores to bresk the bonds holding them together.

A Change of State Conserves Mass

1)

2)
3)

a)
6)

8)

When you heat a liquid, i boils (or evaporates) and becomes a gas. When you heat
a sofid, i melis and becomes a quid. These are both changes of stafe.

The stete can slso change due to cooling. The particles lose energy and form bonds.
The changes of state are:

R ERYS
SOLID

A change of state iz 8 physical change (rather than a chemical change). This means you don't end
up with a new substance — i's the same subsiance as you started with, just in 8 different form.
If you reverze a change of state (e.g. freeze a substance that has been melfed), fhe

substance will refurn fo is orginal form and get back Hs criginel properties.
The number of particles doesn't change — fhey're just arranged differendly.

Thiz means mass iz conserved — none of if is losf when the substance changes state.

Breaking Bonds — Blofeld never quite manages it...
I'll say it one more time — have a look back over your specific heat capacity notes. They ™Il really help you
understand all this stuff on temperature changes and internal energy. Now don't say [ didn’t warn you...

Ql

During an experiment, a solid 1= heated until it melts into a liquid.
Explain how heating the solid causes this change of state. [3 marks]

Topic P3 — Particle Model of Matter
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Specific Latent Heat

if you heat up a pan of water on the stove, the water never gefs any hotter than 100 *C. You can carry on
heafing it up, but the fempersture won'f rise. How come, you say? It's all to do with lafent hest...

A Change of State Requires Energy 21
1) When a substance is meliing or boiling, you're still putfing in enesgy _'_ /
and g0 inoreasing the inferngd enerpy, but the energy's used for bodeg | ... BORING &
bresking bonds between parficles rather than raising the femperature. ™ T {é"
There are it spots on the heating graph where crerpy is being melting | S A
fransferred by heating but not being used fo change the temperature. (i ; &
e _"' /45@ Time
'g. H%
2) When a substance is condensing or freazing, bonds
bolkng \ CD”DE”S'“G are foriing between parficles, which relosces energy
means the infornsl energy decreases, but
i . FREEZING This tha internal energy decreases, but the
meling - r"\}' """ femperature dosen't go dows undll ell the substence
o :}"’L_' é\ has furhed fo liguid (condencing) or a solid (freezing).
T — The {lat ports of the graph show this energy fransfer.

Epec:i.t'ic Latent Heat is the Energjr Needed to Change the State nf al kg Mass

1) hmlmﬂlﬂawmﬂmmwmwwﬂ
it from i i ure.

2) Fm___gg.spedﬂnluiwﬂlmslhﬂmnmﬂu@nﬂl_;_ﬂdbgaduﬂehshfa.

3] B}llﬂﬂmﬂ |latent heat is m&[ for differend materisls i anhd for [ﬂlﬂw betweern M

4) The specific latent heat for changing between a solid and a liquid (melfing or freezing) is called
the specific latent heat of fuskon. Thnapmmnlmfmihrnhmﬁnghshumnumdn
gas (evaporafing, bolling or condensing) is called the specific late safion.

I.I||l|r|d|IjII'IrIHIJlr||| i
Don't get conﬁ&edwrthsw:lﬁyh:;:;x@”.“ i
Ip169), which relates o 4 bemyreratiite rise of 1 50

- Specific Latent heat i+ about changes of state where
: there's no temperature cha
l lHIrHIIHl|runn|n||nl|u-.||r|.|n

Energy (E) = Mass (m) X Specific Latent Heat (L) G F = mL
Energy is given in joules (1), mass is in kg and 8LH is in J/kp.

There's a Formula for Specific Latent Heat

You ean work out the ener energy neaded {nrrdmud]uﬂ'ma
substance of mase m changes state using this formula:

>
:7

-'|||'I.l||.l-‘-

\““““"nn 1
= | yodve finding mass =
: = or SLH, youll need o -
The specific latent heat of vaporisation for water (boiling) = Flere's the =
is 2 260 000 J/kg. How much energy is needed to = formuda triangle. &
completely boil 150 kg of water at 100 *C2 T At
1) Just p{ug the numbers into the formula. E=mlL
2} The units are joules because it's snengy: =450 1 260 DO
=3 390 oo |
My specific latent heat of revision* is 500 J/kg...
When it comes to the specific latent heat of vaporization and fusion. the formula’s the same, but the E
process is different. Make sure you understand which process you're actually looking at. QL Vdee
Q1 The SLH of fusion for a particular substance is 120 000 kg, How much energy is needed 8
to melt 250 ¢ of the substance when it is already at its melting temperature? [2 marks]

Topic P3 — Particle Model of Matter *tha tount of andegy racuirad to fuem 1 g of ruision notas nfo 3 fop rada
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Developing the Model of the Atom

All this started with a Greek fella called Democritus in the 5* Century BC. He thought that all matier, whatever
it was, was made up of idenfical lumps called "afomes". And that's az far as it got until the 1800s...

" Rutherford Replaced the Plum Pudding Model with the Nuclear Model...

1) In 1804 lohn Dalton apreed with Democritus that matter was made up of tiny spheres ("stoms") that
couldn’t be broken up, buf he reckoned that each elemend was made up of a different tupe of "atom".

2) Neary 100 years later, | J Thomzon discovered parficles called elecirons that could be removed from
afoms. 8o Dalton's theory wasn't quite rightf. Thomson suggested atoms were spheres of posiive
charge with finy negafive electrons sfuck in them like fruit ih & plum pudding — the plum pudding model.

3} However, in 1909, scientists in Rutherford's lab tried firing a beam of alpha parficles (see p.198) at thin
gold foll — thiz wae the alpha sealfering experiment. From the plum pudding model, they expected the
parficles to pass straight through the gold sheet, or only be slightly deflected. But although most of the
paricles did go straight through the sheet, some were deflected more than expected, and & few were
deflected back the way they had come — something the plum pudding model couldn't explain.

4) Because a few alpha parficles were deflected back, the scientfists realized that mosi
of the mass of the stom must be concentrated at the cendre in a fing nucleus. This geid fod
nucleus must aleo have a positive charge, since it repelled the positive alpha particles.

E) They also realised that bacause rearly ol the alpha pariicles passed siraight through, >Zer—
most of an atom is just emphy space. This was the first nuclear model of the atom.

1} The puclear model that resulted from the alphs parficle scatiering experiment was Fes
a positively charged nudeus surrounded by a doud of negative eleptrons. H {1 4\

2) Niels Bobhr said that electrons orbifing he nucleus do so at cerfain distances \AsA .y
called energy levels. His theoretical caleulations agreed with experimental date. el s " o dectrom

3) Evidencae from firther experiments changed the model fo heve a hucleus made up of a group of parficles
(protons) which all had the same posiive charge that added up to the overall charge of the nucleus.

4) About 20 yesrs after the idea of a nucleus was accepted, in 1932, James Chadwick proved the existence
of the neuiron, which explained the imbalance betwesn the stomic and mass numbers (page 198).

... Which Developed into the Current Model of the Atom : p—

Il'he Currend Mudﬂ!nfihamum! The nucleus g finyg but i makes up moet of the mass of the stom.

5 It containg protons (which are posifively charged — they have a
i +1 relative charge) and neutrons (which are peufral, with a relative

charge of () — which gives i an overall positive charge.
: Itz radius k= about 10 000 fimee smaller than the radiue of the afon.
_ﬂ @ The rest of the atom ks mostly empty space. Negative elecirons
o /{:ﬂaﬁenhﬂlﬂuJ]uﬂumundihﬂmﬂddﬂnlﬂmmldaunmﬂlufﬂﬂ. They
- - give the atom He oversll size — the radius of an atom fsabout | 2 10 m.
' &  The number of protons = the number of elecirons, as protone and electrons
have an equal but opposite charge and aloms have no oversll charpe.
Eectrons in energy levels can move within (or sometlimes leave) the stom. W they gain energy
by sbsorbing EM radiahion (p.220) they move to a higher energy level, further from the nucleus. .F
If they release EM radiation, they move to a lower energy level that is closer fo the nucleus.
If one or more outer electrons leaves the atom, the atom becomes a positively cherged fon.
We're currently pretty happy with this model, but there's no saging # won't changs. Just like for the plum
pudding, new experiments somefimes mean we have fo change or complefely pet rid of current models.

-]

These models don’t have anything on my miniature trains...
This is science in action folks — as new evidence came along, the model of the atom was changed and updated.

Q1 a} Describe the current model of the atom. [4 marks]
b} State the radius of an atom and describe how this compares to the size of its nucleus. [2 marks]
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Isotopes and Nuclear Radiation

lzotopes and jondsation. They sound simifar, but they're totally different, so read this page carefully.

Isntnpes are Different Forms of the Same Element |
) Al atoms of each element have a set number of profons

(=0 each nucleus has a given positive charge). Every comgen atom has 8 protons.
The number of protons in an afom is its alomic number, Mass rumber_ 18 j_,,.EF"'::
2) The mass number of an atom (the mass of the pucleus) is the i e
number of protons + the number of neuirons in Hs nucleus. t
3) lsotopes of an element are atoms with the same number of protons (the same ol e
gfomic number, and so the same charge on the nucleus) but a different number }ﬁnx‘";s::#::m:

of neutrons |a different mass number). E.g. %0 is an isofope of oxygen.

AT TEVIRE RN AT Ry bWy

4) Al elements have different isotopas, but there are usually only one or two stable ones.

&) The other unstable isotopes tend to decay info other slements and give ouf radiation as they
iry o become more stable (they fry to balance the number of profon m:dmuimhihair
nucleus or get rid of any gxcess enargy). This process ke called radioaciive decay. )

8) Radioactive substances spit ouf one or more fypes of jonising radiation from their
nudeus — the ones you heed to know are slpha, beia and gamma radiafion.

7 Mmmmm{n}mmﬁmmqmmmmmbudmmdm
8] lonising radiation is rediation that knocks electrons off stoms, creafing positive fons.

The ionlsing power of a radiation source iz how easily # can do this.

Alpha Particles are Helium Nuclei |

1} Alpha radiafion iz when an glpha particle () is emitted from the nucleus.
An o-parficle iz two neufrons and fwo profons (ke 8 helium nuclsus).

2} They don't penefrate very far info materials and are clopped guickly —
they can only travel & few o in air and are absorbed by a sheet of paper.

3) Because of their size fhey are strongly lonising.

Beta Particles are High-Speed Electrons  ____ -2

1) A beta particla () ts simply a fast-moving electron released by the nucleus.

Beta particles have virtually no mass and a charge of 1.
2} They are moderately ionising. They penedrate moderately far into materials
before colliding and have a renge in sir of a fow metres.
They are absorbed by a sheet of sluminium (around 5 mim).
3) For every bets particle emitted, a naufron in the nueleus
has turned into a proton (page 197).

Alpha radiation

15 uzed in smoke
detectors — it ionizes air particles,
cawmng a current to Sow. I there
iz zmoke in the air, it bmds to
the ioms — mearing the curent:
stops and the alarm scunds.

SAUTEITR R R iy

= Bela emitters are used to

= test the thickress of shesls of
metal, as the partices e not
immediately absorbed by the
rnaderial ke ahoha radiation
would be and do ot pensrate

as far as gamma rays,
LR AN N AR RN R RN IL

NIRRT RN A

TN NN

-

Gamma Rays are EM Waves with a Short Wavelength . /\ "\ /\ /\ N\
1} CGamma rays [‘_r] are waves of eleciromagnetic radisfion (p.220) released by the nucleus.

2) They penetraf

than collide with atoms. Eventually they hit something and do damage.
4} They can be gheorbed by thick sheets of lead or metres of concrete.

Ionising radiation — good for getting creases out of clothes...
Knowing different kinds of radiation and what can absorb them often baps you a few easy marks in an exam.
Q1 Inorder to sterilise medical equipment, radiation is directed at the equipment while it is

sealed in packaging. Explain whether alpha radiation would be suitable for this use. [2 marks)

Topic P4 — Atomic Structure
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Nuclear Equations

Muclear equations show radivactive decay and onhce you gef the hang of them they're dead easy. Oef going.
Mass and Atomic Numbers Have to Balance
1) Nuclesr equafions are a way of showing radicactive decay by using elerment symbels (p.1986).

2) They're writhan in the form: atom before decay — atomn after decay 4 radishion emitted.

3} There iz one golden rule to remember:
the tolal mass and sfomic numbers must be equal on both sides.

Alpha Decay Decreases the Charge and Mass of the Nucleus ‘;Hg

1) Remember, alpha parficle: are made up of hwo protons and fwo neutrons. Bo when an stom
emits an alpha particle, Hs atomic number reduces by 2 and B mass number reduces by 4.
2) A proton s positively charged and a neutron ks neufral, oo the charge of the nucleus decreases.

8) In huclear squations, an alpha particle can be whtten as & helium nucleus: JHe.

_—r@mpﬂﬂd“
WO .|l.|.|n|1|.|1l.||I|1L||I-|I1lllla,::_
The huclear aquation for thiz decay would be: UL ik =
z e =
Th + ;He S = oo released when a nudewe =
agtl = goth + 22 - 90 +2 = decays by alpha or beta decay =
T T R LR LEARRL R

L]

Beta Decay Increases the Charge of the Nucleus

1} When beta deeay oeccurs, a neutron in the nudeus furns info a profon
and releases a fasf-moving eleciron (the beta parficle).

2} The number of profons in the nucleus has increased by 1.
Thie increases the positive charge of the nucleus (the atomic humber).

3) Because the nucleus has lost 8 neutron and gained a proton during beta decay,
the mass of the nucleus doesn'i change (protone and neutrons heve the same mass).

4} A beta parficle is written as S in nuclear equations.

e

ham%urnlrunu i

and beta emissions,

Carbon-14 Nitrogen-14 a new element will be formed,
a5 the rumber of protons
latarnic mumber) changes.

|'|I||H||i|||.lr||:|||||rr”r|'|

’ Mo M0
ﬁmnudmnqumhrﬂihdmagmldbn.‘;ﬂ—}’:ﬂ+gﬂ .ty

4
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Gamma Rays Don’'t Change the Charge or Mass of the Nucleus |

1} Gamma rays are a way of getfing rid of excess enorgy from a nuclous.
2] Thiz means that there ks po change fo the stomic mess or glomic humber of the atom.

Keep balanced during revision and practise nuclear equations...
Muclear equations are simple, but that doesn’t mean you shouldn't practise them. Give these questions a go.

Q1 What type of radiation is given off in this decay? L1 — Be + radiation. [1 mark]
02 Write the nuclear equation for *;/Bn decaying to polonium (Po)
by emitting an alpha particle. [3 marks]
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How guickly unsfable nuclei decay is messured using activiby and half-life — fwo very important terms.

Radioactivity is a Totally Random Process .

1} Radicactive substances give out radistion from the nuclei of their stoms — po matier what.
2} Thiz radiation can be measured with a Geiger-Muller tube and countes, which
records the couni-rate — the number of radiation counts reaching it per second.

3) Radioactive decay iz enfirely random. Bo you can’t predict exactly which
nucleus in 8 sample will decay next, or when any one of them will decay.

4) But you cap find out the fime H takes for the smount of radiation emitted by
a source to halve, this is known as the half-life. 1 can be used o0 make
predictions about radioacfive sources, even though their decays are random,

5) Halfdife can be used to find the rate at which a cource decays — Hs ACTIVITY.
Activity is measured in becquerels, Bg (where 1 Bg ks | decay per second).

The Radioactivity of a Source Decreases Over Time

1) Each time a radicactive nucleus decays to become a stable nucleus, the

activity = o whole will decrease, (Older sources emit less radiation.)

2) For come isotopes it fakes just & few hours before nearly all the Eﬁ ml
unstable nuclei have decayed, whilst others last for millions of years. s

3) The problem with frying to measure fhis is that the activify ﬁ
nover reaches zero, which i why we have to use the idea

of half-life o measure how quickly the activity drops off.

g

The Mﬂﬂ iz tha time taken for #he numbe

4) Half-life can alzo be deseribed as the time taken for the
activity (and so count-rate) to fall fo half of He initisl value.

The initial activity of a sample is 640 Bg Calculate the final ::\:‘!\;-:';;;L;!‘rrr;:dlc:humc‘:

activity as a percentage of the initial activity after two half-lives. = m'&WEﬁWiﬁﬂﬂ'ﬂg_\& =
1) Find the activity alter each half fife 1 haltlife 640 2320 = ,m”;m:iaﬁmﬂ :
2} Mow doade the [nal activity by the infial activity, 2 half-tives: 320 + 2 =160 F TRy g gy

then multply by 100 to make it a percentage. 60 + 640) « 100 = 025 x 100 = 25%

You Can Measure Half-Life Using a Graph Mﬂ:"g {B_ﬂ?_ B

1) If you plot a graph of sclivily against time, ook
it will always be shaped like the one fo the right. se——

2) The half-ife is found from the graph by finding fhe 400} >
fime inferval on fhe botom més corresponding fo et I I
a halving of the sctivify on the vertical exic. Easy. il

T R T
-;1.’1rI.II1I1|'|'|JI'IllII_-__
—r Each of these sections

(AREE RN

= halHife is 2 seconds. I
ST

[u] ] 4 ' [ 'T".-.f[;;

The half-life of a box of chocolates is about five minutes...
Half-life — the time for the number of radicactive nuclei, the activity or the count-rate to halve. Simple.

o1 The initial count-rate of a sample is 40 cps. Show that the ratio of
its firal count rate to its initial count rate is 1:8 after three half-lives. [3 marks]
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Irradiation and Contamination

Time o find ouf how to reduce the riske associafed with working with radioactive sources.

' There are Risks to Using Radiation

lonfsing radiation ean enfer fiving cells and lonise afome within them. This can dapags

. Exposure to Radiation is called Irradiation

1) Objects near a radicactive source are irradiated by . This simply means they're sxpozed fo #.
2} lradisting something does not make # radicactive (and won't furh gou into a suparhero). .
3} Keeping sources in |ead-lined boxes and standing behind barriers when

uzing sources are commoh ways of reducing the effects of frradiation.

4} In some indusiries, the source may be in 8 different room
and remote-condrolled srms are used to handle it.

i Cnntaminaﬁnn is Radioacti_ve Ea:rtEles Getting onto Ehiects i

1} W unwanied radicactive stoms get onto or indo an object, the object is zaid to be contaminated.
E.g. ¥ you touch a radicactive source without wearing gloves, your hands would be contaminated.
2} These confamineting stoms might then decay, releasing radiation which could cause you harm.
3) Contaminetion is especially dengerous because radicactive parficles could get inside your body.
4) Gloves and fongs should be used when handling sources,
1o avold particles getfing stuck fo your skin or under your nails.

5} Bome indusirial workers wear protective suifs fo stop them breafhing in parficles.

The Seriousness of Irradiation and Contamination Depends on the Source |

Contamination or irradiafion can cause different amounts of harm, based on the radiafion fupe.
1} Outside the body, beta and gamims sources are the most dangarous.
2} This iz because beta and gamima can penetrate the body and get fo the delicate organs.

3) Alpha iz less dangerous because it can't penstrate the skin
and is easily blocked by a small air gap (p.198). ’

4} High levels of iradiation from all sources are dangerous, @ DANGER
but especially from ones that emit bets and gamma. RALIOACTIVE SOURCE

B) [Inside the body, alphs sources are the most dangerous, because they do Do not touch, eat,
all their damage in a very localised area. Bo contamination, rather than Shawscns it bk s

irradiation, iz the major concerh when working with alpha sources.

B8] Beta sources are less domaging inside the body, as radisfion s absorbed over a wider area,
and some pasces out of the body eltogether. Gamms sources are the least dangerous incide
the body, &s they mostly pess streight out — they have the |lowest ionising power, p.196.

The more we understand how different types of radietion affect our bodies, the better

we can prodect ourselves when using them. This iz why s so important that research

about this is published. The data is peer-reviewed (see p.l) and can quickly become

accepted, leading fo many improvemends in our use of radivactive sources.

Top tip number 364 — if something is radioactive, don’t lick it...

Make sure you can describe how to prevent irradiation and contamination, and why it's so important that you do.
Q1 State one way of preventing irradiation. 1 mark]
Q2  Foragamma source, is contamination or irradiation a larger concern? [1 mark]
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Revision Questions for Topics P3 & P4

At last, Topics P38 and P4 done and dusted. Time 1o see what you've abeorbed. 418 1MIRTEMILIRLLIRITELAER [ EDe,

- Try these questions and fick off each one when you get i right. S M T

*  When you're completely happy with a sub-fopic, fick it off. T o e
The Particle Model, Motion in Gases and Density (p.191-192) [ |

1} What are the three stafes of matter? H
2} For each state of matter, describe the arrangement of the particles.

3) Explain how a gas in a sealed confainer axerfz o pressure on the walls of the confainar.

4) What is the formula for density? What are the units of densiy?

5} True or falze? Solide are usually denser than gases.

8) Describe how you could find the volume of an irregular solid object.

Internal Energy and Changes of State (p.193-194) [ |

7) What iz internal energy?

8) What happens to the parficles in a substance when that substance is heated?
9) Name the five changes of siste.

10} True or false? Masz stays the same when a substance changes state.

M) Sketch a graph of femperature against fime for a gas being cooled. Your graph should show the
points that the gas furns info a liguid end that the liquid furns into a solid.

12) Define specific latent heat. Give a formula for specific latent heat.

The Etomic Model (p.195) '_'

13) True or false? People used fo believe that atoms were finy spheres
that eculdn't be broken apart.

14} Describe Rutherford and Marsden's experiment which disproved the plum pudding model.
15) What happens to ah electron in an atom i H releases EM radiation?

18] Who provided evidence to suggest the existence of the neutron?

17) True or falce? Heetronz make up most of the mass of an stom.

18] What iz the overall charge of an atom?

19) What happens to an stom if # lozes one or more of e electrons?

Nuclear Decay and Hali-life (p.196-198) [ |

20) Which number defines what element an afom is: the atomic number or the mass number?

) What iz the atomie number of an atom? What s the mase humber of an atom?

22) What iz an isotope? Are they usually stable?

232) For the three fypes of ionising radiation, give: a) fheir jonising power,  b) their range in air.
24) Draw the symbols for both alpha and bets radiation in nuclear equations.

25) What is the activity of a source? How does activity relate fo count-rate?

28) Define half-ife and describe how to find a source's half-life, given a graph of He activity over fime.

Dangers of Radiation (p.199) [ ]
27} Define irradiation and contamination.
28) Give two examples of how fo protect against: a) confamination, b} iradiation.
29) Compare the hazards of being rradiated and contaminated by:
a) an alpha source,  b) a gamma source.
Topic P4 — Atomic Structure
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Contact and Non-Contact Forces

When you're talking about the forces acting on an object, H's not enough fo just talk sbout the size of
each force. You need to know their direction too — force is a vector, with a size and a direction.

Vectors Have ﬁtag:iﬁude and Direction
1) Forceisa '-f_i_.'ﬂjtlZ;E quantiiy — vector quantities have a magnitude and 8 direction.
2) Lote of phuysics! quanditics are vector quantiies:
Vestor guantitize: force, velocHy, displacement, acceleration, momenfum, efc.
3] SBome physical quantifies ordy have magnitude and no direction. These are called coslor guanditics:
Sceler gquantities: speed, distance, mass, temperature, fime, etc.

and the direction, of the arrow shows the diresiion of fhe quaniiy.
Velociy is @ vecior, but speed is a scalar quantity.
Both bikes are travelling at the same speed, v
{the =ngih of each arrow is the same).
They have different velocifies because
they are travelling in different direciions.

Forces Can be Contact or Non-Contact

1) A’r‘nmehawﬂmnp&tlmwuﬁjmﬂh;muadhgi’rrniurgcmmhmrmlhhg.
2) Al forces are either confact or hon-contect forces,
3) When two obiecis have to be fouching for a force fo act, that foree is called 8 contact force.

E.g. friction, air resistance, tension in ropes, normal contact force, efc.

4) | the objects do not need to be fouching for the force to act, the force is 8 non-contact force.
E.g. magnetic force, gravitational force, electrostatic force, efe.
5] When two objects inferact, there is a force produced on bofh objects.

An inferaction pair is a pair of forces that are equsl and opposie and act on fwo inforsciing ohjects.
{Thiz is basically Newlon's Third Law — see p.212.)

The Sun and the Earify are atfrected fo A chair exerts s force on
each other by the grovitationsl force. the ground, whilst the
This is & non-condact force. pground pushes back at

An squal but opposite force of attraction the chair with the same o
iz felt by hoth the Sun and the Earth. force (the normal contact

Sn = attracted fﬂ!’l}ﬂ}. MMM -.
to the Earth forces are felt by both the
chair and the ground. . -
Earth is atiracted nngmmd

to the Sun

My life’s feeling pretty scalar — I've no idea where I'm headed...
This all seems pretty basic, but its vital you understand it if you want to make it through the rest of this topic.

Q1 A tenmis ball is dropped from a height. Name one contact force and one non-contact
force that act on the ball as it falls. [2 marks]

Q2  Mame two examples of: a) a scalar quantity b} a vector quantity [4 marks]
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Weight, Mass and Gravity

Now for something a bit more attractive — the force of gravity. Enjoy...

Gravitational Force is the Force of Atiraction Between Masses

Grayvity attracts gll masses, buf you only notice i when one of the masees is peally really big, o.g. a planet.
Anyfhing near a planet or star is atiracted to H very strongly.
Thiz has twe important effecis:
1) On the surface of a planet, # makes all things

fall towards the ground.

2) It gives everything a weight.

Weight and Mass are Not the Same

1) Mass s just the amount of "siufl’ in an object. For any given
object thiz will have the same value srywhere in the universe.
2] Weight is the force acting on an object due o gravity (the pull of the gravitational force on the object).
Close to Earth, this foree is caused by the gravifationsl fisld around the Earth.
3) Gravitational field strength vares with location. W's stronger the doser you
are to the mass causing the field, and stronger for larger masses.
4) The weight of an object depends on the sirengih of the gravitational field at the location
of the objecf. This means that the weight of an object changes with Hs location.
6) For example, an object hes the same mass whether #'s on Earth or on the Moon — but its weipht
will be differsrd. A 1 kg mass will weigh [ess on the Moon (ebout 1.8 N) than i does on Earth
|about 9.8 N}, simply because the gravitational field sirength on the surface of the Moon s Jess.
B8) Weight is a force measured in newions. You ean think of the force as
acting from a single point on the object, called He cendre of mass
{a point at which you assume the whols mass ke concentrated).
For a uniform object {ohe that's the same density, p.192, throughout
and is a regular shape], this will be at the cenfre of fhe object.
7) Weight is measured using a calibrated spring balance {or newionmeter).
B) Mazs is not a foree. H's meassured in kilograms with 8 masze balance

(an old-fashioned pair of balancing scales).

Mass and Weight are Directly Proportional

1} You can calculate the weight of an object if you know s mass (m)
and the strength of the gravitationsal field that it is in (g):

Woeight (N) = Mass (kg) x Gravitational Field Strength (N/kg) ¢

2) For Earth, g = 9.8 N/kg and for the Moon it's around 1.6 N/kg. m b4
Don't worry, you'll always be given a value of g to use in the exam. g

3) Increasing the mass of an object incresses Hs weight. If you double the mass, the
weight doubles too, 80 you can say that weight and mass are directly proportional.
4) You can write this, using the direct proportionality symbol, as W = m.

I don’t think you understand the gravity of this situation...
Remember, weight is a force due to gravity that acts from an object’s centre of mass_ 1t changes depending m
on the strength of the pravitational field the object is in (and is directly proportional to the object’s mass).
o Calculate the weight in newtons of a 5 kg mass:

a) on Earth (g = 9.8 Wka) b} on the Moon (g = 1.6 Nke) [4 marks]
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Resultant Forces and Work Done
I'm sure you're no stranger to doing work, but in physics it's all to do with overall forces and enerpu.

Free Body Diagrams Show All the Forces Acting on an Object
1) You need o be able {o descrilie all the forces acling on an isolated object
of a sustem (pdBT) — be. cvery foree aciing on the object o system but drag
nore of the forces the object or system sxeris on the rest of the world.
2} For example, a shydiver's weighi scts on him pulling hitn towards the ground and
idrag (air recictance) aleo acts on him, In the opposite diceckon fo his motion.
3} This cah be shown using 8 free body diagran like the one on the right.
4) The sizes of the arrows show the relafive maghiiudes of the forces and weight

A Resultant Force is the Overall Force on a Point or Oh_ject .

I} Inmost real situations there are af least two forces acting on an object along any direction.

2) W you have a pumber of forces acting st a single point, you can replace them with a single force
{s0 long as the single force has the same effect as all the original forces together).
3] This Hihgh force iz called the resultant force. (Thee's a dovwvsasd resuttant force .ldinguﬂﬂ]l;‘u_qﬁm albowa )

4) W the forces afl act along the same line (they're all paralled), the oversll effect s found by
adding those going in the same direction and sublracting any going in the opposite direction.

For the free body force diagram given, calculate the resultant force acting on the van.

1) Consider the horizontal and Verticak 1500 — 1500 = 0 N LG
Mectical dirachione: separately Horizontak 1200 — 1000 N =200 N 1200 N Y8R 1000 N

2) State the sze and direction The resultant force is 200 M to the left
of the resultant force.

If A Resultant Force Moves An Object, Work is Done

When & force moves an object through a disiance,
ENERGY |18 TRANDFERRED and WORK 18 DONE on #he object.

1} To make something move (or keep i moving if there are friclional forces), a force must be applied.
2) The thing applying the force needs a source of shergy (ke fus! or ).
3} The force does 'work' 10 move the chject and energy is fransferred from one store to another (p.187).

4) Whether energy is fransferred "usefully’ (e.g. lifting a load) or ks "wasted' (p.170) you can shll say that
'work iz done'. Just like Batman and Bruce Wayne, 'work done' and "energy trancferred’ are the same.

When you push something along a rough surface (lke a carpef) you are doing work against frictional
forces. Energy is being francferred to the kinetic energy store of the object becsuse i starts moving,
but some iz also being fransferred fo thermal energy stores due to the friction. This causes the
overall femparature of the object fo increase. (Like rubbing your hands together fo warm them up.)

E} You can find out how much work hes been done using: —_— Force [M)
8) One joule of work is done when a force of one newfon causes Diistance

an object fo move a distance of one metre. You need 1o

Wark (moved along the line of
be able o convert joules to newlon metres: 1 = 1 Mim. .

done {]) action of the force} (m)

Consolidate all your forces into one easy-to-manage force... :
Free body diagrams make most force questions easier, so start by sketching one. Then pet to work. !
Q1 A force of 20 N pushes an object 20 em. Caleulate the work done on the object. [3 marks] LIEZ0
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Calculating Forces

Seale drawings are useful things — they can help you resolve forces or work out the resultant force.

Use Scale I.'Irawing_*s to Find Resultant Forces |

1} Draw all the forces acting on an object, to scale, "fip-to-tail’.

2) Then draw a siraight fine from the start of the first force to
the end of the last foree — this is the resulfant foree.

3} Measure the length of the resubtant force on the diagram fo find
the magnitude and the angle to find the direction of the force.

A man is on an electric bicycle that has a driving force of 4 M north. However, the wind
produces a force of 3 N east  Find the magnitude and direction of the resultant force.

- = . ———
1) Start by drawing a scale drawing of the forces acting. * Iom k] : w
o am ™=
2} Make sure you choose a sensible scale (eg 1em =1 M) drarwant 0 scale
3] Draw the resultant from the tail of the first
3 4 em / Resultant
arrow to the bip of the last arrow. L e
4] Measure the length of the resultant with a ruler and use the =
scale to find the force in . UL ETEEEGRLITE TR DETRE Ty, ar
—— = Abeanng ks an anghe measured = st
5) Use a protracter to measure = chockwize from north, gwven asa = " Resultant force is 5 M
the direction as a bearing. = 3 digt number, eg 10% =010% = | on a bearing of O37°.
SRR NI R R AN L PR NANTRE R

An Object is in Equilibrium if the Forces on it are Balanced
1) 1f all of the forces acting on an object combine to give

a resultant force of zero, the object is in agquilibrum. G =g R
2] On & posla diagrign, this meana fhat The i of tha last Toros i S \<F
draw should end where the fail of the first force you drew begine. !
E.g. for {hree forces, the scale diagram will form a trangle. Tip-to-tail the
8} You might be given forces acting on an objsct and fold o find a missing force, orc e g
given that the object is ih equilibrium. To do this, draw out the forces you do F, F,
know (1o seals and Hp-fo-fail), join the end of the TTETELE R i L, N
last force o the start of the first force. =" Make sure you draw the st = :
This line is the missing force so you can = _‘Dﬂ‘“ﬁ*ﬁﬁh}ﬂﬂﬂh{ii m&:i:ﬂft
moacure Hs size and ditection. = "kt e e =
R LR ENARNAREEREE A H
You Can Split a Force into Components
1) Not all forces act horizondslly or verfically — some sct at pwhwsrd angles.
2) To make these gasier to deal with, they can be 2piit into two components
at right angles fo each other (usually horizontal and vertical). E }
3} Acting togather, these components have the same offect as the gngle force. snmponent
4) You can recolve a force (spit # info components) by drawing # on a ccale
prid. Draw the fores {0 scole, and then add the horizordol and vertics] S ozt
components along the grid line=. Then you ean just meszure them. g

Don’t blow things out of proportion — it’s only scale drawings...
Keep those pencils sharp and those scale drawings accurate — or you'll end up with the wrong answer.
ol An object in equilibrium is being acted on by three forces.

The first force is 0.50 N acting south and the second force is 030 N acting on a bearing of 0457
Find the magnitude and bearing of the third force. [3 marks]
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Forces and Elasticity

Stretching, Compressing or Bending Transfers Energy

1} When you apply a force fo an object you
may cause H o streich, compress or bend.

2} Yo do this, you need more than one foree acling
oh the object {otherwise fhe object would simply move in
the direction of the spplied force, instead of changing shapej.

3) An cbject has been elastically deformed if H can go back fo He
origingl chape and length after the force has been removed.

4) Objects that can be elactically deformed are called efastic objects (e.g. a spring).

5} An cbject has been inelssfically deformed F H doesn't refurn to He
origingl shape and |angfh after the force has been removed.

8) Work is done when a foree sirefches or compresses an object and
causes energy to be transferred o the alastic potentlal epergy store of
the object. If it is elastically deformed, ALL this energy is fransferred  ©
to the object's elastic potendial energy store (see p.168).

1

1T

-

-

“
)
M=
na— (0000000 >

| Pludic algeciy — ansdull
nearing smal dhildren

Extension is Directly Proportional to Force...

i a spring is supported at the fop and then a weight iz atfached to the bottom, i stretches.
Forca, F 1) The extension of 8 sfretched spring (or other elastic object) ks

{ directly proportional to the load or force applied — so Fae.
fa=s 2 iz th ation:
,:::‘ ) Thla @ equ Spring constant (M/m)
Naturl
I o~
{ “%j\ Extension {m)

3) The spring constant depends on the materal that you are
efrefching — a stiffer spring has a greafer spring constant.

4} The equation also works for compression (where e is just the difference

Foree, F between the nafural and compressed lengths — the compression).

:}fu
?

i ':'::'-'_1 s

...but this Stops Working when the Force is Great Enough

There's a limi fo the amount of force you can apply fo an object for 4
the extension to keep on increasing proporfionally. E
1) The graph shows force against extension for an elastic object. i
2} There iz a maximum force above which the graph curves, showing

that extension is no longer proporfional to force. This is known as the

limit of proporfionaliy and ie shown on the graph at the poind marked B
3) You might see graphs with these axes the ofher way around

— exfension-foree graphs. The graph sfill starts has a

etraight part, but ciariz to curve upwards once you go past s
the limit of proportionality, instead of dowrwards. Extension

I could make a joke, but I don’t want to stretch myself...
That equation is pretty simple, but that doesn’t mean you can skip over it. Have a go at the question below. H

Q1 A spring is fixed at one end and a force of 1 N is applied to the other end, causing it to stretch. 01 Yidoo
The spring extends by 2 cm. Calculate the spring constant of the spring. [4 marks]
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Investigating Springs

You can do an easy spedment to see exactly how adding masses Yo a spring eauses i fo slrodch,

You Can Investigate the Link Between Force and Extension | |

Bet up the apparatus as shown in the diagram. Make sure you have plenty
of extra masses, then measure the mass of each (with a mass balance)
and calculate ifs weight (the force applied) using W = mg (p.202).

You could do a quick pilot experdment first to check your masses are 8 good size:

= Using an identical spring 1o the one you'll be tesfing, load it with masses one at a
tine up to a tofal of five. Measure the exfension each fime you add another mass.

= Work out the jncrease in the axtension of the spring for sach of your masses.
If any of them cause a bigper incresse than the previous masses, you've gone
past the spring’s limi of proporfionalify. If thiz happens, you'll need fo use
smaller masses, or else you won't get enough measurements for your graph.

1) Measure the natural length of the spring (when no load is applied) with a
miliimeire ruler clamped 1o the stand. Make sure you fake the reading at
eye level and add a marker (e.g. a thin strip of tape) to the botiom weighted stand
of the spring fo make the reading more accurate. L TR TRV

To chedk whether the
2} Add a mass to the spring and allow it to come fo rest. Record the mass and

I*hl"md.llm % dﬂt{ oF
measure the hew lengih of the spring. The extension is the change in length. ifselaastic, you can remove

RRNRRY IS

BErhani™

—"“f"r"-l'ﬂl‘ﬂ'n rarily and =

3} Repesi this process undil you have enough measurements (ho fewer than B). thn;ﬂgm!mﬂi_
4) Plol a force-exinsion graph of your reaube, e b o i,

I*mmgm{_hm”mu mﬂﬂdﬂlﬂikﬂ”ﬂfmﬂm‘ﬁﬂmﬁg y TEAON RV gLy

but don't worry if yours doesn't (as long as you've got the straight line bit). 5 ™

B S

s When the line of bast B Is a siraight line If mesns fare io a linasr eaat]

see previous page). F = ke, so the predient of the straight line s £

equal to k, the spring constant. ’i

*  When the line begine to bend, the relationship iz now hon-lnesr between force «
and extension — the spring stretches more for each unif increase in force.

Extension [m]:
You Can Work Out Energy Stored for Linear Relationships

I} Anlnngm a spHng is not steetched past He Lok O TR RSN AR AR
of proportfionalify, the work done in sirefehing = The energy in the elntic 4
; potentil energy store 7
{or compressing) a spring can be found using: s el g e
Spring coenstant (M/m) eiqual Lo the ares under 3
3 farue-extensan gragh up
Blastic potenti —A o b that point:
Energy ﬂ] Eﬂ - fﬂkﬂ Extension {I'll] f.l|||.|'||l.1||||II“|II-“|'1|"“'“|'|”'"
2} For glastic deformation, this formula can be used to celculate the enerpy stored ina
spring's elastic potential energy sfore. 's also the energy iranslerred fo the spring
as H's deformed (or fransferred by the spring as i refurns to s originl shaps).

%
RN IR AR

Time to spring into action and learn all this...
Remember, you can only use the gradient to find the spring constant if the graph is linear (a straight line).
o1 A spring with a spring constant of 40 N/m extends elastically by 2.5 cm.

Calculate the amount of energy stored in its elastic potential energy store. [3 marks]
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Distance, Displacement, Speed and Velocity

Time for 8 quick recap on distance and speed. You should race through this page. On your marks...

Distance is Scalar, Displacement is a Vector

1} Disfanee is just how far anh object has moved. 's a scalar quantity (p.201) so # doesn' involve direction.
2} Displacement Iz a vector quanfity. | measures the disfance and direction in a sirsight ne from an

object's siarting point fo He finishing point — e.g. the plane flow & melres norih. The direction could
be redstive fo a point, e.g. fowards the cchool, or 8 bearing (8 three-digit angle from north, e.g. 035°).

3} If you walk & m porth, then 5 m gouth, your displacement is O i but the distance fravelled is 10 .

| Speed and Velocity are Both How Fast You're Going |
1} Speed and velocky both measure how fact you're going, but speed iz a scalar and velocHy is 8 vecior:

Speed s just how fast you're going (e.g. 30 mph or 20 m/s} with ho regard o the direction.

Velocity is speed in a given direction, a.g. 30 mph north or 20 m/s, 060°.

2} This means you can heve objects travelling af a constant speed with a changing velocity,.
This happens when the object is changing direction whilst staying at the same speed.
An object moving in a circle st a constant speed has a consfandly changing velocity,
as fthe direction iz always changing (e.g. 8 cor going around & roundabout).

3) If you want fo measurs the speed of an object that's moving with a constand speed, you should
firme how long # fakes the object fo travel 8 certain distance, e.g. using a ruler and & stopwatch.
You can then celculste the object's speed from your measurements using this formula:

distance travelled (m) = speed (m/s) X Hime (s)

4) Objects rarely travel at a constant speed. E.g. when you walk, run or fravel in a car, your speed is
always changing. For these cazes, the formula above gives the sverage (mean) speed during that fime.

You Need to Know Some Typical Everyday Speeds

1) Whilst every person, frain, car etc. is different, there iz usually a fypical speed thet
each object fravels at. Remember these ypical speeds for everyday objects: m

? A person walking — LEm/s A car — 25 m/s

A person runhing — 3 m/s A train — 30 m/s
A person cycling — B m/s A plane — 260 m/s

2) Lots of different fhings can sffect the speed something fravels af. For example, fhe speed at which
a person can walk, tun or cycle depends on their filness, their age, the distance fravelled and the
terrain, (what kind of land they're moving over, e.g. roads, fields) as well as many other factors.

3) W'z not only the speed of chjecis that varies. The speed of sound (330 ny's in gir) changes depending
on what the sound waves are fravelling through, and the speed of wind is affected by many factors.

4} Wind speed can be affected by things lke temmperature, atmospheric pressure and if there are any
large buildings or structures nearby (e.g. forests reduce the speed of the air travelling through them).

ey -

Ah, speed equals distance over time — that old chestnut...
Remember those typical speeds of objects — you might need to use them to make estimates.
1 A sprinter uns 200 m in 25 5. Caleulate his speed. [3 marks]

2 Marie walks her dog after school. She takes a route of 1500 m that starts at and returns
to her house. State: a) the distance she travels b} her displacement [2 marks]
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Uniform acceleration sounds fancy, but H's just speeding up {or slowing down) at a constant rate.

Acceleration is How Quickly You're Speeding Up
1) Acceleration iz definbely not the same as velocily or speed. el
2) Acceleration is the chznge in velocity in & cerfain amount of time. A eat accelerates at 2.5 m/s’

. from 2.0 m/s to 6.0 mfs.
3] You can find the age acceleration of bject using:
o gii: . i g g Find the time it takes to do this.
Change in velocity (m/s) E B o

=(60-20)+25=16s

Aucceleration {m/s)
Timie (s}

4) Depplerstion is just negative acceleration [ something slows down, the change in veloeiy is negativa).

You Need to be Able to Estimate Accelerations E

You might have to sstimate the scceleration (or deceleration) of an object.
To do this, you need the typical cpeeds from the previous page:

A car is travelling along a road, when it collides with a tree and comes to a stop.
Estimate the deceleration of the car. Vi gyl e oF o 1529 e

1) First, givé a sensible speed for the car to be travelling at. The car comes to a stop in -1 s

2} Mext, gstimate how long it would take the car to stop. a= N+t ..__'.IEI_IILIIHI.LIDIH_HI|IIIII_'!_'|III(;
3] Put these numbers into the acceleration eguation. = (25} +1 ; B :}i"[:m IL::T _E
4] The question asked for the deceleration, =o you can lose =25 mfs’ TR LT i

the minus sign {which shows the car is slmving down): So the deceleration is =25 m/s®

Uniform Acceleration Means a Constant Acceleration

I} Constant scesleration is sometimes called uniform scceleration.

2) Acceleration dus fo gravity (g) s uniform for objects in free fall. W's roughly equal 4o 9.8 m/s"
near the Earth's surfece and hes the same value as gravitational field cirength (p.202).

3) You can use this squation for uniform sceolerafion: Aeceleration [mys") -‘“Tnlii;f T
| : = eebucity is just
ﬁ“a:“:r;sl;t'tr Gistanis {m} - the st,amnﬂ mw

:"rl 1 r‘ﬂ-lhe object, s

Initial velodity {m/s) LR PEEYN S AT
_IH; A van travelling at 23 m/s starts decelerating uniformly at 2.0 m/s® as it heads towards

a built-up area 112 m away. What will its speed bz when it reaches the built-up area?

PR ey

1) First, rearrange the equation so v is on one side. V=t 2as

2} Mow put the numbsrs in ~— remember 4 is V23 + 2 2.0 x T12)
negative because it's a deceleration, =81

3) Finally, square root the whole thing. v Bl =0 mb

Uniform problems — get a clip-on tie or use the equation above... ﬁ

You might not be told what equation to use in the exam, so make sure you can spot when to use the
equation for uniform acceleration. Make a list of the information you’re given to help you see what to do.

Ol Vidso
Q1 A ball is dropped from a height, k, above the ground. The speed of the ball just Sl
before it hits the ground is 7 m's. Calculate the height the ball is dropped from.
{acceleration due to gravity = 9.8 m/'s?) [3 marks]
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Distance-Time and Velocity-Time Graphs

You need to be able to drow and interpret distance and velociy-time graphs.

You Can Show Journeys on Distance-Time Graphs |
If an object moves ih a sfraight line, He disfence travelled can be plotted on a disfance-fime graph.

.y

Tkaudnca o) Dedasig. 1 Cradent = speed. (The sleeper the graph, the fsler #'s dong.}

This is because: speed = distance + time
= (change in vertical axis} + {change in hoszonfal axic).

: Spped Hecelerating 2} Flat sections are where i's stationary — H's sfopped.
8) Birsight uphill sections mean i is fravelling af a steady speed.
__fzsuaﬂ_y spreed 4) Curves represent acceleration or deceleration (p.208)

! b) A steepening curve means H's spesding up (increasing gradient).

7

Time (5} © @) A levelling off curve means it's slowing dowr.

If the object is changing speed (accelerating) you ean find ite speed at o point
by finding the gradient of the fangent to the curve at that point, p.146.

" You Can Also Show them on aVelocity-Time Graph
How an object's velocity changes as it fravels can be ploted on & velocify-fime graph.

1)

Gradient = aceeleration, sihce acceleration ts change in velocity + fime.

2) Hat sections represent fravelling at a sleady speed. * Velodty (m/s)
3) The steaper the graph, the greater the Steady spesd
aceoleration or decelerafion. iy
4) Uphill sections (/) are sccelarafion. ot m \
| Corstant
5} Downhill sections (\) nra dma!nraifnn. ;r_:: deceleration
8) A curve means changing accelerafion. / “;“*‘." .
1Fthe gragh is curved, you can use a tangent to the curve s i I" > Time {5
at a point to find the acceleration at that point it
7) The sres under any section of the graph (or all of #) iz equal fo the dislance travelled i thet fime inferval.
8) I the section under the graph is frregulsr, H's easier fo find the area by counfing the
squares under the line and mulliplying the number by the value of ohe square.
The velocity-time graph of a car's journey is plotted. Welocity (myfs)
a) Caleculate the acceleration of the car over the first 10 s
b} How far does the car travel in the first 15 s of the journey? 20
a) This is just the gradient of the line a=Rv+ =20 + 10 =2 mfs*
b} Split the area into a triangle and a Area = (% » 10 = 20) + (5 = 20)
reckangle, then add together their areas. =200 m

Or find the value of pne sguare, count the 1square=2m/sx1s=2m o 5 10 15
total number of squares under the fine, and Area = 100 squares = 100 = 2 = 200 m
then multiply these two values together.

Understanding motion graphs — it can be a real uphill strugqle...
Make sure you know the difference between distance-time and velecity-time graphs, and how to interpret them.

01

Q2

Sketch the distance-time graph for an object that accelerates
before travelling at a steady speed. [2 marks]

A stationary car starts accelerating increasingly for 10 s until it reaches a speed of 20 m/'s.
It travels at this speed for 20 5 until the driver sees a hazard and brakes. He decelerates uniformly,
coming to a stop 4 s after braking. Draw the velocity-time graph for this jouney. [3 marks]
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Terminal Velocity

Ever wondered why i's so hard to run into & hurdcane whilst wearing a sandwich board? s all to do with the
air around you causing drag. Read on fo find out more ebout drag end how it affects ferminal velocHy...

Friction is Always There to Slow Things Down

1) W an ohject has no force propelling it along i will alweys slow down and stop because of fricfion
{unless you're ih space where there's nothing fo rub againet).

2) Fricfion always acls in the opposite direction to movemendt.

3} To travel at a sleady speed, the driving force needs o balance the frictional forces (see next page).

4) You get fiction between two surfaces in confact, or when an object passes through a fluid (drag).

B) You can reduce frction between surfaces by using a lubricand (p.I7).

Drag Increases as Speed Increases |

1) Drag iz the resictance you get in & fluid (a gas or a lquid). Ak recictance iz a fype of drag.

2) The most importand factor by far in reducing drag iz keeping the shape of the object streamlined.

3) This iz where the object iz desighed to allow fluid fo flow easily across i, reducing drag.
Parachutes work in the opposite way — they want as much drag as they can ged. e

4) Frictional forces from fluids alweys increase with speed. A car has much more m
friction to work against when fravelling at 70 mph compared o 30 mph. 8o ot Air Baws easily over
70 mph the engine has $o work much harder just to maintain a gteady speed. o tcmriind

Objects Falling Through Fluids Reach a Terminal Velocity |

1) When a falling object firet et off, the force of gravity is much more
than the frictional force slowing # down, so i sccelerafes. .
2) As the gpeed increases the friefion builds up.

3) This gradually reduces the scceleration untl eventually the frictional foree i
e equal to the sceelerating force {so the resultant foree iz zero). Pl with Siyie
4] It will have reached s maximiem spead or {erdnal velociiy and will fall at a steady speed.

Terminal Velocity Depends on Shape and Area

1) Typically, the less sireamlined an object s, the lower Hs terminal velocify.
2) 8o objects with |large surface sreas tend o have lower ferminal velocities.

3) For example, i you dropped & marble and a beach ball off a tall bullding, the marble’s
terminal velocHy would be higher than the terminal velocity of the beach ball.

4) This is because there is more air resistance acting on the beach ball, af any given spead.
5) 8o the beach ball spends less fime sccelerafing (and so doesn't speed up as
much} before the alr resistance is large enough to equal the accelerating force.

Learning about air resistance — it can be a real drag...

Frictional forces are pretty much everywhere and they crop up again and again in physics, so make sure you are
comfortable talking about them. Then move on to explaining how drag affects an object’s terminal velocity.

Q1 Explain why a ball falling from the top of a tall building reaches terminal velocity. [3 marks)
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Newton’s First and Second Laws

In the 16805, a chap called lzaac Newion worked out his dead useful Laws of Moficnh. Here are the first fwo.

A Force is Needed to Change Motion
This may seem simple, but H's imporfant. Mewion's First Low says thet a resultant

If the resultant foree on & sfationary object = zero, the object will
remnalh stationan). If the resuliant force on a moving object is zeeo, Hl
juet eary oh moving st the game velockh) (same speed and direcfion). AT T

8o, when a traih or car or bus or angthing else iz moving at a consfand veloeiy, <=[TURIEIA] n -
the resistive and driving forces on # must all be balanced. The velocity will only =
change if there's a non-zero resultant force acting on the object.
1) A non-zero resuliant force will always produce accelerstion |or deceleration) in the direction of the force.
) Thie "scesleration” can fake five different forme: starting,

stopping, speading up, slowing down and changing direction. ‘
3} On a free body diagram, the srrows will be unegqual.

Acceleration is Proportional to the Resultant Force

1} The larger the resultant fores sefing oh an object, the more the object accelerates

2) Acceleration iz alzo inversoly proporfionsl fo the mease of the object — 2o an object with a
lorper mass will secelerate (225 than one with 8 smaller mass (for a fed resuliant force).
3) There's an incredibly useiul formuls that deseribes Newlon's Second Lew:

Acceleration [m/s?)
Resultant force (IN) —m
Mass (kg)

o DT E
M A van of mass of 2080 kg has an engine that provides a driving force of 5200 M.
At 7O mph the drag force acting on the van is 5148 M. Find its acceleration at 70 mph

1 Work out the resultant force on the van. Resultant force = 5200 — 5148 = 52 ™
(Crrawing a fres body diagram may help) a=F+m
2) Rearrange F=ma and stick in the values you know: =52 + 2080 = 0.025 mfs’

You ean use Newlon's Becond Low to get an idea of the forces involved in everyday fransport.
Large forces are needed fo produce large sceelerafions:

2 Estimate the resultant force on a car as it accelerates from rest to a typical speed.
1) Estimate the acceleration of the car, using A typical speed of a car s ~25 m/fs.

lypica! speeds from page 207, It takes ~10 s to reach this.
(The — means approximately) Soa=fv=t=25+10=25m/s’
2} Estimate the mass of the car Mass of a car is ~1000 kg

3) Put these numbers into Blewions 2nd Law: S0 using F=ma=1000 = 25 = 2500 N
So the resultant force s ~2500 M.

Lccelerate your learning — force yourself to revise...

Short and sweet, just how 1 like my equations. Sadly you can’t get away with just learnimg those symbols — i
make sure you've got your head around both of those laws, before moving on to Newton's third and fmal law. e
o1 Find the force needed for an 80 kg man on a 10 kg bike to accelerate at 0.25 m/s®, [2 marks] B
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Inertia and Newton’s Third Law

Make sure you really understand what's going on with f — especially i an object is in sguilibrium.

Inertia is the Tendency for Motion to Remain Unchanged |

1)  Until scted upon by a resultant force, objects af rest stay af rest and
objects moving at a steady speed will stay moving et that speed (Newlon's First Law).
This tendency to confinue in the same state of motion is called inerfia.

2} An object's inertial mass measures how difficult i is fo change the velocify of an object.

3) Inerfial mass can be found using Newton's Second Lew of F = ma (previous page).
Rearranging this gives m = F + a, so inerfial mass ks just the ratio of force over scceleration.

Newton's Third Law Involves Equal and Opposite Forces |
MNewton's Third Law says:

When fwo objects interact, the forces they
axart on each ofher are squal and opposite.

1) If you push something, say a shopping trolley, the trolley will push beck against you, just as hard.
2) And as soon as you siop pushing, so does the frolley. Kinda clever really.
3) 8o far zo good. The dlightly tricky thing fo get your head round is this

— if the forces are always equal, how does anything ever po angwhere?

The important thing to remember is that the two forces are acting on different objects.

Ponter B
Bhonker A When skater A pushes on skater B (the ‘action’ force), she fesls
i an equal and opposite forcs from ckater B's hand (the "normal
contect’ force). Both skaters feel the same sized force, in
opposite directions, and so accelerate away from each other.
Skater A will be accelerafed more than skater B, though,
because she has a smaller mass — remember 8 = F + m.

An example of Newton's Third Law in an equilibrium sifuation is a
mah pushing againet a wall. As the mah pushes the wall, there
iz & hormal contact force acting back on him. These two forces
are the same size. As the man applies a fores and pushes
the wall, the wall 'pushes back” on him with an equal force.

H can be easy to get confused with Newton's Third Law

when an object iz in equilibrium. A book resting on the
ground is in equilibrium. The weight of the book is equal
to the normal contact force.

But this iz NOT Newton's Third Law because the two forces
are different fypes, and both ecting on the book.

Newton's fourth law — revision must be done with tea...

Mewton's 3rd law can trip people up, so make sure you understand exactly what the forces are acting on and |
how that results in movement {or lack of it). "Then have a crack at this question to practise what you know.

Q1 A car moves at a constant velocity along a road, so that it is in equilibrium. Give an i
example of a pair of forces that demonstrate Newtons Third Law in this situation. [ 1 mark)
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Investigating Motion

Bure, you can learn the different laws of motion, but doing an experiment for yourself can really help you to
understand what's going on. Read on for some shazzy ways 1o test how mass and force affect motion.

" You can Investigate how Mass and Force Affect Acceleration |

I's time for an experiment that tests Newlon's 2nd law, F = ma (p.211).

1} 8et up the apparatus shown below. Set up the trolley so # holds a plece of card with a gap in
the middle that will inferrupt the signal on the light gate twice. I you measure the lengfh of each
bit of card that will pass through the light gate and input this info the software, the light gate can
measure the velociy for each bit of card. It can use this to work out the sccelerstion of the frolley.
2} Connect the frolley o a plece of string that goes over a pulley and ks conhected on the
other side to a hook (that you know the mass of and can add more masses to).
3) The weight of the hook and any mazses aHached to # will provide the socelersting
force, equal o the mass of the book {m) * scceleration due fo gravity (g).
4} The weighi of the hook and masses secelerates both the trolley and the masses, so you
are investigating the accelerstion of the sustoes (the trolley and the masses together).
E) Mark a starling line on the fable the frolley light gate connected
s on, =0 that the trolley always fravels : to data bagger
puenfr..!‘d ﬁ[ﬂrmﬂq}uhr]

8] Place the frolley on the starfing line, holding ~ trofley of 2 pulley
the hook so the string is taul (hof loose hncirs e )
and fouching the fable), and releaze . |

7] Record the acceleration measured by the startir; line

light paie as the frolley passes through i.
This iz the acceleration of the whole system. hack of knawn mass

8) Repeat this fwice more fo get an average acceleration.

1} Toimwestigate the affect of mass, add messes to the frofiey one st & time
1o increase the mass of the system. Don't add masses fo the hook, or S g,
you'll change the force. Record the average ococlerafion for each mass. :—“ ;11:1-:.:'::1 bgt'u:mnum tralley
2) To investigate the effect of force, you need o keep the fotal mass of the = m:t.o ::gm N

system the sare, but change the mass on the hook. To do this, sfart = could use an air frack b reduce
with all the masses loaded onio the frolley, and fransfer the masses to = Hhis Friction (s track which hgvers —
the hook ohe at a fime, fo increase the scoalerating foree (the weight of oy '7 I':'i':‘?‘r?: Irelblm“air]. EE
the hanging masses). The mass of the sysfem stays the same as you're B b

only fransferring the masses from one parl of the sysiem (the trolley) to

Fijrarnass

Al

.

Newton's Second Law Can Explain the Results

1} HNewfon's Second Law can be written as F = ma. Hers, F = weight of the hanging
masges, m = mass of the whole sysiem and 8 = socelerafion of the system.

2) By sdding masses to the frollzy, the mass of the whole sysfem increases, but the force appled fo the
system stays the same. This should lead to a decrease in the acceleration of the frolley, as a8 = F + m.

3) By fransferring masses to the hook, you are increasing ihe accelerating force without changing the mass
of the whole system. 8o incressing the force should lead fo an increase in the acceleration of the trolley.

My acceleration increases with nearby cake...
Know the ins and outs of that experiment — you could be asked about any part of it or to describe the whole thing.

ol Explain how a light gate can be used to measure the acceleration of a trolley. {3 marks]
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Stopping Distances

Knowing what affects slopping distances is especially useful for everyday life, as well as the exam.

Many Factors Affect Your Total Stopping Distance

1} In an emergency (e.g. a hazerd shead in the road), a driver may perform an emergency stop. This is
where maximum force is applied by the brakes in order to stop the car in fhe shorfest possible distance.
The longer it takes to perform an emergency stop, the higher the dsk of crashing into whatever's in front.

2} The distance it fakes to stop a car in an emergency (Hs stopping distance) is found by:
Where the THINKING DISTANCE i how far the car fravels during the driver’s reaction fime
(the time betwean the driver seeing a hazard and applying the brakes). And the BRAKING
DISTANCE is the distance taken o stop under the braking force (once the brakes are applied).

Typécal car beaking distances are: 14 m at 30 mph, 55 m at 80 mph and 75 m at 70 mph.

Thinking distance is affected by:

*  Your SPEED — the faster you're going the further you'l fravel during the fime you fake fo resct.

+  Your REACTION TIME — the longer your reaction fime (zee p.215), the longer your thinking disfance.
Braking distance is affected by:

«  Your BPEED — for a given braking force, the fasier a vehicle travels, the lonper if takes fo sfop.

+  The WEATHER or ROAD SURFACE — i it is we! or iy, or there are leaves or of on the road, there is

foree as well-matntained brakes, which could be dangerous when you need fo brake hard.

3) You need {o be able fo describe the faciors affecting stopping distance and how this affects safely
— especkally ih ah emergency. E.g. icy conditions increase the chance of skidding (and =o
increase the ctopping distance) so driving foo clozse to other cars in oy condifions iz unsate.

The longer your stopping distance, the more space you need fo leave in front in order to stop zafely.

4} Speed limits are really important because speed affects the ctopping distance so much.

*  How good your BRAKES are — if brakes are worn or faulty, they won't be able to apply as much

Braking R.el_i_es on I‘rict_iqn Between the Brakes and Wheels _ _'
1) When fhe brake padal iz pushed, fhis causes brake pads o be pressed onto the whaeels.
This contact causes friction, which causes work o be done. The work done between

the brakes and the wheels francfers gnergy from the kinetic energy stores of the wheels
fo the thermal energy stores of the brakes. The brakes increase in femperature.

2] The faster a wehicle iz going, the more energy it has in Hs kinelic stores, so the more work needs to be
done to sfop H. This means that a greater braking force is needed fo make # stop within a certain distance.

3) A larger braking force means & larger decelerafion. Very large decelerations can be dangerous because
they may cause brakes to pyerheat (so they don't work as well) or could cause the vehicle fo gkid.

4} You can estimate the forces involved in aceelerations of vehicles using fupical velues:

A car travelling at a typical speed makes an emergency stop to aveid hitting a hazard
25 m ahead. Estimate the braking force needed to produce this deceleration.

1] Assume the deceleration is unitorm, and v=~20 mifs  m=-1000 kg
rearrange v — & = 2as to find the deceleration. 5= 2 _ %) = 25 = (0% — 259 = (2 = 25) = -125
2} Then use F = ma, with m = -1000 kg F=1000 =125 =12 500 N, so Fis 12 500 N

Stop right there — and learn this page...
Make sure you can calculate stopping distances and explain the factors that affect the braking distance.
ol Give one factor that affects braking distance. [1 mark]
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Go long! You need fast reaclion fimes o avoid getting hit in the face when playing catch.

Reaction Times Vary From Person to Person

Everyone’s reaction fime iz different, but a fypical resction fime iz between 0.2 and 0.9 s,
Thiz can be affected by tiredness, drugs or slechol. Distractions can aleo affect your sbility fo react.

' You can Measure Reaction Times with the Ruler Drop Test |
You cen do simple experiments fo hvestigate your reaction fime, but as reaction fimes

are 50 shord, you haven®t got a chance of measuring one with a stopwaich. &
One way of measuring reaction fimes is to use a computer-based fes ﬂi & ;

(e.g. clicking a mouse when the screen changes colour). %
Anather is the ruler drop fest: i R

1) 8# with your arm resfing on the edge of a fable thumbs and frefinger

{this should stop you moving your arm up o down during the

test). Gﬂmdﬂ&hhddnruﬁmiihﬁmﬂgﬁﬂ&gﬂurﬂ
thumb and forefinger, lined up with zero. You may need a fhird

persoh o be ot sy level with the ruler fo check if's lned up.
2} Without giving any warning, the person holding the

ruler should drop H. Close your thumb and finger to ruler is dropped
try to catch the ruler as quickihy as le. withiout warning

3) The measuremant on the ruler af fhe point where i iz caught is
how far the ruler dropped in the fime it takes you to react. ““"W#-‘LT"‘“‘

4) The longer the distance, the |onger the peaction fime. “

E} You can calculate how long the ruler falls for (the reaction fime) distance Eallen
because scceelerafion due o gravity s concfand (roughly 9.8 m/s%).
E.g. say you catch the ruler at 20 em. From p.208 you know: 2 — p® = Sag,
u=10, a=98mn’a“nhdn=ﬂﬂrn. socv=,2x08x02+0 =197... mfs
‘Ibudmirrm:a=ﬁbrvfmf=.ﬁ_'wva=l.!}]"...+9.B=[].Q‘ﬂﬂ...s=ﬂ.‘2:ai_<}uls.f.}.
This gives your reachon fime.

8) Ws pretiy hard fo do this experiment accurately, so you should do & lof of repeais u-rdednulnh

an average reaction fime. Thnrmﬂfnmﬂhumlfﬂ'uﬂdnrﬁilnmmﬂ
] iuﬂmbnﬂu-nmniﬂp[rlﬁurnmguhuui
7 Mdmmﬂsnfﬂiiﬂi—umﬁuﬁnmumiﬂrfmuﬂhnﬂpﬂi and have the same person dropping .
8) You could iy to invesligate some factors affecting reaction fime, e.g. you could infroduce
distractions by having some music plaging or by having someone falk to you while the tect
takes place |see fthe previous page for more on the factors affecting reaction time).

9) Remember to siill do lote of pepeats and caleulate the mean resction time with distractions,
which you can compare fo the mean reaction fime without distractions.

Test a friend’s reaction time by throwing this book at them...
Mot really. Instead re-read this page and make sure you can deseribe the experiment. Much more fun.
Q1 Marks reaction time is tested using the ruler drop test. He is tested in the early afternoon
and at night. In the afternoon, he catches the ruler after it has fallen a distance of 16.2 cm.
At might, he catches the ruler after it has fallen 18.5 cm.
a) Calculate Mark’s reaction time in the afternoon.
Give your answer to 2 significant figures. [5 marks]
b} Explain why Mark’s thinking distance might be longer when driving in the evening.  [2 marks]
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A lerge rughy player running very feet has much more momendurn than a skinny onhe ouf for a Sunday
sfternoon stroll. 's something that all moving objects have, so you befter get your head around it.

Momentum = Mass x Velocity

Momentum is mainly about how much ‘oomph’ an object has. H's a properdy thet all moving objects have.
1) The greater the mass of an objeet, or the greafer ite velocity, the more momentum the object has.

2) Momentum iz a vector quantity — H has size and direction.

3} You can work out the momentum of an object using:

momentum (kg m/s) = mass (kg) X velocity (m/s)

3 ASGingmmgﬂ A boy has a mass of 30 kg and a momentum
60 mfs. Calculate its momentum. of 75 kg mfs. Caleulate his velocity.
p=mv=50x 60 v=p+m=?5+3ﬂ=2.5mfs
= 3000 kg mfs
Momentum Before = Momentum After LA SRR TS
i = A chosed gystern is just 3 =
In & closed systen, the total momendum befors an event (e.g. a collision] = oy way of =ying that =
iz the same as sfier the event. This is called conservalion of momentum. T I”ffm':fﬁ':lﬁr -

In snooker, balls of the same size and mass collide with each other. Each collision iz an svent where the
moinendum of each ball changes, but the overall momentum shays the same (momentum is conserved).

v The red ball is stafionary, so i has zero momentum. The white
Before: @ ; . ball iz moving with a velociy v, so has a8 momentum of p = mwv.

The white ball hits the red ball, cauging # fo move. The red ball
After: -3 ——» now has momentum. The white bell continues moving, but at
a much smaller velocity (and so & mueh smaller momentum).

The combined momentum of the red and white ball is
equal fo the original momentum of the white ball, mv.

A moving car hits info the back of a parked cor. The crash causes the fwo cars to lock fogether, and

they confinue moving ih the direction that the orginal moving car was feavelling, but at a lower velocify.

Before: The momentum was equal to mass of moving car x He velochy. #7573

After: The mass of the moving object has increased, buf e
momentum s equal fo the momentum before the collision.
8o an [noresse in mass ceuses & decraase in velocity.

ti-ffza_.rcra,‘..fh.rﬁg.t@rw. so that the total momentum %.ﬂ’tl‘.ci‘lﬁ.f.".J.t o zero.

Learn this stuff — it’ll only take a moment... um...
Conservation of momentum is incredibly handy — make sure you get your head down and practize it.

Q1 Calculate the momentum of a 60 kg woman running at 3 m's. [2 marks]
2 Deseribe how momentum is conserved by a pun recoiling {moving backwards)
as it shoots a bullet. [4 marks]
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Revision Questions for Topic P5

1 = ‘ll LY LRERE] r ] i,
Well, that's Topic PS all done. See how you've done with this summary. 5 ‘;:ﬂ‘g:r:“;";'” “11:-;&1:' -

*  Try these questions and fick off sach one when you get H right. = R_,:an.qw for Topic F'5——]us|:—
LB - 'SEII'I'EII! I:rﬂ‘d-d o~
*  When you're complately happy with a sub-topic, fick it off. L o e

Forces and Work Done (p.201-204) | |

1) Explain the difference between scalar and vector quantities.

2 True or falze? Time iz a vecior quandify.

3) What iz the difference between contact and non-contact forces?
4) Explain the difference between mass and weight.

§) What is the formula for ealeulating the weight of an object?

6) What is a free body diagram?

7} What iz a reculiant foree?

8) Give the formula for caleulating the work done by a force, and explain what each symbol means.
3] How many joules of work does 1 Nim equal?

10} Describe the forces acting on an object in equilibrium.

Stretching (p.205-206) [ |
N} What iz the difference between an elastic and an inelastic deformation?
12) Give the equation that relafes force, extension and the spring constant of an cbject.

13) What iz the limit of proportionality?

14) Describe an experiment you could do o investigate the relafionship between force and extension.

15) How do you find the following from a linear force-edension graph? &) spring constant, b) work done
18} Give the equation used fo find the energy in an elastic object’s elastic potential energy store.

Motion (p.207-213) [ ]

17) What iz the difference between displacement and distance?

18) Define acceleration in terms of velociy and fime.

19) What does the term "uniform acceleration’ mean?

20) What does the gradient represent for a) a disfahce-time graph? b) a velocHy-time graph?
21} What iz ferminal velocity? What causes 17

22) Sate Newton's three lawe of motion.

23) What Iz inertia?

Car Safety and Momentum {p.214-216)

24) What iz the stopping distance of a vehicle? How can i be caleulated?

25) Btate four things that can affect the beaking distance of a vehicle.

28) Give two things that sffect a person's reaction time.

27} What iz an average reaction Hme?

28) Briefly describe an experiment you could do to compare people's reaction fimes.
20) Btate the formula used fo calculate an objeet's momendum.

]
|
M|
]
|
[l
L]
H
(]
M
]
[
|
[l
1
[
Ll
[l
1
L]
[
|
[
Ll
[
|
L]
[
[

Topic PS5 — Forces



218 Topic P6 — Waves

Transverse and Longitudinal Waves

Waves francier enargy from one place to another without transferring any maotier (stuff).

Waves Transfer Energy in the Direction they are Travelling

When waves travel through a medium, ihugfk:lmofﬂmmaﬂhn ozcillate and transfer energy befween
each other (see p.1687). BUT overall, the parficles stay in the same place — only enerpy is transferred.

For example, if you drop a twig info a calm pool of water, rippies form on the water's
I’j“““‘.
if 4

surface. The ripples don't carry the water (or the twig) sway with them though. e
Qimiarly, i you strum a guitsr sthing and create sound waves, the sound

waves don't carry the air swsy from the guiter and create a vacuum.
1) The amplifude of a wave is the maximum displacement

of a point on the wave from He undisturbed posifion. il G~ undisturbed
2) The wavelength is the distance between the same puinig "“""Em P"m

one wave and the frough of the wave next to i}.

3) Freguency ks the number of complete waves pacsing S‘/ i \ /
a cerfaln point per second. Frequency is measured
in hertz (Hz). 1Hz Is | wave per second.

4) From the frequency, you can find the period of a wave using:  Feried F
This e the amount of time it takes for a full cycle of the wave.  (s) e o

on two adjaceni waves (e.g. between the frough of ¥
0

(Hz)
) All waves are either fransverse or longitudinal (see below).
Transverse Waves Have Sideways Vibrations
I fransverse woves, the oseillations (vibrations) are A spring wiggled up and down
perpendicular (at 90°) to the direction of energy trancfer, gves & tramgeers wae, ""b::;“m
Most waves are fransverse, including: (i = T
1) Al eleetromagnetic waves, e.g. light |p.220). Il i
2} Bipples and waves in wafer (see p.219). this way
3) A tring. ETEIEY T IR
) Rt 2 Water waves, shock waes and =
g ot B = . 1 '_mns.pnrg:ardw#-inil —:
Longitudinal Waves Have Parallel Vibrations = examples of mechamical waves. =
' J|||||.n||u||r|l1||llllflil'l
In longitudinal waves, the oscillations are IF you it the end ! L
paralled fo the direction of energy transfer. of a spring you get a PEOTPTESSONtYNg  irection as wane Eravels

An example iz sound waves in alr.

Wave Speed = Frequency x Wavelength | _:EIE

The wave spead io the spead at which snergy iz being 7 : 5
transferred (or the speed the wave is moving at). A radio wave has a frequency of 12.0 x 10° H

Eindi length of radi
The wave equation applies fo all waves: mzmﬁougmj i

Vidind pnad il Winahrggile. () A=v=f
=R0o=10%) + (12Oo=10%=25m
Frequency (Hz)

S0, that’s the wave basics...
Make sure this is all clear in your head, otherwise the rest of the topic will just be a wavey blur of nonsense.
Q1 A wave has a speed of 0.15 m/s and a wavelength of 7.5 cm. Calculate its frequency.  [4 marks]
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Experiments With Waves

Time fo experiment. Make sure you can choose sultable equipment to measure the speed of different waves.

'lIse an Dsctllnscupe to Measure the Speed of Sound
By nﬂ-at:l'mgn mgr_u‘ll gma’rm foa q:auku' you can gensrate mundaﬁlh a specific frequency.

)i Mupﬂmmﬂﬂmmﬂmma’r speaker attached to

each microphone are shown as saparaie woves signal gensratar
2) Sart with both microphones next to the Bpaﬂku'. \[0}]

glowly move one sway eniill the two waves are eligned

on the display, but heve moved exacily one wavelength apari.
3) Measure the distence betwesn the microphones fo find one wavelength (A).

4} You can then use the formula v = £2 (p.218) to find the spead (v) of the sound waves passing through
the air — the frequency [f) is whatever you set the signel generator to (around 1 kHz iz sensible).

5} The speed of sound in air is around 3320 my/s, so check your results roughly agree with this.

M the Speed of Water Ripples Usi Ripple Tank
- Measure the Speed o er Ripples Using a Ripple Tan M

1) Using & sighal generator atfeched to the dipper of a rpple fank lamp
you cah create water waves st a get frequency (). “ e i s
2} Dim the lights in the lab and turn on the lamp. You should see o signal aut of the water

the wove crests as shadows on the screen below the fank.

3) The distance between each shadow line iz equal o one wavelangth.
Measure the distance between shadow lines that are 10 wavelengths
apart, then divide this distance by 10 to find the sverage wavelengih.

4) Thiz is a good method for measuring the wavelength of
moving waves (p.233) or small wavelengths.

5} Uze v = fito calculate the wave speed of the waves.,

8) Thic set-up ie sultable for investigating waves, because it allows you
to measure the wavelength without disfurbing the waves.

You can Use the Wave Equation for Waves on Strings PRACTICHY,

1) Eaimﬂmnqiprmﬂnhmmﬂmﬂg}ﬂ.ﬂm@nh.ﬂma@:d st o
penerator and vibration trencducer. The string will start fo vibrate.

Wi il

) Adjust the frequency of the signal generafor until there's
8 glear wave on the siing. The frequency you need
will depend on the length of string between the pulley and
the fransducer, and the masses you've used.

3} You need to measure the wavelength of these waves. this & the length of 4 halF-wenerengths

The best way to do this ace umfﬁumhmmﬂmlmgfhn"—-\
of, say four or five half-wavelengths (as many as you ean

in one go, then divide to get the mean half-wavelength {p.E]
You can then double thiz mean fo get a full wavelength.

T

4] The frequency of the wave iz whatever the string will lack something like thi:
the zignal penerator ks oot {o. R R N A R A N T A AT Y AT

5} You can find the speed of the wave using v = fi.

R R R RNy R RN RN R RN AR RN

This set-up = sstabde for investigating waves on a stang because —
i masy to see and measre the wavelength {and

neyl. =
[ERFRRTANAR Ay

Surf’s up, it’s time to, like, totally measure some gnarly waves...

Sound waves, ripples, and waves on strings are used as model waves because they're easy to work with.
Q1 Deseribe a suitable experiment to measure the wavelength of a2 water wave.

[3 marks]
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Wave Behaviour and Electromagnetic Waves

The differences between types of lectromagnetic (EM) waves make them useful to us in different ways.

AllWaves Can be Absorbed, Transmitted or Reflected

1} The wave is ABSOREED by the second material — the wave iransfors energy o
the material's energy stores. Often, the energy is transferred fo a fhernal energy
store, which leads to heafing (this iz how 8 microwsve works, see page 223).

2 The wave iz TRANSMITTED fhrough the second materal — the wave cardes on fravelling

=

3} The wave iz REFLECTED — this iz where the incoming ray iz neither absorbed or {ransmitiad,

but instead is "zont back' away from the second material. This is how =choes are creafed.
What actuslly happens depends on the wavelength of the wave and the proporiies of the malerinls involved.

There's a Continuous Spectrum of EM Waves |

1) Eectromagnetic {EM) waves are trancverse waves (p.218).
2) They fransfer enargy from a source o an sheorbar.
A camp fire fransfers energy to Hs surroundings by Radio waves fransfer energy to the

emitfing infrared radiation. These infrared waves are kinefic energy stores of slectrong
abzorbed by objeets and transfer energy to the object’s  in radio receivers, which generates

thermal energy store, cousing the object fo warm up. an electric current (see page 2242,

3) Al EM waves travel af the same speed through air or a8 vacuum (space).
waves aren'l vibrafions of particles. they're vibrations of eleciric

and magretic fields (p.227). This means they can fravel through a vacuum,
4} They travel at different speeds in different maferials (which can lead to refraction).
5] EM waves vary in wavelength from around 10™ m fo more than 10% m.
8) We group them based on their wavelength and frequency — there are

seven basic fypes, but the different groups merge fo form a confinuous spectrum.
7] Dur pyes can only defect a small part of thic spectrum — visible light.

RADID WIEEE: el
dengts | WOAVED RAYS
Llim-10tm 109 m 105 m
N £ VLW LT LYLY YAYATATAYAV LA 000N
lenig length, [ ~, sitart wavelength,
bow Freguency high Frequency

8) There is such a large range of frequencies because EM waves are generated by a variety of changes in

atoms and their hucled (p.195). E.g. changes in the nucleus of an atom crestes gamma rays (p.198).
9) This slso explains why atoms can absorb a range of frequencies — each one causes a different change.
lnj Becouse of their different properfies, different EM waves are used for different purposes.

Learn about the EM spectrum and wave goodbye to exam woe...

Mothing too difficult here, just a lot of facts to remember. Here's a handy mnemonic for the order of EM waves:
‘Rock Music Is Very Useful for eXpeniments with Goats™.

Q1 State the type of electromagnetic wave that has the lowest frequency. [} mark]
32 MWame the section of the eleciromagnetic spectrom that humans can see. [1 mark]
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Go and grab a glass of water a put a straw In if. The straw looks like #H's bonding — s i wizardry or refraction?
Answer: refraction {unless you know something | don't).

Refraction — Waves Changing Direction at a Boundary

1} When a wave crosses a boundery between fwo matertals # changes speed.

2) If the wave is travelling glong the normal it will change speed, but it's NOT refracted.

3) If the wave hits the boundary et an angle # changes direction — W's refracted.

4) The wave bends towsrds the normal if H slows down. It bends awsy from the normal if # speads up.

E) How much H's refracted by depends on how much the wave speedo up or slows down,
which usually depends on the density of the two materdals (usually the higher
the density of a materal, the slower a wave fravels through #).

6) The optical density of a material i 8 measure of how guickly light can travel through
it — the higher the optical density, the slower light waves fravels through H.
7] ﬂmwn{amamﬁmﬂhmﬁmm but the frequency stays the same.

Ra]r D:agrams Show the Path of a Wave _

Rays are straight lines that are perpendicular to wave fronts. They show the direction
a wave is travelling in. You can construct a ray d!ﬂgmfﬂr&m&mﬁdlfﬂ_\trﬂu.

1} Frst, start by drawing the boundary between your two materials g

and the pormal. The pormal is an jmaginary line that's perpendicular ™ \\ pi

{at right angles) to the point where the incoming wave hifs the boundary. _._mn.
2) Draw an incident ray that moets the normal at the boundary. S

(I you're given thiz angle, make sure to draw # carefully with & profractor.)

4) Now draw the pefracied ray on the other side of fhe boundary.

6) The angle of refraction is the angle between the refracted ray and the normal. 5

8) I the second material is opiically denser than first, the refracted ray bends towards  refacted ray
fhe normal (like on the right) and he angle of refraction is smaller than the angle of inciderce. If he
secohd material is less optically dense, the angle of refraction iz larger than the angle of incidenca.

normal
3) The angle between the incident ray and the normal is the angle of incidence. \ gJ/mSH

You can also Explain Refraction using Wave Front Diagrams

1) A wave front is a line showing all of the points on & wave that are in the %‘*’”l’*‘i"“'ﬂ",
same position as each ofher affer a piven number of wavelengths.

2} When a wave crosses a boundary at gn angle, only parf of a wave ///
front crosses the boundary af first. I #'s frevelling info a denser P o s,

material, that part fravels slower than the rest of the wave front.
3) 8o by the fime the whole wave front crosses the boundary, the faster part of Each purple Ene

the wave front will have travelled further than the slower part of the wave front, = " font
4} Thiz difference in distonce travelled (caused by the difference in

gpeed) by the wave front causes the wave to bend (refract).

less dense | derser

This part of the wave fronk
o= rovels dower than the rest.

The wave fronts bn-ng
closer together shows a
change in wavelength [and
w0 a change in velocity).

s 53 this part of the wave fronk
will have travelled Burther by the
time it crosses the boundary:

Lights, camera, refraction...
Refraction is a common behaviour of waves, so make sure you really understand it before moving on. .
Q1  Draw a ray diagram for light entering a less optically dense medium, 407 to the normal.  [3 marks] =1|
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EM waves are used for all sorts of stuff — and radio waves are definitely the most enfertaining.
They fransfer enerpy fo your car padic and your TV — what would you do without them?

Radio Waves are Made by Oscillating Charg‘esm
1} EM waves are made up of oocillating dectrie and magnetic Belds.

2) Aiternaling currents (ac) (p.1886) are made up of oscillafing charges. As the charges oscillate,
they produce oscillafing electde snd magnetic felds, e, slectromagnetic waves.

8) The frequency of the woves produced will be equal fo the frequency of the sliernating current.

4} You can produce radio waves using an alfernating current in an electrical circuit. The object

in which charges {elecirons) oscillate to create the radio waves is called a fronsmitiern
5) When transmitted radio waves reach a

recelver, the radio waves are shoorbed. " illat EM vearves are
8) The cnergy carried by the waves and produce  transmitier receer  absorbed and

ia fransferred fo the slectrons in N e \Na Blo: e o Iﬂ/"“"—"";"'“;‘ e

¥ i oy |/
the material of the recelver. prmm—— N S Sy Vsl -
3 ! v Aof Wi 3

7} This energy causes the eectrons fo : r — » I:

oacllate and, H the receiver is part tied radko warves |

generates an ulfernating current. e s
8] This ewrrent has the same frequency oucillvscope)

Radio Waves are Used Mainly for Communication

1) Radio waves are EM radiation with wavelengthe longer than about 10 om.

2 Long-weve radio (wavelengthe of | — 10 ki) ean be transmitted from London, say, and received
halfway round the world. That's because long wavelengths diffrect (bend) sround the curved surface
of the Earth. Long-wave radio wavelengths can also diffract around hills, into tuncels and il sors.

3] This makes it possible for radio signals to be received even if the
recaiver isn't In fine of he sight of the transmitier. Long-veve signals bend arownd the Earth

4) -wave radio sipnals (wavelengths of about
10 m — 100 m) can, ke long-wave, be received
at long distances from the transmitter.

That's because they are reflected (see p.220)
from the fonhosphere — an electrically charged
layer in the Earth's upper atmosphere.

5] Blustooth® uses short-wave radio waves o
send data over short distances between devices
without wires (e.g. wireless headsels so you Shart-warve signals reflect
ean use your phone while driving a car). uE Yo gk FM and TV signabs must

8) Medium-wave signals (well, the shorter ones) can also reflect from the b o et
ionosphera, depending on stmospherie conditions and the fime of day.

7) The radio weaves used for TV and FM radio fransmissions have very short wavelengths. To pet reception,
you must be in direct sight of the fransmitter — the sighal doesn't bend or fravel far through bulldings.

Size matters — and my wave’s longer than yours...
Producing radio waves — who knew it was so tricky? It's worth it though — they're just so darn useful.
01 State one use of radio waves. [1 mark]

Q2 Deseribe how radic waves can be produced. [1 mark]
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EM Waves and Their Uses

Radio waves aren'f the only waves used for communicafion — other EM waves come in pretty handy foo.
The most important thing ks fo think sbout how the properties of a wave relate to ifs uzes.

. Microwaves are Used by Satellites
1) Communicetion to and from satellites (including satellite satellite above

TV signals and safellite phones) uses microwaves. Bt ity __ .
I¥'s best o use microwaves which can pass easily o e s 3 ":;";“::;’;j:‘-
through the Earth's watery stmosphere. to satellite :

2} For satellite TV, the signal from a fransmiffer
iz tranemitied into space...

3} ... where it's picked up by fhe safellite receiver dish orbifing
thousands of kilometres above the Earth. The satellite L —
tranemits the cignal back to Earth in a different direction... doud and water vapour

4) ... where H's received by a setellde dish on the ground. There iz a slight ime delay behwesn
the =ignal being sent and received because of the long distance the signal has fo fravel.

Microwave Ovens Also Use Microwaves

1} In microwsve ovens, the microwsves are sboorbed by weter molecules in food.

2) The microwaves penefrafe up to a few cenfimefres into the food
before being sbeorbed and transforing the energy they are carrying
to the water molecules in the food, causing the water to heat up.

3) The water molecules then francfer this energy to the rest of the
malecules in the food by heating — which guickly cooks the food.

Infrared Radiation Can be Used to Increase or Monitor Temperature

1) Infrared (IR} radiation s given out by all objects
— and the hotier the object, the more IR radiation it gives out.

2} Infrared camerss can be used fo defect infrared radiation and monHor
temparature. The camera detects the IR radiation and turns H info
ah lectrical signal, which is displayed on 8 screen as a picture. The
hotter an object is, the brghter i appears. E.g. enerpy fransfor from a
house's thermal energy store can be defected using infrared cameras.s

3] mﬂ [R Hdiﬂ'ﬂ'ﬂh causes ﬂbjﬂﬂ‘l’ﬂ to gﬂ‘l’ I'IJ_HH:. Doiferent colowrs ::pr!slrrt different amounts of
Food can be cocked using IR radiation — the femperatfure IE. radiation being detected. Here, the redder the
of the food increases when # absorbs IR rediation, cobour, the more infrared radiation is being detected

e.g. from a foaster's heating element.

4} Eleciric heatsrs heat a room in the same way. Electric heaters confain & long plece
of wire that heats up when a currend flows through it. This wire then smiis lote of
infrared radistion (and a e visible light — the wire glows). The emitted IR radiation

iz abeorbed by objects and the alr in the room — energy is trancforred by the |B waves
to the thermal energy stores of the objects, causing ther temperature fo increase.

Revision time — adjust depending on brain wattage...
The next time you're feeling hungry and zap some food in the microwave, think of it as doing revision.
Q1 Explain why signals between satellites are transmitted as microwaves. [! mark)
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Morxe Uses of EM Waves

handy waves — complefe with the all-imporfant ressons for why they have been used. Get learning.

Fibre Optic Cables Use Visible Light to Transmit Data

1) COpfical fibres are thin plass or plastic fibres that cen carry data (eg. from
telephones or computers) over long distances as pulses of visible lipht.

2) They work because of r=fleclion (p.220). e e
The light reys are bounced back end forth
unfil they reach the end of the fibre.

3) Visible light is used in optical fibres

. Light ray bauncing back
==l and foeth along the Bbre

4) Light i= also not easily abzorbed or sealiered as B fravels along a fibre.

Ultraviolet Radiation Gives You a Suntan

1) Fuorescence is 8 property of certain chemicals, where ultre-vicled (UY) radiation iz pbsorbed and then
vistble light s emitied. That's why fluorescent colours look so bright — they actually emit light.

2) Huocrescent lighte generate UV radistion, which is absorbed and re-emitted as visible light by a layer of a
compound called phosphor on the incide of the bulb. They're energy-efficient (p.172) so they're good o
use when light is needed for long periods (like in your classroom).

3) Becurity pens can be used to mark property with your name (e.g. laptops). Under UV light the ink will
plow [fluoresce), but s invisible otherwize. This can help the police jdendify your property if it's stolen.

4) ubraviolet radisfion (UY) is produced by the Sun, and exposure fo it is what gives people a sunifan,

5] When H's not sunny, some people go fo fanping salons where UV lsmps are used SRR L R
to give them an arfficlal sunfan. However, overexposure fo UV radiation can be = 1?&::? =
dangerous [fluorescent lights emit very litile UV — they're tofally safe). =~ Wom p226 ;

“Fervinpeni

X-rays and Gamma Rays are Used in Medicine

1) Radiographers in hospitals take X-ray 'photographs’
of people fo see if they have any broken bones.

2) X-rays pass easily theough flash but not so easily through denser
material like bones or metal. Bo #'s the amount of radiation
that's absorbed (or not absorbed) that gives you an X-ray image.

3} Radiographers use X-rays and gamma rays to treat pecple with
cancer (radiotherapy). This is because high doses of these rays

off gll white.

kill all living cells — so they are carefully directed fowards ACEEETE OV T T TR b e
= There's more on gamma rays on pl 96 <
mnwcdh.iﬂmdldlhgimnmrqmmﬂ.hudﬂgnﬂs '?1||u||||||”||||Efn|al|iﬁ|.|1f'1r“[?

4) Gamma radiation can aleo be used a2 8 medical fracer — this is where a gamma-emithing source
is injected into the patient, and ifs progress is followed around the body. Gamma radiation s well
suited to this because # can pass out through the body to be defected.

5) Both X-rays and gamma rays can be harmful fo people (p.226), so radiographers wear [ead aprons and
stand behind a lgad screen or leave the room fo keep their exposure fo them o a minimum.

Don'’t lie to an X-ray — they can see right through you...
I hate to say it, but go back to page 222 and read all of the uses for EM waves again to really learn them.
o1 State two uses of X-rays. {2 marks]

o2 Explain why plastic optical fibres use pulses of visible light to transmit data. [2 marks]
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Investigating Infrared Radiation

You saw on p.223 that all objects emit infrared radistion, but now i's time fo see how the surface of the
object affects how much it emits. | know, you can hardly contain gour excitement. Neither can 1.
You Can Investigate Emission With a Leslie Cube PRACTICH;,

The amount of infrared radiafion emitted from an object is nof just dependent
oh Hs temperature. It's also dependent on the maierial of He surface.

A Leslie cube s a hollow, waterlight, metal cube made ===, skt white
of e.g. aluminium, whose four verfical faces have paint
different surfaces (for example, mat black paint, matt makt flack

white paint, shiny metal and dull metal). You can use o

them to investigate IR emission by different surfaces:

1} Place an smpty Leslie cube on a heat-proof mat.

2) Boil water in & ketfle and fill the Leshe cubs with boiling wafer.

3) Wait a while for the cube to wartn up, then hold a thesmomefer againet each of the four vertical
faces of the cube. You chould find that all four faces are the some femperature.

4) Hold anh infrared detector a gt distance (e.g. 10 em) )
away from cne of the cube's vertical faces, and FE ke Emeed distance
record the amount of |R radiafion it detects.

5) Repest thiz measurement for each of the
cuba's verfical faces. Make sure you posifion
the defector at the same distance from the
cube each fima.

8) You should find that detect more

: mmmdmmﬁmﬁhummﬁm et ot ok
than the white ohe, and more from the matt surfaces than the shinyg ones.

7) As always, you should do the experiment more than once,
1o meke sure your resulis are repestable (p.4).

8) Wsimportant fo be careful when you're doing this experiment. Don't #ry fo move the cube when i's
full of boiling water — you might burh your hands. And be careful # you're carrying a full ketfle —
your mate won't thank you if you spill bolling water into their bag (or down their back).

Yon Gan Investigate Absorption with the Melting Wax Trick | | Fracr.

Cay, |
The amount of infrared radiation sbsorbed by different materials also depends on the material. S
You can do an experiment to show this, using a bunsen burner and some candie wax.
1} 8ef up the equipment as shown on the right. Two ball bearings are
each sfuck fo one side of a metal plate with sclid pieces of condle wan matt black sde  siber side
The other sides of these plates are then faced fowards the flama.
2} The sides of the plates that are facing fowards the flame each have ,,:;,“
a differert zurface colour — one ks malt black and the other is silver.  bearing
3} The ball bearing on the black plate will fall firzl as the black
surface obeorbs more infrared radisfion — fransferring mora
energy o the fhermal enorgy store of the wax. This means the
wax on the back plate melts before the wax on the silver plate. identical metal plates

Feelin’ hot hot hot...
When doing the experiment with the Leslie cube, you could also place your hand near each surface of the cube
{but no towching, it'll be super hot} — you'll be able to fieel which surface is emitting more infrared radiation.
Q1 A student makes two identical cups of tea in two mugs. The two mugs are the
same, apart from their colour — one mug is black and the other is white.
Explain which cup of tea will mitially cool at a faster rate. [3 marks]
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Dangers of Electromagnetic Waves

Okay, so you know how psefil dectromagnetic radiation can be — well, # can also be pretty dangerous.

Some EM Radiation Can be Harmful to People

1) When EM radiation enters [iving fissue — like you — it's offen harmless, but sometimes it creates
havoe. The effects of each fype of radiafion are based on how much energy the wave fransfers.
2} Low frequency waves, like radio waves, don't transfer much energy and
so mostly pass through soft tissue without being absorbed.
3) High frequency waves like UV, X-rays and gamma rays all fransfer
lois of energy and =0 can cause lois of demage.

4) UV radiation damages surface cells, which can lead o sunburn and cause skin to age prematurely.
Bome more sedous effects are bindness and an ihcressed rsk of skin cancer,

5) X-rays and gamina rays are types of ionising radiation. (They carry enough energy to
knock electrons off of atoms.) This can cause gene mutation or cell destruction, and cancer.

You Can Measure Risk Using the Radiation Dose in Sieveris

1) Whilet UV radiation, X-rays and gamma rays can all be harmful, they sre aloo
very useful {see pages 222-224). Before any of these fypes of EM radiation
are used, people look at whether the benefite oulweigh the health risks.

2) For example, the risk of a person involved in a car accident developing
cancer from having an X-ray photograph faken is much smaller than
the potential health rigk of not finding and treafing their injuries.

3) Radiation dose (measured in sieveris) is a measure of the Hsk
of harm from the body being exposed to radiation.

4) This is not & measure of the tofsl smound of radiation that has been absorbed.

5) The risk depends on the fofal amount of radiation absorbed

B e il o e o s e Sy,
B] AMEM bﬁ.m“ﬂu’"nﬁg—.m:hm in = for all ypes of radiation, not pust =
millisieverts trnﬁdl where 1000 m&, =1 &.’- - UM Merays and gamma rays.

IR RUE R R PR RN

[ Risk can be Different for Different Parts of the Body

A CT sean uses Xorays and a computer fo

build up a picture of the inside of & | Radiation dose (m8v) |
patient's body. The table shows the Hesd | 2.0 I
radistion dose received by two differend =g 5D i
parts of a patient’s body when having CT seans. : :

If a patient has a CT scan on their chest, they are four fimes more likely o suffer damage to
their ganes (and thelr added risk of harm ks four fimes higher) than if they had a head sean.

This is not an excuse to stay in bed all day...

It's impossible to avoid all forms of harmful radiation, so it’s all about balancing risks and reducing your exposure.
Q1 Give two effects of a person being exposed to too much UV radiation. [2 marks]
02 A patient’s pelvis is being examined. 1t can either be examined with a single X-ray photograph or with a

CT scan. An X-ray of the pelvis has a radiation dose of 0.7 mSv. A CT scan of the pelvis has a radiation
dose of 7 mSv. How much larger is the added risk of harm if the patient has a CT scan? [ mark]

Topic P6 — Waves
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Permanent and Induced Magnets

I think magnefism iz an sttractive subject, but don't get rapelled by the exam — revisa.

Magnets Produce Magmnetic Fields

1} Al magnets have two poles — north (or horth seeking) and south (or south seeking).
2} Al magnets produce a magnetic field — a region where
other magnets or magnetic materials (e.g. iron, steal,
nickel and cobalt) experience a non-contact force (p.201). —
3) You can show a magnetic field by drawing magnefic fizld lines. £
4) The lines alwaysz go from nordh fo south and they show which way 2
& force would act on & north pole i it was put at that point in the field.

5) The clozer fogether the lines are, the ctronger the magnetic field. Feel a Force to the right
The further away from a magnet you get, the weaker the field fs.

B8) The magnetic field iz strongest af the poles of a8 magnet.
Thiz means that the magnetic forces are also strongest at the poles. % *%
7} The force between 5 magnet and &8 magnetic material

is always attractive, no matter the pole.

8) If two pole: of a magnet are put near each other, they will each exert a force on each ofher.
This foree can be atiracfive or repulsive. Two poles that are the same (these are

called |ike poles) will repel each other. Two uplike poles will atiract each other.

Compasses Show the Directions of Magneii:: Fields
1} Inside s compase iz a ting bae magned. The ol pole

of thiz magnet is atiracted to the south pole of any The noeth pole of the magnet in the comgas: paints along
other magnet it is near. o the compass poins in the the field line towards the outh pole of the bar magnet
direction of fhe magnetic field i is in. @_/ G-

2} You can move a compass around a maghet and frace i

Hs posiion oh some paper fo build up a picture of

what the magnetic field looks lie. @% 3%@
3] When they're not hear a magnet, compasses always @ = & = ®

point roeth. This is because the Earil generates ifs

own magnetic feld, which shows the inzside (core) of the Earth must be mapnedic,

= "_“I,.?"L;_'-.

| Magnets Can be Permanent or Induced

1} There are two fupes of magnet — permanent magnets

and induced magnets.

2} Permanen! magnets produce their own magnetie field.  The magnetic material becomes magnetised when #t & brought
3) lnduced magnets are magnetic materials that turn info """“"b"”'“ﬁ"'t Ith“'hmwﬂ"’d"wm
a magnhet when they're put info a magnedic field. L.]ﬂ gl [ ;
4} The force between permanent and induced maghets is
always stiractive (see magnetic materals above).
5) When you fake sway the maghetic field, induced magnets
quickly loze their magnetisn (or most of #) and stop producing 8 magnetic field.

Magnets are like farmers — surrounded by fields...
Magnetism is one of those things that takes a while to make much sense. Learn these basics — you’ll need them.
o Draw the magnetic field lines for a bar magnet. Label the areas where the field is strongest. [2 marks]

Q2 Give two differences between permanent and induced magnets. [2 marks]

Topic PT — Magnetism and Electromagnetism
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Electromagnetism

On this page you'll see that a magnetic fizld iz also found around a wire that has a current passing through i.
The strength of this field can be increased by wrapping the wire into a long coll called & solenoid. Fun.

A Moving Charge Creates a Magnetic Field |

1) When a current flows through a wire, a magnetic field is created sround the wire.
2} The field iz made up of concentric circles perpendicular to the wire, with the wire in the centre.

3} You can see this by placing 8 compass near a wire that is carrying a currendt.
Az you move the compeszs, i will frace the direction of the magnetic field.

4) Changing the direction of the current changes the direction of the magnetic field
— uge the right-hand thumb rule to work ouf which way i goes.

Ihe Right-Hand Thumb Rule

Using your right hand, point
your thumb in the direction of

JOTEPTRRARIN b0tk dip
= Dot get this corfised
with the kefi-hand rule

that's over an page 2363
S T T T

dlaag it

LN

E} The strength of the magnefic field produced changes with the current and the distance from the wire.
The larger the current fhrough the wire, or the clozer to the wire you are, the stronger the field is.

.E..Salenoid.is a Guﬂ of Wire

1} You can increase the sirengih of the magnetic field that a wire
produces by wrapping the wire into a coll called a solenoid.

2} Thiz happens because the field lines around each loop of wire fine up with each other.

8) This resulis in [ois of field lines poinfing in the same direction that are very cloce to each ofher.
As you saw on the last page, the clozser fogether field lines are, the sironger the field is.

= The magnetfic field inside a solenoid iz sirong and uniform (i has i
the same sirength and direction at every point in that region). M“'ﬂ"i“w -
*  Quiside the coll, the magnefic field is just ¢ :
like the one round a bar magnet.

+ This means that the ends of a solencid act like the north 1{@{@{{“{(((&

pole and gouth pole of a bar magnet. You can work out
which end of the solenoid i the north pole and which iz e
the south pole using the right-hand rule shown sbove. »

4} You ecan increaze the field strength of the solenokd sven mors by putting a block of iron In the
centre of the coil. This iron core beeomes an induced magnet whenever current is flowing.

5) If you =ioo the current, the magnetic field disappears. A solenoid with an iron core (8 magnet whose
magnetic field can be turned on and off with an eleciic current) is called an ELECTROMAGNET.

Strong, in uniform and a magnetic personality — I'm a catch...
Electromagnets are used in many everyday things from alarms to trains, so you'd better learn how they work.

o1 Draw the magnetic field for a current-carrying wire. [2 marks]
2  a) Draw the magnetic field for a current-carrying solenoid. [2 marks)
b} State ome way that you can increase the field strenpth of a solenoid. [1 mark)
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The Motor Effect

The motor effect can happen when you put 8 current-carrying wire i a magnetic field. W's really useful in shuff
Iike... well... electric motors. I you want o know exactly what i iz, you'll heve to kesp reading.

A Current in a Magnetic Field Experiences a Force

When a current-carrying wire {or any other conductor] s put between magnetic poles, the magnetic field
around the wire interacts with the magnefic field i has been placed in. This causes the maghet and the

conductor fo exert o foree on each other. This is called the motor effect and can cause the wire to move.
This s an zenal view. -'\ ‘T‘ Resulfing Force
The red dot represents a wire i
carrying ourrent “out of the —_— - — Mormal magnetic fokl of wis
page” {towards youl. N % a i N _;1;'_;:;:_-;h_ Bekd of gt

1} Yo experience the full force, the wire has to be at 907 o the maghetic field. If the wire runs paraliel
to the magnetic field, # won't experience sny force of all. At angles in betwean, i'll feel some force.

2) The force always acts at Hght angles
to the magnetic field of the magnote
and the direction of the current in the wire.
3) A good way of showing the direction of the
force s to apply a current to & set of rails
ingide a horseshoe magnet (shown opposite).
A bar iz placed on the rails, which
ﬂingﬂmiwufnmaﬂwlmllsihubauhngﬂmrm.
4) The magnitude (strength) of the force increases
with the strength of the maghetic fisld.
E} The force slso increases with the amount of cirrent passing through the conductor.

You Can Find the Size of the Force Using F = BIl

The force acting on a conductor ih 8 maghetic field depends on three things:
1) The magnetic flux density — how many field (fux) lines there are in a region.

Thiz shows the sirengih of the magnetic field (p.227). Current [A)
2) The size of the current through the conductor. Force [M)
3]} The length of the conductor that's in the magnetic field. Length (m)
When the current iz st 20° o the magnefic field H is in, Magnetic flux density (T; tesla)

the force acting on it can be found using the equation on the Fght.

An iron bar of length ©.20 m is connected in a circuit so a current of 15 A flows through it
If an external magnetic field of ©.18 T is placed at right angles to the direction of the current
in the bar, calculate the force acting on the iron bar due to the presence of the magnetic field

Force on the bar = magnetic Fhu density » current = bar kﬂgﬂ! =08 x 15x 020 =054 N

A current-carrying conductor — a ticket inspector eating sultanas...
You need to be comfortable rearranging and using that equation for force, so have a quick practise.

Q1 A 35 cm long piece of wire is at 907 to an external mapnetic field. The wire experiences a force of 98 N
when a current of 5.0 A is flowing through it. Calculate the magnetic flux density of the field.  [4 marks]
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Electric Motors

And now i's fime to learn a silly hend gesturs... and apply the sfuff you read sbout on the last page... [sorry).

You Can Find the Direction of the Force Using the Left-hand Rule

¥ou learnt on the previous page that a force ks exerfed on any
currend-carrying conducior in a maghetic feld.

You can find the direction of this foree with Fleming's loft-hand rule.
1) Using your lefi hand, point your Best finger

in the direction of the magnefic Field.
2) Point your saCond finger in the direction of the Current.
3} Your thuMb wil then point in the direction of the force (Motion).
Feming's lefi-hand rule shows that if either the currend or the magnetic feld
s reverged, then the direction of the force will also be reversed.
This can be used for all sorts of things — like mofors, shown below.

B Current-Carrying Coil of Wire Rotates in a Magnetic Field

1) The diagram on the rght shows a basie de mofor.
Forces act on the fwo side arms of & coil of
wire that's carrying a current.

2) Theze forces are just the psusl forces which
act on any current in 8 magnetic fisd (p.229).

3) Becsuse the coil is on a gpindle and the
forces aet one up and one down, i rotates.

4} Tha spli-ring commufator iz a clever way of
swapping the contacts every half furn fo
keep the motor rotating in the same direction. e T tauching split ring

5) The direction of the motor can be reversed either by
swapping the polarify of the de supply (reversing the current)
or swapping the maghefic poles over (reversing the field).

6} The speed of the motor can be increased by incressing the currend,
adding more furns to the coll or increasing the magnetic flux densify.

7} You can use Aeming's lefi-hand rule to work out which way the coll will furn.

Is the coil turning clockwise or anticlockwise? = v 7
|

1) Draw in current arrows [from positive to negative, p179) /JL

2} Use Flemings lefihand nile on one branch B
{here, I've picked the right-hand branch). Field Current Mation

3) Point your first finger in the direction of the M%{i. Meotion -~ a
magnetic field {remember, this is north to south).

4)  Point your second finger in the direction of the current Ké

5} Draw in the direction of motion )
fthe direction your thumb is pointing in). The coil is turning anticlockwise.

¥y

Left-hand rule for the motor effect — drive on the left...
Use the left-hand rule in the exam. You might look a bit silly, but it makes petting the marks much easier.

1 A section of 2 current-carrying wire is in a magnetic field, current
as shown in the diagram. The wire is at 907 to the magnetic field. .
Find the direction of the force scting on the wire. el . [ mark]
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Revision Questions for Topics P6 & P1

That's Topics PE end P7 done — phew. Time to soe how much you remembee, oMM IHIEETITRI LR B

For ovwen more practice, try the

EARRNELS

+  Try these questions and tick off each ohe when you gef it rght. 2 Rebrieval Quirres for Topics P&
»  When you're completely happy with a sub-fopic, fick i off. 5w 1 — potwan e HlRcoded
Wave Properties (p.218-219) [ |
1) What is the amplifude, wavelength, frequency and period of a wave? E7]
2) Deseribe the difference between fransverse and longiudinal waves T

and ghve an example of each kind. D
3) Write down the equation that links wave speed, frequency and wavelength. ]

4) Deseribe an experiment gou could do fo measure:

a} the speed of sound in air. b) the speed of waves on a string.
Electromagnetic Waves and Refraction (p.220-221) [ |
E) Explain fhe terms absorplion, tranemission and reflection in ferms of waves.
6) True or falee? All electromagnetic waves are fransverse.
7] Give an example of eleciromagnetic waves transferring energy from a source to an absorber.
8) Explain refraction and draw a ray diagram for a light rey enfering a less opfically dense material.
9) Draw a wave front diagram showing a wave entering a denser materal.

Uses and Dangers of Electromagnetic Waves (p.222-226) | |
10) What kind of current k= used fo generafe radio waves in an anfenna®?
1) Explain why microwsves are used for catellte communication and mobile phone sighals.
12) Give an everyday use of infrared radiation.
13) What type of radiation is used fo transmit a signal in an optical fibre?
14) What does the term "lonising radiafion” mean?
I15) What does radiation dose in sleveris measure?
18) What iz a Leslie cube? How could you use one fo investigate IR emission by different surfaces?
17} True or false? The amount of infrared radiafion sbsorbed
by an object depends on the material of the object.
Magnetism and Basic Electromagnetism (p.227-228) | |
18) What iz a magnetic field? Inwhat direction do magnetic feld lines point?
19) True or false? The force between fwo unlike poles is attractive.
20) Deseribe the behaviour of a compass that i far sway from & magnet.
21) True or false? The force between a maghet and a maghetic material is always repulsive.
22) Describe the magnetic field around & current-carrying wire.
23] Why does adding more turne 1o a solenoid increase the strength of He magnetic field?

24) What Is an electromagnet?
The Motor Effect (p.229-230) D

25) Explain why & current-carrying conductor in 8 maghetic field experiences a force.

28) Name two ways you could increase the force on a current-carrying wire in a magnetic field.
27) What iz Feming's left-hand rule?

28) Explain how a basic de motor works.

0000 Oo0ooOod 0 Ooooddo O0ododa . O
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Measuring Techniques

8afety specs out and lab coats on, {'s time to find out about the skills you'll need in experiments. Fnally time
1o lock like a real scientisf... hurrahl But you alzo need to know sbout this stuff in your exams... boooo...

Mass Should Be Measured Using a Balance

1) To mescsure mass, start by putting the container you're measuring the substance indo on the belance.
2} 8et the balance to exacHy zero and then stert adding your substance.

3) W= no good carefully measuring out your substance if H's not all transferred to your reaction vescel
— the amount in the reaction vessel won't be the same as your messurement. Here are a couple
of methods you can use fo make sure that none gets leff in your weighing container...

+ W you're dissolving & mass of & solid in 8 solvent fo meke & solution,
you could wash any remaining solid info the new confalner using the solvent.
Thiz way you know that sll the solid you weighed has been fransferred.

* You could set the balance {0 zero before you put your weipghing condainer on the balance.
Then reweigh the weighing container afier you've francferred the substance.
Uze the differchee in mass to work out exacily how muech substance you've trancforred.

DiﬁerentWavs to Measure Ligquids

There are a few methods you might use to measure the
volume of & liquid. Whichever method you use, always

read the volume from the botom of the meniscus

(the curved upper surface of the liquid) when i's at eye lavel.

Pipeites are long, narrow tubes that are used to suck up an sccurste volume of

liquid and fransfer # to another container. A pipette filler sttached o the end —
of the pipette iz used so that you can safely control the amount of liquid you're
drawing up. Pipettes are often calibrated to sllow for fhe fact that the last drop of

liquid stays in the pipatte when fhe liquid iz ejected. This reduces fransfer errors.

Measuring cylirders are the most commen way fo measure ouf a lguid.

They come in all different sizes. Make sure you choose one that's the rght size for
the measuremant you want to make. ¥'s ho good using a huge 1000 em® cylinder
to measure out 2 em® of a liquid — the gradustions will be foo big, and you'll end =l
up with massive errors. 'd be much befier to use one that measures up fo 10 cm®.

WAMEER DL ETE P R I P LIRS R ER AR RIS R AR LA EN N L AR A RN DR hrs
1Frwnnb'u.m|:a Doup[e nF&upso[iquid.amfdm'Ldehbr
accurately measured, you can use a dropping pipette to transker . Far
mﬁgﬁl:l:ﬁmrﬂudaﬂdamuﬂ!n{&aﬁﬂmﬁuﬁr info & mischure.
""r|||':l|||r||||.||liF|IJF|'||||.|I||Fr|lll.ll|i|lll-||'|||||I'F||'|'|J'||'I

T

+
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Gas S?ringes Measure Gas Volumes

1) Gases can be measured with a gas syringe. They should be measured at roor fetperature and pressure
as the volume of & ges changes with temperature and pressure. You MUHdanmagusWMs
the right cize for the measurement you're making. Before you use the syringe, you should make sure
e completely sealed and that the plunger moves sieoofhly.

2} Alternafively, you can use an upturned -Trea-'urmg_nggmﬂc-r filled with waier. The gas will displace the
water so you can read fhe mlurnse off the scale — see page 237,

3) Other methods to meazure the amount of gas include counting the bubbles produced or measuring the
lengih of & gas bubble drawn slong a fube (see p.52). These methods are leoo scourate,
but will give you relative amounts of gas 4o compare resulis.

4} When you're measuring & gas, you need to make sure that the equipment is set up so that none of the
jgas can escape, otherwize your resulfs won't be socurafe.
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Measuring Techniques

Eureka Cans Measure the Volumes of Solids I

n
2)

3)

4)

5)

Eurcka canc are used in combination with measuring cylinders ﬂ:r::-l
to find the volumes of rregular solids (p.192).

They're essentially a beaker with a spout. To use them,

fill them with water so the water level is sbove the spouf. \

Let the water drain from the spout, leaving the water level jusi Umww
below the start of the spout (so all the water displaced by an object cplinder

poes into the measuring cylinder and gives you the cormrect volumea).

Place a meazuring cyfinder below the end of the spout. When you place a solid .;:ﬁﬁ.

in the beaker, if causes the water level to rse and water to flow out of the spout.

Make sure you wait untll the spout has sfopped dripping before you measure the volume
of the water in the measuring cylinder. And eurekal You know the object's volume.

Measure Most Lengths with a Ruler

1}

2)
3)

4)

8}

In most cases a bog-standard cenfimetre ruler ean be used to measure length.

It depends on what you're measuring though — metre rulers sre handy for |arge distances,
while micrometers are used for measuring ting things like the dismeter of a wire.

The ruler should always be parallel to what you want to messure.
If you're dealing with something where H's fricky fo messure just one sccurately (e.g. water rpples,
p-219). you can measure the length of ten of them and then divide fo find the length of one.
I you're taking multipls messurements of the same object (e.g. to meazure changes in

length) then make sure you always measure from the same point on the object. | can ot w:‘-ngw
help to draw or stick small markers onto the object fo line up your ruler agaINS!. e—. ——
Make sure the ruler and the object are always st aye |evel when you e
take a reading. This stops parallax affecting your resulls. ce— e 575 ":hr
=
Parallay is where a measurement appears fo chonge based on where E_:_": L7
you're locking from. The blue line is fhe measurement taken when ]
the sprng k= at eue lovel. It chows the correct lengih of the sprng. i

Use a Protractor to Find Angles

)
2)

3)

4)

First align the vertex |point) of the angle with the mark in the cenire of the profractor.

Line up the base line of the protractor with one line that forms the anple and
then measure the angle of the ofher line using the scale on the profractor.

If the lines creating the angle are very thick, align the protractor and measure
the sngle from the centre of the lines. Using a sharp pencil to trece light
rays or draw diagrams helps to reduce errors when measuring angles.
If the nes are too short fo measure easily, you may have to exdend

them. Again, meke sure you use a sharp pencil fo do this.

Measure Temperature Accurately |
You can use a thermomeler to measure the temperature of a substance:

]
2)
3)

Make sure the bulb of your thermometer iz completely submerged ih any midure you're measuring.
If you're taking an initial reading, you should wait for the femperature fo siabilize first.
Read your measurement off the scale oh a thermometer at eye level fo make sure {H's correct.
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Measuring Techniques

You May Have to Measure the Time Taken for a Change
1} You should use a siopwsich to fime experiments. These measure fo the nearest (.1 =, so are zensifive.
a.ngi_gri;l_-_r-.mhﬂwﬁﬁmummhmmhmﬂpmmﬁﬁﬂafﬂunm&@
3) You might be able to use a light pete instead (p.239). This will reduce he srrors in your experiment.

Measure p]i to Find Out How Acidic or Alkaline a Solution Is
You need to be able to decide the best method for measuring pH, depending on what your experiment is.
1) Indicators are dyes that change colour depending on whether they're in an acid or an alkali.
You use them by adding a couple of drops of the indicator to the solution you're inferested in.

2 Universal indicator is a8 mixture of indicators that changes colour gradusally ss pH changes. | doesn't
show a sudden colour change. W's useful for estimating the pH of a solution based on He colour.

3]} Indicators can be sosked into paper and siripe of this paper
jnﬂanunndfmim H. If you use a drop ety Lifmus paper turns red in acidic

Jup i ping pip conditions and blue in basic conditions

spot a small amount of a solufion onto some indicator p S

aper, 2 i
e Universal indicetor paper can be used
H will charge colour depending o the pH of the sokution. to estimate the pH bazed on He colour.
4) Indicator paper is useful when you don't want fo change the Z=
colour of all of the substance, or if the subsfance s already eoloured so might checure the colour
of the indicator. You can also hold a piece of damp indicator paper in 8 gas sample to test iz pH.

G} pH probes are attached fo pH meters which have a digital display that gives & numerical
value for the pH of a solufion. They're used to give an accurate value of pH.

1 View down
You Can Measure the Size of a Single Cell the micrascope

\lu|I-|IIII|||||,a_'__

Wheh viewing cells under & microscope, = You can vead =
you might need to work out their size. = all about wsing =

= = fir
To work out the size of & single cell: z m;ﬁ:gf <

LU ERFRTTRT I

1) Place a clear, plastic ruler on fop of your microscope slide.
Clip the ruler and slide onto fhe siage.
2} Belect the ohjeclive lens that gives an overall magnification of x 100.
3) Adjust the focus to get a clear image of the cells.
4} Move the ruler so that the celle are lined up along | mim.
Then count the number of cells along this 1 mm sample.
5) Imm = 1000 pm. 8o to calculate the lengih of a single cell in pm, =l ruler' marking
you just need to divide 1000 pm by the number of cells in the sampla.
E.g. if you counted 4 cells in 1 mim, the length of & single cell would be: 1000 + 4 = 250 ym

Use the Cell Size to Work out the Length of a Scale Bar ..., fmt e

1) Ifyou draw a diagram of a cell you've observed under q \ f
a microscope, Yyou might want fo include a scale bar, 500 pm

2] Onece you know the size of one cell, you can use it to ealculate how long your scale ber should be.

3} To draw s 500 pm scale bar, ; lang#h of call {um) x 50O

just use this formula: eee____apr Ul 2R T RS actual lergth of cal {jim)

Experimentus apparatus...
Wizardry won't help you here. unfortunately. Most of this’ll be pretty familiar to you by now, but make
sure you know these techniques inside out so they're second nature when it comes to any practicals.
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Safety and Ethics

Before you start any experiment, you need to krow what safety precautions you should be faking.
Ard they depend on your method, your equipment, and fhe chemicals you're using.

Make Sure You're Working Safely in the Lab

1} Make sure that you're wearing sencible clothing when you're in the lab (e.g. open shoes won'f protect
your feet from spillages). When you're doing an experiment, you should wesar a lab coat to protect your
gkin and clothing. Depending on the experiment, you may need to also wear gafety gogples and gloves.

2) You also need to be aware of general safety in the lab, e.g. keep anything fammable away from it Bunsen
burners, don't directly fouch any hot equipmend, handle glassware carefully so # doesn't break, ste.

3} You should follow any mstructions thet your teacher gives you carefully. But here are some basic
principles for dealing with chemicals and equipment...

Be Careful When You’'re Using Chemicals...

{cateh fire easily), or they might iritate or burn your skin if # comes info contact with them.
2] Make sure you're working in an area that's well veniilsted and H you're doing an experiment that might

the gas can't escape out info the room you're working in.

3] Mever directly touch sny chemicals (even if you're wearing gloves). Use a spaiuls to francfer solids
betwsan containers. Carefully pour liquids belween containers, using a funnel to avold spillages.

4] Be careful when you're mixing chemicals, as a reaction might occur. I you're dilufing a liquid, add the
concentrated substance to the waler (not the other way around) or the mixture could get very [iod.

...and Equipment

1) Sfop masses and equipment falling by using clamp stands. Make sure masses are of a
sensible weight so they don’t break the equipment they're used with, and use pulleys of a
sensible |ength. That way, any hanging masses won't hit the floor during the experiment.

2] When heating matertals, make sure o let them cool before moving them, or wear insulafed gloves
while handling them. H you're using an immersion heater to heat liquids, you should
ahways let it dry out in air, just in case any liquid has leaked inside the heater.

3) If you're using a laser, there are a few safety rules you must follow.

Always wear laser safedy pogles and never look directly into the laser or shine H
towsards another person. Make sure you turn the laser off if H's not heeded to svoid any sccidente.

4) When working with elecironics, make sure you use a low encugh voliage and current to prevent wires
overheating (and potentislly melting) and avold damage fo components, like blowing a filament bulb.

You Need to Think Ebout Ethical Issues In Your Experiments

1} Any orpanisms involved in your investigations need to be treated safely and ethicall.

2) Animalz need to be treated humanely — they should be handled carefully and any wild animals
captured for sfudying (e.g. during an irvesfigation of the distribufion of an organism) should be
refurned to their orginal habitaf.
3) Any animals kept in the lab should aleo be cered for in a humane way,
a.g. they should not be kept in overcrowded conditions.
4] W you are carrying out an experiment involving other studends (e.g. irvestigating the effect of caffeine on
reaction time), they should not be forced to participate against their will or feel pressured to take part.

Safety first...

1 know — lab safety isn’t the most exciting topic. But it's mega important. Mot only will it stop you from blowing
your eyebrows off, it*l] help you pick up more marks in the exam. And that 18 worth getting excited about...
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Setting Up Experiments

Setting up the equipment for an experiment correctly is important. These pages cover some of the
experimental sef-ups that you could be asked about in your gxams. 8o you'd beter get on and learn them.

You May Have to Identify the Products of Electrolysis 5 s :r:lﬂjr;lalb‘:.):l””_f
1) When you electrolyse an agquecus solufion, the products of electrolysis will depend mifﬁ?‘ﬁfﬂf.‘??fﬁ.cf

on how reactive the ions in the solution are compared to the H* and OH- jons that come from water.
2) At the cathods you'll edther get a pure metal coating the electrode or bubbles of hudrogen gas.
3) At the anode, you'll get bubbles of cxygen ges unless a helide jon ke present, when you'll get the halogen.
4} You may have fo predict and dentify what's been made in an electrolysie experiment. To do this, you
need to be able to set up e equipment correctly so that you ean collect any gas thet's produced.
The easiest way to collect the gas is in a test tube.
5} Here's how to zet up the equipment...

: a ﬁupf'ﬂdlﬂ‘ﬁdat
inverted test .:.:_‘_-‘- :
gt 3 mude test tubes
sobution .' =
ctrodes i - o ks
e 5\ N =
S . dl. i / ,w_.,IJI.|1|.r|L|||.|1|.|1LIu_
N . = The besks for gases are =
= described on page 155 =
:}’1I||'I|||I|1I|I-'HI1IHI"
electralyte solition

Potometers Should Be Set Up Underwater

A potometer is 8 special piece of apparatus used to messure the water upiake by a plant.
Here's how to set one up:

‘|.|r||r|||.'|ll.lI|1l|.|llHIIIJIIiII'|r|II{:

F T If there are air bubbles in the apparabus or —
1} Cui a shoot underwater fﬂpmrﬂ?ﬁmn S e et apora sl e o v, =
Enl'ﬁl'hﬂi'hﬂl’@ﬂn. Mliﬂtndﬁbjhm —““|||1|||||,”|,||r|]||.|“Ifl|1l|||lli|-\'

the surface area available for water uptake.
2) Assemble the potometer in waier and insert the shoot
3) Remove the apparatus from the water but keep
the end of the capillary fube subeerped ih a
beaker of water.
4) Check that the apparatus ls waierlight and airlight.

5) Dry the leaves, allow fime lhr_ﬂ'm shoot to
seclimatize and then shul the fap.

8) Remove the end of the capiflary fube from the beaker

end of the tube hack Lo the water.
7} A potomefer can be used to estimate the ranepiration Ebnahane o wanhar.
rale of a plant. There's more about this on page 41.
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Setting Up Experiments

To Collect Gases, the System Needs to be Sealed

1} There are times when you might want to collect the gas produced
by a reaction. For example, to ivesfigate the rate of reaction.

2] ﬂmmﬂmﬁwmhmmumﬂmmlumufug&uﬂml'a-ﬁm

baen produced is to ecollect H in 8 gas suringe (see page 232)

3) You could slso collect it by displacing water from a measuring cylinder. Here's how you do H...

+ Fll a measuring cyulinder with water, and carefully place
H upside down in 8 container of water. Record the inHisl
level of the water in the measuring cylinder.

+  Position a delivery tube coming from the resction vessel
oo that H's jngide the measurng cylinder, pointing
upwards. Any gas that's produced will pass through the
delivery tube and into the measuring cylinder. As the gas
enters the measuring cylinder, the waier iz pushed out.

»  Record the level of water in the measuring cylinder and
use thiz value, along with your indtial value, fo calculate
the volume of gas produced.

Nl,l_l||l|

some of the
IR EIET L

4) Thiz method ks less scourste than using a gas syringe to messure the volume
of gas produced. This is because some gases can dissolve in water, so
lese gas ends up in the measuring cylinder than ke actuslly produced.

5) If you just want fo collect a sample to test (and don’t need to measurs
a volume), you can collect if over water, as above, using a fest tube.

Once the test tube is full of gas, you can sfopper it and store the gas for later

Make Sure You Can Draw Diagrams of Your Equipment

_‘\Hl.l'l]”]l'lli'l‘lrll'l!llil'l”rril'l“|]_r_,
If the delivery tube s underneath the =

measuring cylinder rather than inside it then

AREARE

gas might excape out min the air.
Dawlg g b VR LS e g hpytgel™

_"-._|I-|I.IIIIII|I|.||||J||llr||.|r
o ber — when you'te

ﬂngag-s,ymwmt
has o be sealed o SOME G
could escape aned pour results

wouldiil be sccurate, e

"”|'||'Jl|'|lllr|.|||_|||||.|||”{\

#

BRETR] vy

AELIETGGN

L3

:I} Hﬂngﬂu'mwﬂﬁgmﬁamﬂjﬂ;ﬂhruﬂmm. H'ﬂanmdidan

to draw a labelled diagram showing how your apparatus will be set up.
2) The easiest way fo do this iz fo use a scientific drawing, where each piece
of apparatus is drawn as if you're looking at He cross-section.

g L

Bursen burner

gaure hreat-proof mat

Science exams — they’re a set-up...

REIAETHEES AV AREFR LA FRT T Oy,
TThe pieces of glaswwane are
dmﬂﬁﬁ'lmﬂ.h:psmﬂ'\q
arent sealed. I you want to

draw a dosed systern, remember
to draw a bung in the tap.

STPLURIAR VRIS LRI LR b

WER L,
RFARRE RN EE A

"
,

It may seem like science exams are a devious ploy by the creatures of darkness to set you up for misery and
heartache... and maybe they are. But whether they are or not, you need to know each of the experimental set-ups
on these pages. It'll be worth it in the end, when you ace the exam and smite the evil ones with your top prades. .
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Heating Substances

Heating a reaction isn't as simple as wrapping i up in a lumpy wool jumper and a stripy scarf.
Thete's more thah ohe way to do i, and you need to be able o decide on the best, and the safost, method.

Bunsen Burners Have a Naked Flame

Bunsen burners are good for heating things quickly. You can easily adjust how strongly
they're heating. But you need to be careful nof fo use them if you're heating flasnable
compothds s the flame means the substance would be at ek of catching fire.

Here's how o use a Bunsen burner...

= Connect the Bunsen burher 1o a gas fap, and check that the

hole is closed. Place  on a heai-proof maf. s
= Light a splint and hold it over the Bunsen burner. Now, furn on H“LP'W‘

the gas. The Bunsen burner should light with a yellow flame. Hode is dosed
+  The more open the hole is, the more sirongly the Bunsen burner \ s

will heat your subsfance. Open the hole fo the amount you want.

Az you open the hole more, the flame should furn more blus.
*  The hottest part of the flame is just above the blue cone, —
g0 you should heat things here. peut
= W your Bunsen burher iz alight but hot heating anything, make sure
you cose the hole so that the flame becomes yellow and cleasrh visibie. W
+ W you're heating something so fhat the confainer (e.g. & fest fube)
iz in the flame, you should hold the vessel at the fop, furthest away
from the substance (and so the flame) using a pair of fongs.

*  If you're heating something cyver fhe flame (e.g. an evaporating dich), you should
put & fripod and gauze over the Bunsen burner before you light #, and place fhe vessel on this.

The Temperature of Water Baths & Electric Heaters Can Be Set

1) A wafer bath ie a container filled with water that can be heated to a specific fempers
A simple mhaihmbamndnhdhmmgahmkﬂrufwaimmuﬂﬁummhu n.nlitmtﬂurirﬂihu
temperature with a thermometer. However, i is difficult 1o keap the temperature of the water consfant.

2) An glectric weter bath will monitor and adjust the temperature for gou. Here's how you use one:

+ Saf the temperature on the water bath, and allow the water fo heat up.  mbber duck

1' 2 “ reaction vessel
= Place the vessel containing your subsiance in the water bath ’
using a pair of fongs. The level of the weter outside the veszel

should be just above the level of the substance inside B i
the vessel. The substance will then be warmed to control s
the same fernperature as the water.

'.'llirIJIIJI'|'IHl|-II|-HII.-,

Az the substance in fhe vessel iz surrounded by water, the heating is very even. = Handle any glaswware you've =
Woater boils at 100 °C though, so you can't use a water bath to heat something = heated with tongs until you're =
1o & higher femperature than fhis — the water won't get hot enough. - sureifscoaled down. =

""I'IIIIL|I|IHJFIII|I'|II'|E'\I
3) EHeciric heaters are often made up of a metal plate that can be heated fo a cerfain temperafure.
The vessel containing the substance you want to heat ks placed on top of the hot plate. You can heat
substances to higher temperatures than you can in & weter bath but, as the vessel iz only heated from
below, you'll usually have fo stir the subsfance inside o make sure i's heated evendy.

A bath and an electric heater — how I spend my January nights...

You know, 1 used to have a science teacher who'd play power ballads when the Bunsen burners were alipht and
sway at the front of the class like she was at a pig. You think 1 made that up. but it's true.
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Working with Electronics

Electrical devices are used in 8 bunch of experiments, so make sure you know how to use them. <

You Have to Interpret Circuit Diagrams

Before you get cracking on an experiment involving any kind of elecirical devices, you
have 1o plan and bulld your circuit uging a circuit disgram. Make sure you know all of
the circuif symbols on page 179 so you're not stumped before you've even sfarted.

There Are a Couple of Ways to Measure Potential Difference and Current

1) I you're ugsing an analogue volimeter, choose the voltmeter with the most & riafe unit
e.g- ¥V or mV). I you're using a digifal voltmeter, you'll most likely be able to switch between them.

2) Connect the voltmeter in parallel (p.184) scross the component you want to fest.
The wires that come with a volfmeter are usually red (positive) and black (hegative).
These go info the red and black coloured poris on the volimeter. Funnily enough.

3) Then simply read the potential difference from the scale (or from the screen if H's digifal).

-

1} Just like with voltmeters, choose the amnefer with the mosi appropriate unif. P UL TR Y T
Tlln}wrmw[iﬂ-'__

2} Connect the ammeter in scries (p.183) with the component you want o :: between readings =
test, making sure they're both on the sore beanch. Again, they usually T to prevent wires =
have red and [dack poriz fo show you where fo connect your wires. - “R"m"ﬂbﬂ =

3) Read off the current shown on the scale or by the screen. _: mmpm; _E

NIRRT i g it

1) Instead of having & separate ammeter and volimeter, many cireuits
use multimeters. These are devices that measure a range of properties _
— usually potential difference, current and resistance. -

2} If you want to find potential difference, meke sure the red
wire iz plugged info the port thet has a V" (for volis).

3} To find the currant, use the port labelled ‘A’ or 'mA’ (for amps).

4] The dial on the mulimeter should then be turned to the relevant section, e.g. fo A
to meacure currend ih amps. The screen will display the value you're measuring.

Light Gates Measure Speed and Acceleration

1) AlQight pate sends a beam of light from one side of the gate o 8 detector on
the other side. When something passes through the gate, the beam of lght is
inferrupted. The light gate then measures how long the beam was undefected.

2) To find the zpeed of an object, connect the light gate fo a computer.

Measure the length of the object and input this using the software. It will then
automatically ealculate the speed of the object as it passes through the beam.

3) To measure sccelerafion, use an object that interrupts the signal twice in —\
a ghort period of time, e.g. a piece of card with a gap cut info the middle.
4) The light gate measures the speed for each section of the object and uses this s pr

to ealculate He scceleration. This can then be read from the compufer screen. el
Have a lock at page 213 for an example of a ight gate beng wmed.

A light gate is better than a heavy one...
After finishing this page, you should be able to take on any electrical experiment that they throw at you... ouch.
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Sampling

I love samples... especially when I'm a bit peckish in the supermarket and they're handing out fres chesse.
l:]n&:rlmlalg. Hispegu-hn!dmuiﬂmnmpha. l's & lot more useful than that...

Sampling Should be Random
1) When you're invesfigating a population, it's generally nod possible to study svery single orpardem
in the population. This means that you need to feke samples of the populstion you're interested in.
2} The sample data will be used fo drow conclusions about the whole populathon, vl W,
s0 i's importand thet it accurately represents the whole population. ‘Li”"‘ﬂ'f doeselt represent
3) To make sure a sample represents the population, i should be random. YR Lol

i

it's sand i b binged. -
L RN R R AT I

SAEEL

Organisms Should Be S3ampled At Random Sites in an Area

1) If you're interested in the distribution of an organism in an ares, or He population size, you can take
population samples in the area you're inferested in using guadrats or fransects (see pages 87-88).

2) Ifuﬂumﬂg!ﬂmuﬂrﬂmhmugmﬂmam your results will be biased — they may not give

3) Tumdmmihnfwsamplmlm*ihlmd you need to use a method of choosing sampling sites
in which every sife has an equal chance of being chosen. For example:

If you're looking af plant Man-random samgling

gpmi.hﬂ-ﬂdd"_ Ownly looks 2t a small part of the Beld  Randomly selects squares from all over the fiskl,

1) Divide the field info a pad. 1| ! ek ' L I W

2) Label the grid along : ndendid s : .. b ..
™ v Y O

8) Usso pandow nbse g TN ] M i Ll
generotor (on @ computer 7| - 0 ! ? -.:. kgl
or calculator) o select 8 | ! sl [ : . i
coordinates, e.g. (2,8). 3 S s CET T

4] Teke your samples at o] P i o] [ et
these coordinates. 12 3456748910 ¥ EI-q 56 78 910

' Health Data Should be Taken from Randomly Selected People

1) Az mentiohed above, H's not practical (or even possible) fo study an endire human populsiion.
2) ‘fnunnadfumnrm sampling to choose members of the population you're interested in.

ealth professional e investigating how many people diagnosed with Type 2 disbetes

hupﬂiﬂlmmﬁudmﬁm&hﬂﬁdmw

1) Al the people who have been diagnosed with Type 2 disbetes in the couniry of
inferest are identified by hospial records. In fotal, there are 270 196 people.

2] These people are assigned a number between 1 and 270 196.

3) A random number generstor i used to choose the sample group
{e.g. it selects the individualz #72 083, #11 822, #193 123, eic.)

4) The proporticn of people in the sample that have heart disease can be used to
estimate the tofal number of people with Type 2 diabetes that also have heart dizease.

‘Eeny, meeny, miny, moe’ just doesn’t cut it any more...
Sampling is an important part of an investigation. It needs to be done randomly, or the data won't be worth much.
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Comparing Results

Being able to compare your results iz really imporfant. Here are some ways you might do if. | spoil you.

Percentage Change Allows you to Compare Resulis |

1) Hmhlhwmhlt;@hnwnﬂn.uwmugmhﬁnn@g ate results that didn't have the

zame inthial value. For example, you may want to compare the change in mass of potato cylinvders
left in different concentrations of sugar solution that had differest initial masses (see page 18).

2) One way fo do this iz to calculate the percentage change. You work it out like this:

percentage (%) change = final value — original value __ - e
_ p
gxnﬂ? A student is investigating the effect of the concentration of sugar solution on potato cells.

original value

She records the mass of potato cylinders before and after Botatn | Coieaatratiaa 1 M at | Moot
placing them in sugar solutions of different concentrations. cylinder | (mol/dm?) | start (g) | end (g}
The table on the right shows some of her results. : e -
0.0
Which i had th t hange?
ich petato cylinder e largest percentage change = 7 = e

1} Stick each set of results into the equation: _ ——— The mam at the gart i the
1L BI-75", 100=16% orginalualue The mass at
final value — originalvalue =~ T35 - e Bl ok
onginal value LY et :
2. 6880 , 150 = 153 — Here the mass has decrsacad =0
8O the percentage change i= pegative.
2) Compars the results. 16% is greater than 15%, so the potate cylinder in the 0.0 mol/dm? sugar solution
had the largest percentage change

% change =

Pexcentlles Tell you Where in Your Data Set a Data Point Lies |

1) Pfamm-rlﬁmuaueaﬁjHunuwﬂiuuunpmihuvalunnfnnedaﬁggﬂmﬂwminfuﬂmdm
2} To find a percentile, you rank your dafa from smallest fo largest, then divide i into one hundred
aqual chunks. Each chunk iz onhe percendile.

3) Thiz means that each percentile represents one percent of the deta, and so the yelue of a percentils
tells you what percendage of the data has a value lower than the data points in that percendile.

E.g. Mike the Meerkat is in the 90th percendile for height in his pang.
This means that 20% of the gang are shorfer than Mike.

4} Percentiles can be used to give 8 more realichic idea of the spread of data than the range (cee p.B) —
by finding the range between the 104h and 90ih percendiles in a data set (the middle 80% of the data),
you can look af the spread of the data while ighoring any outlying results. A

""”Wﬂlél'isavalue that's mach =

= barger
104h percendile median  90+h percentile This data set has - H’ﬂ:‘ﬂﬂﬁﬂmﬂw;tenar_
\h l‘ i/ a er r — ’”'"'“"“”Hllllllrln-.\
= ... but thiz data set is mors \\11I||1||H|l|:hll.|'_.:-__
I = The median is the -
- o . compact around the median, e R
! i | | == — the largest data value pe). s aba the =

is an ouflier.
TRV ERRSNERLL

Percentage change in how much I love maths after this page — 0%
Aaaand that's the end of Practical Skills. folks. Go forth, and science like you've never scienced before. .
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p-11—Calle
Q1 Any twa from: e.g. prokargofic cefls ane smaller

p. 12 — Microscopy

G real sive = mage size + magedication
= 2.4 mm + 40
= (L0E mmn [T mark]
L0G = 1000 = 60 pm [T mark]

p-13 — More on Mictoscopy

€ To highlight cbgeds within the sample by adding
oolonr bo theen [T mark]

p-14 — Cell Differentiation and

tH  E.g they have few suboslular stinschares: |
They're joined and o end. [ They're long.
{1 mark]

Q2 The coll has a hoirfke shape, which gives ita
large sorface area {1 mark] o abmorh waber and

p.15 — Chromosomes and Mifosis
Cda) 11« (62 + 11} = D160,
0.960... x 100 = 15% [T mark]

b} E.g. she could soe the X.shaped dwomosomes
in the: mickdie of the celis. | She could soo the
amms of the chromosomes being pulled apart
{1 mark].

p.[ﬁ—SlemCallﬂ
-ﬁﬁmhmd’ﬂnpﬁtﬂmﬂ
nﬂmﬂ'ﬂnmm genetically identical

p.17 — Diffusion

CH a) The ink will diffuse [ spread out theough the
particies will move from whene = o ligher
ooncentration of them (the drop of ink) 1o
where thers is a lower concentration of them
{the surrmunding waler} [T mank].

b} The ink particles will diffuse § spread out frsber

[T mank]

p.-18 — Dsmogis

Q1 Waler will mowe oot of the picoe of potata by
osmosis [T mark], so s mass will deorease
[T mankj.

p-18 — Fctive Transport
01  Ackwe mrmport allows nuinents such os ghcoss
hmim-hmrmnhwm
in the blood § the

@ highesr cor
mmmg-hi”l’mﬂ.

p-30 — Exchange Surfaces
@1 Surinoo amac
Z=Fa2=8
Zel)=d=8
A+ 8= 18 " [ mark]
Wolame:
2=2 =1 =4 pm’ [T mark]
Bo the surfarcs arsa o volume mbo i 36 4,
ord - 1 [T mark].

p.21 — Exchanging Substances
i Eg 'lﬂ'!lhblhwmm 1 Thesy harve

a st lining for gases. | They have
wesny thim wealls. / They have a good blood supply.
[1 mark]

oz mmmﬂnish\‘yhmlﬂ
ferss iron can be absorbed from the digesied
food in the small inlestine inbo the blood
1 mank].

Answers

p-22 — More on Exchanging Substances
01 Any two frome e.g. it is made up of gill laments

a thin surface kvyer of oolls. [ The hmoline
hawve ot of capillaries. [ A kege concontration

p-24 — Cell Organisation
Ll Mtun‘uﬂhtpdmmsﬂmj
thad work logether lo pesform a

P

Tunection [T mank].

p-28 — Enzymes

01 Hibe pH i boo high or too low, it can inberfers
with the bonds holding the

This changes. the shape af the acfive sits

[ mark] and denatures: the eneyme [T mmnk].
p-26 — Investigating Enzymatic Reactions
H 7 minudes = 2 = B) = 120 seconds

36 = 170 = 0.3 om¥s I mank]

p-2T7 — Enzymes and Digestion

O Bilz &= alkaline, so it esviralses the stomach
acid and makes condiiors in the small inlestines
alicalne [T mark]. The aneymes of the smal
intestine work best in these akafine conditions
[ mark]. it slso emulsifies sbrealks doan
Faks inios Sy droglets [T mark]. This gives a
bigger surfaos area of fuf for the ereyme Epasa
1o work on, making digestion faser [1 mank].

p-28 — More on Enzymes and Digestion
p-20 — Food Tests
1 iodine solutinn [T mark]
p-30 —The Lunigs
Of  485+12
= di1 booatfs per minute. [T mank]

p-31 — Circulatory System — The Heart

O The aght ventricke [T mark].

Q2  Thay supply coygenated biood fo the hoart iself
1 mark]

p-328 — Circulatory System —
Blood Vessels

@1 24751 = 1000 = 2175 ml [1 mark]
2176 + 8.7 = 260 mi¥min [1 mark]

p-33 — Circulatery System — Blood

1 They help the biood to clot of @ wound [T mark].

02  Tocamy oxygen from the bngs fo ol the osls in
thes body [f mark].

p.34 — Cardiowascular Dicease

{H a) Stents can be inseried into the coronany areries
10 keep them open [T mark]. This ersunes that
thes supply of cygenated blood to the heart 't

be} Aniy bwen frome eg. there i o sk of
complications such as a heart attads during
the opertion.  There's a sk of infection from
surgery. | There's a nisk of the patient developing
& binod dotthrombosziz near the sient
[2 marks].

p-35 — More on Cardiovascular Disease

U a) The hesit vabves might not be able to open
fully, memining that less blood can flow tmogh
thesn [T mark]. They can also become leaky,
meaning that blood & able to flow in both

b} By mﬂnmﬂlihﬂhgulnr
mechanical wafve {1 mark].

Q2 Any ona frome o.g. sumery 1o fit on anificial boart
can lead 1o beading and infection. | Parts of
the arificial hoart could wear out. ! The clecinc
maotor could fail. ! Blood doesn't flow through the:
hesant = =moothly, which could couss diols and
load ko strokes. [ The patient has to taks biood
thinning drugs o prevent blood clots, whidch
could conse probloms with bleeding if thay'm
hawt in an accident [ mark].

p-36 — Health and Disease

01 The stabs of physical snd mental wellbeing

Q2 It can be spread from person o peson [T mark]

03T — Risk Factors for
Non-Cormmunicable Dizsesses
1 The presence of cerain subsionoes in the body.
FThe e of certain sut inthe
cm'l\:l'm‘lﬂmij.

p-38 — Cancer

1 Body cells dividing out of control [T mak].

Q2 Amy thres from: ey, smoking | obesity § UV
exposiwe | viral indection [1 mark for aach
cormect SNSwe, Bp o T marks].

p-38 — Plant Cell Organisation

Q1 Meristom fissue is found at the growing tips
of roots and shoots [1 mark] and is able to
differentiabe o kots of difemat types of plant
cell [T mark].

p-40 —Transpiration and Translocation

01 Eylomis made up of dead colis joined together
end ioend [ mark] with ro end walls between
them and a hole down the middie [1 mark].
It iss strengthesned by lignin [T mark].

p-41 —Transpiration and Stomata
highesr i the hot, dry area [ mark], so the alos
vera will have fewer siomata o help conserve
water [T mark].

p-43 — Commanicable Diseasa
mactinery of the cell they live in to producs
masny oopies of themseheos [T mank]. The ooll
will usually thar burst, releasing all the new
vinses [1 mark].

p-44 —Viral, Fungal and Protist Diseazes

01" a red skin rsh [1 mark]

QF  Usig a fungicide [T mark] ond by sinpping the
plants of the affecied learves and destroying

p-45 — Bacterial Diseases and Preventing
Disease
1 Simins of the bacteria becoming resstant io
antbinticsfpenicilin [1 mark].
Q2  To provent the contominalion of food by
dispase-cusing pathogens [T mank]

p 48 — Fighting Discase
It i whien white blood oells enguif forsign: cells
az mehmmﬁmﬂ.
They have oiis [T mark], which walt the: mosous
up o {he back of the throat whese it canbe

p-4T — Fighting Disease — Waccination

1  Basia's while blood colls moognise the antigens
on the flu vines and mpidly produce antibodies,
whach: kill the: pathogean [T mark]. Camsion's
50 it tolies o while for them 1o produce andibodies
and he bocomes il in the: moantime: [T mvank].

p-48 — Fighting Disease — Drugs
O bactesia [ mark]




p48 — Developing Drugs

o
oz

@

youl'rer looking for 1 mark].

T ke sure that the dnsg doesn't Rave any
hiaironful side sfiects when e body & working
To help fo prevent false daans about the results
{1 mari].

p.50 — Photosynithesis and Limiting Factors

o
a2

Light imtensity [T mvark], volume of GO [T avak]
arvl armount of chiarophyll [T mark].

p.53 — The Rate of Photosynthesis

o
oz

E_g. fight intensity [1 mark], GO, [T mank].
light imansity o —L—
1+ 15 = 000444 aan [ mark]

1+ B =00 aun. [f mark]
004 + 000444, = B [T mack]

p.E-l — Respiration and Metabolism

oz

vy taro from: o.g. 4o build up langer molecules
from smaller ones. | To conteact musdes. |

T keeseyp by femperaiure sheady.

[1 mark for sach]

The susm of all of the roactions that happen ima
ceell or the body [T mark]

p.55 — Bertobic and Anaerobic Respiration

o
az

Fesmeniation [T mank]

p.58 — Exercize

o

Running [T mark]. It rases the pulse mite he
mast, 5o it is the most vigonous type of axacise
{1 mari]. The mone vigorous the excroise, the
man anaorobic respintion will be taking place
in the muscles [T mark] Anserobic respimtion
producss. bsdic acid, so nmning will kead 1o

tiver greatest bulld up of bdic mcid in e blood

p.58 — Homeostasis

iril

T miasimdaxinu e right oonditions for oells o

p.59 — The Nervouns System

o

Mhuscles: [1 mark], glands [T mank]

p.60 — Synapses and Reflexes

o

Arapid, b stimades that
mimhmpﬁdﬂnm
[f mark].

02 a) musde [7. avark]

b) The heat shimulis i detedod by roepions in

tive hamd [T mark], which send impulsas along
o memsory reurcne o the CHS [T menk]. The
impuises are trarefemed ta a rebry newons
1 mark]. They are then transfeoed 1o
mialor newrone and trovel along it o the

p.61 — Imvestigating Reaction Time
O &) 242 + 256 « 263 + 249 + 236

=123 [T mark]
1235 = b = 4T ms [T mark]

&) Asry bwo from: e.g. the hand each persan wsed

1o dick the mouse [ the compuier equpment’
umed J the asmoamnt of enengy drink
thay comsumesd [ the type of aneegy drek usad

p.628 — The Endocrine System

iry

Hemmse it produces meny hormonss that act
on other glands fo reguiabe body conditions

p.83 — Controlling Blood Glucose

o

Curve 1, bocarume the sooretion mbs i high
when the biood glucose level is low [ the
secnetion rle deorearses as the biood glucose
leved rizes [ mark]. Ghicagon moeases the
birod ghoose level, so it is ssorted when the
blcaod ghmose: kevel becomies foo low [ mark].

p.64 — Puberty and the Menstrual Cycle

ot
(2 F)

FEHSclck:. stimudoting hormens [1 mark]
testas [T mark]

p.68 — Controlling Fertility

ot

The contracoptive patch [T orank].

p.66 — Morme on Controlling Ferlility

o
o2

They stimuiste sawneral sggs o maluee [T mark].
E.g. it domsmt abways work. /i can be
expensive. | Tor many eggs can be stimrilsted,
ﬁﬂﬁlghmﬂ:dnmm

p.67 — Adrenaline and Thyrozine

ot
a2

thyroied ghand [ mark]
‘When the high levvel of thyrodne & detecied,
the secrefion of TSH from the pituitany gland is
infibited [T mark] This reduces te amount
{1 mark], so the level in the blood falls back

p.68 — DNA

o1

& small section of DMA found on 2 cheomosome
{1 mark] that oodes for o paricular saqueence
of amina acids [T mank] that are pul ingether lo
The entire =01 of genctic matorial in an organism
{1 mavk].

p.69 — Reproduction

ot
a2

Boomusn there am two panents, the offsping
mamdmm genes
¥ mark]. Thi= mi i

p.710 — Meiogiz

@t

23 [f mark]

p.11 — X and ¥ Chromosomes

=1

30K [T k]

p.18 — Genetic Diagrams

a1t

Your genotype is the combination of allles
woul have [1 mark]. Your phenotype is the
charmcteristics you have [T mark].

p.13 — Mo Genetic Diagrams

o

p.14—

®0
@ Fer | m
@ Fr | m
[V mark far corract gametes, 1 mark for
oormect affspring genctypes ard 1 mark for
oorrect ratfo. |

Inherited Disorders

s rooossive: [T mark], o you haee o bave o
recessive aliefes to have the disorder [1 mank].
Hetesorygous poople henve one dominsnt and
one reoessive allele [1 mark].

p.18 — Vartation

2l Dﬁmmmdﬂum
the emvironmentfoonditions something lives n
{1 mark].

p.T€ — Evolution

€1 There was a warioty of engthe in the

pI7
at

p.TH
o

p.18
at

B8O
ot

a2

p.81
o1

p.B3 —
ot

a2

p-B4
a1

a2

p.BE
ata)
b}

p.be
0 a)
b}
<}
dj
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— Belactive Breeding

beeed them together to produce offsprimg

{1 mark]. Select offspring with Aoppy sars and
bered thesn together [T mark]. Repest this over
iy gererabions unlil all of the offsprng have
mmmmwm

{1 mark]. This cowrses an increased chancs

of onganisms inheriing harmbul genetic defiecds
1 mark]. Thers iz also an increasad chanos
et population could be wipad oul by o new
dimeames [T k]

— Genetic Enginesring
Beredit — E.qg the chamoieristios chosen for GM

thart GM crops: are safe and are conosmed that
wer miight not fully understand the effects of
eating them on human health. F Some peopls
sy that growing GM crops will aflact the numibor
of wikd flowers and insects that live in and
arourd the orops. | There is conoem: that the
transplanted genes could get owt ko the: nahaml
ermvironment, which could kead ko the crealion of
‘superwesds' [1 mark].

— Fosails

The mecrobes lat coause docay can't survive in
mnmﬁﬂlnﬂnmtﬂrﬂd
[t mark].

— Antibiotic-Resistant Bacteria

Arry one front o.q. when the iiness & only o
1 When the infection is being caused by

a virus [T mank].

Taking the compiets courss makes muee that ol
thet thesre: are mone left to rutate and dmvelop
— Classification

B and C [T mark]

Competition

Hipry threo frome light ! space S watlor £

minecral ions [T mark for sach cormect answor,

up fo 3 marks].

E.g. the freg population might increase: s

there might be more: veater avaiabis

Fior theem bo mat [T mark] becauss there will be

Feraver sticklebacks to eal the wabsr spiders |

less competition for food [T mark]. | The frog

population decrease as they are mom

Mmhmhﬁeﬂmﬁjmm
bz Bower stidklebacks for the pilas to eat

!"I'lm'*]'

— Ahiotic and Bictic Factors

vy Bour from: moishere level [ light nborrsiby

I besmpesrture | cawbon dioodde lewed £ wind
intensity | wind direction I soil pH / mineral
content of =od [ mark for sach cormact soswer,
up to 4 marks].

#arry two from: availability of food § competition
fior resounoes { nesw pathogens [T mank for esckh
oorrect answar, up fo ¥ mas].

— Adaptations

E_g. it has flippers [T mank] so it con swim for
Food {1 mark]. J A thick layer of f=t [T mark] so
it retsins heat [T mark]. [ A low sudace ama o

— Food Chains

grass [1 mark]

grasshoppor [T mank]

The populiation of grasshoppers oold increase
1 mark] as there's nothing 1o sat them [T mark]
The popufation of snakes could deoreerms

1 mark] as themre's nothing for them 1o eat

1 mark].

Answers
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p.87 — Using Quadrats

04 OfE=4= SIl.lmlmps nt [T mark]
3 = 1200 = 3500 bafieroups w ol [ mark].

p.BB — Using Transects

1  Aline used to belp find cut how organisms ore
distributed noross an area |1 mank]-

02  They oould mark ot a ne across the field, from
one oomes o the other [T mank]. Then they
oould count all of the: dandsSons hat iouch the:
inex [ k],

03 You could estimate the of the
aquadnt covered by the: organizme [T mank].

p.B8 — The Water Cycle
01 a) By svaporation ! temspiation [T amnk].
br} By providing them with fresh warier [T mark].

p-#)— The Carbon Cycle

ad umﬂmmmm

oz Eyg‘umph'llmdﬂ;mhphuhqnﬂu’u
[T mark].

p-51 — Biodiversity and Waste Management
@1  The vanety of diferent spocies of organisms an
Earth, or within an ecosysiem [1 mank].

p.oE— thhalWa:mmg

o Glohal 1
an:mhnﬂ-ﬂwmmﬂ
[1 mank]. This causes the soa level i fisa
[T mark], which could lead o finoding of
lorartying land and therafore the loss of hobaats
[T mark].

p.92 — Deforastation and Land Use

@1 Troes Todk up’ some of the carbon that thery
absort during photosynthesis, so i loks of frees
are remaved, e carhon will e locked up
hmﬁbual‘rrnqimmﬂm’ljf If thez fand is
i:l:cfr.u‘bmh:i:nhnrduued[fmﬂ
Microorganisnes kseding on lefiover dead wood
rolearss carbon dinwide a5 @ wasto product of
respiration [T mank].

p. 34 — Maintaining Ecosystems and
Biodmwersity

wonild otherwise be unable o lve o the ams
[T mank].

@2 Breoding progrmmes broed sndangersd
animads in caplivity $o maks e the speces
mmsihg&ulnﬂuiidﬂmﬂj.

Indbadual be: 1o
I‘hewl‘llnh:nﬂu’m—eshbﬁl a population
I1 imark].

p-& — Atoms

04  profons = aloms number = 31 [ mark]
alectrones = protors = 31 [T mark]
newions = mass amber — alomic nember

= 70— 31 = 38 [1 mark]

.37 — Elements

04  E.q it's the namber of profons in an alom that
determines. what type of slom it is, so if all the
aloems: B the same number of profons then
the submtance is an dement 1 mark].

Q2 Felsiwe abomic mass =
(022 = T} + 4.7 = 24 + (3.1 = 3}

BEE+ 4T +a1 [t mvarik)
 IEIE S M3 491 2AMLE
= T =im

= #8100 = 20.1 [Y mark]

p.38 — Compounds

Qi (Z=Map+ (1= Ch+ (3= 0) =61 mark]

02  Alminim — 2 stoms, sulfur — 3 aboms
and ooygen — 12 atoms. [ mark].

p.99 — Chemical Equations
1 e+ 3CL - Hell, [ mark]
b} 2H,0 — 2H, + 0,
[1 meark for corroct resctants and prodicts,
1 mark for comoctly balancing]

p- 100 — Miztures and Chromatography
Q1 The pen ink might dissohs in the sobest and
nise up the Bier paper [1 oank].

p 101 — Maore Separation Technigues
Prowr thes copper sulfabe sobiion mio an
evapoimting dizh and showdy heat the solution
uniil orystals st to form or some of the sobvent
haws: evaporaied [ mark]. Leanen the dish o
oool until crystols form [T mark]. Fiter [T mark]
and then dry the onystals using a desicoatoe!
drying oven [ mark].

p- 102 — Distillation

@1 Ethamal [T mark]. Ethanol has the second
lowest boifing point and will be collecied onoa
all the: mothanol has been distiled off and the
\empoemture inorearsed [ mark].

p- 103 — The History of the Atom

1 Inthe plum pudding moded, the atom s a ball of
it [T mark].

Q2 I the plum pudding model was conrect you
would expect most of the alpha particles o
harve: passed theough the foil or only o have

p- 108 — Development of the Periodic Table

@1 By atomic weight [1 mark].

Q2 E.g be keht gaps in onder ie keep slaments with
samilar properties in the same geoup [T mank].
Ha hed the order of ok =

p- 108 — The Modern Periodic Table
o 77 mark]

02  Boeth chiorine and bromine ans @ Group T and
=0 havee: the same number of efectrons in their
oty shedl [ mark].

01 E.g polossium fomes 14 jons as it's m the sama
group s sodiem so wall readt in a similar way

p- 107 — Metals and Non-Metals
01 non-metal [T mark]
QF  Any thees brom: e.g. metals tend o be strong |/

ﬂ'lﬂhldﬂmpﬂ'michdﬂe- where they

don'’t e many sledirons in their outer shell
[1 mvark], or thoy can be towards the botiom
of the peniodic table where the outes elecions
are a long way from the nudews =0 feel o weald
attraiction [ mark]. This means hat mat msch
ey is needed to remove the ouber elecirons
aned form & positive ion [§ mark].

p- 108 — Group 1 Elements
@1 lithasn + waber — lithium hydmaida + hydrogen
1 mark]

Q2 As you go huther dovn the group the: cutor
eleciron is further awary from the nuclous
[ mark]. This maans the atiraction between
the nucleus and the sledron decreases =o s
mrmﬂj’mmudm&gnmmmﬂm

]:l 108 — Group T Elements
Br + 2Mal —» 2Nallr « | [T k]

EE I-H:gemmﬂdbrganigehﬂh‘msinma
Tl pugtesr-shrell [T mark]. As you go furthesr dosn
the group the oulber slectrons. ore: furthor
5o there & less atiraction betaeen them and
the mucleus [ mark]. This moans slecirons
are harder to gain so they beoome loss reactive
[ mark].

p-110— Groap 0 Elements
[1 mark.

02 Argon has a full outer-shall [T mank] =0 is
M!ﬂ*.ﬂidﬂ:rﬁnﬂhﬂw

p-112 — Formation of lons

@1  Noble gas elecivonic strocures: b o full sholl
of cuner electrons [T mark], which is a very
stabie structure |1 mark]

Q2 a) 1- [ mark]

b 24 ['1 moark]
c} 1+ 1 mark]

p-113 — Tonic Bonding

1 Each sodwm atom loses an eledron o form
an ar ion |1 mavik]. Each chiorine atom gains
an sladron fo form 3 CF on [T mark]. The
opposiely chamged ions are abimcted o eadh

p-114 — Tonic Compounds
G o} It will havee @ high mekimg point [T mank]
bemwzs a lot of encrgy s needad o break the
strong araction betwsen the iansfhe song
b When mefted, the ions ane free to move, so thoy
can oy an electnc chasge [T mank].
o} The compound containes magnesiom and
sulfida ions. Magnesiom &= in Group 2 so formes
24 sons [T mark], and sulhsr i & Group B so
foemes 2 jons ['f mank]. The dhanges balanor:
with one of each ion, so the empinical formls
= MgS [1 mark].

p-118 — Cowalent Bonding
<]
(@

= :-;n-
{E ®:@

ﬂmr*hrashmdplr!ddum:.
1 mark for of o i
ouwrfer sholl of each stoum (with oor witheart

p-11& — Simple Molecular Substances

01 The intesmalecudar forces between molecules.
of O, are weak and don't need much energy o

az H,rmlﬂnhﬂ.m'tdnpdﬂ'hemm“rmy
free elecinons or ions {1 mark].




p.117T— Polymess and Giant Covabent
Btructures
@ (CHCO [T mark]
02 Tomeah diamand you beve o beak the covalisnd
bondis bedraressn axboemes which aee weny siong

[T mark] bt to med polyiethene) you only heve
o break the weaker intermolecular foroes which

needs loss anergy [1 mark]. So damond has o
higher melting point [T k]

p.118 — Allotropes of Carbon

G Ary thron frome eg. librcants [ catalysts [ drug
dsivery [ io strongthon matenaks [1 mark for
aach, up fv a maximm of 3

p-118 — Metallic Bonding

01 Copperis a good sledrical conductor [T mank]

delocalised slecions

as it contains which are
albds i canmy an elecncal charge theowgh the

G2  Puom oopperwould be boo soft o use for a door
hinga, bet alloys are harder than pure metals, so
arn suitable [T mank].

p.130 — States of Matter
@1  The gasoous stabe [T mvark].
p-131 — Changing State

b iquid {1 mark]

<} liquid [7 mark]

o s [ mark]

p.183 — Relative Formula Mass
Qla} A ofH=1and A of O =16
M cEHO = (2 1)+ 16 = 18 [T monk]
bj A ofli=7, & of 0= 16 and A of H=1
s.uuduml T+ 16 & 1 =24 [ mark]
e A ofH=1, A of 5= 3 and A of O = 16
M cEHS0, = (2x 1)+ 32 + (42 16) =00
[¥ mark]
Q2 AofK=39 4 ci0=16and A ofH=1
of KOH = 38+ 16 + 1 = 56 [T mark]
S x 100= 0% [ mark]

p.124 — The Mole

@1 M ofHD =16+ (2 = 1) = 18 [T mak]
number of moles = mass + M
number of moles = 80 g + 18 = & molos
{f mark]

02 M of KBr = 38 + 80 = 198 [T mark]
mass = number of moles = M
mass = 020 = 1189 = 34 g [1 mark]

p.135 — Conservation of Mass

G Tobsd mass on the loft hand side
= M{H,S0.) + 2 = MiNaDH}
M ofHS0, = [F= 1)+ 32 + [4 = 16) =98
2-!{:me=?-£23-15-1:=9]
o total mass on the lof hand side
=98+ A0 =178
[2 marks for 178, 1 mark for aithar 98 or 80
Totad mass an right hand side
= M{Na, S} + 2 = M,H,0)
M of M 50, = (2 = 23) + 32 + (4 x 16} = 142
=M ofHO=2=|2=1)+ 18] =
142 + 36 = 178
{2 maris for 178, 1 mark for aithor 142 or 36]
The: batal M, on the laft hand side & squal o
the total M ‘on the sight-hand sida, 5o mass is

[ markf

p.138 — The Mole and Equations
m-}ur-.g = 3.0 mod {1 mark]
I#%:ﬂﬂnlﬁmtkj’
m:%:sﬂﬁﬁmﬁ
b)) Divide: by the sraliest number of moles (3.00:
N30 -1 w3 mBl-g0
[f mark]
The balanced symibol squation i
M, + 3H, — 2N, [ k]

p. 12T — Limiting Reactanis

@1 MKB) = 19, M{KCH = T4.5 [T mank]
Mo, of mokes of KBr = 238 + 198 = 0500 mal

From the reaction equation, 2 moles of Kir
react b0 form 2 mokes of KCL. So 0200 moles of

FEBr pancts to form 0300 moles of KC [T mark].
Mass KCI = T4.6 = 0200 = $4.8 g [T mark]

p.138 — Concentrations of Solotions

@1 voluma = 15« H000 = QUG dm” [T
=08 = M5

p. 130 — Strong Acids and Weak Acids
G Any one of, e.g. sl acid § nitnic aod /
G2 ChamgoinpH=3-6=-3
Chamge in concentrtion of H = 103 = #8
= 000

Ba, the conpentration of H- is 1000 Sres greater
at pH = 3 tham at pH = & [T mank].
p.131 — Resctions of Acids
1 calcium corbonate + hydrodhoric aoid —
calcium chionde + carbon diokade + waber
[ mark for calcivm chiorida, 1 mark for
carbon dicwide ard
Ca0, + 2HCI —» Cald +CO_+HO
{1 mark for the comactly balarcod equation]
p.132 — The Reactivity Series

01 PMa +FHO, o+ INalH_ +H
{1 mark for cormect reactants and products,
1 mark for balancimg. T mark for state
symbals]

p.133 — Beparating Metals From Metal
Crxides
@1 b0+ C o 2Pb s OO,
ﬂmru-mnwmn.imm-

o2 Ih'bm'luhnrmuﬁniu‘l:dﬂ.lnu‘bd
thamivre will nol reduos calciim odds | Caloium
= more reactve thean carbon, so calicium oodde
won't b reduced by carbon [T mack]

p.134 — Redox Heactions

anjIrIW"'Fﬂ"“—JZrI"”

h: i being owidised [T mark].
I_‘_Bhﬂ'lgmdwﬂlﬁmldj'

p.138 — Electrolysia

@1 a) chicrine gas/CL [1 mark]

b)) cadoium mboms/Ca [T mark]

p.138 — Elecirolysis of Agueous Solotions

1 a) bromins gasr, [ k]

b) copper atoms'Cu [1 mark]

p.138 — Exothermic and Endothermic
Reactions

1 exothermic [T mank]

p.139 — More Exothermic and

Endothermic Reactions

1]

O 0,

Ol + 2y

Progress of Reaction o

{1 mavrk for corract axes, 1 mark for comact
lovols of resctants and

245

p.140 — Bond Energies

04  Encrgy requinsd to beeak original bonds:
{1 =N=) + (3= H-H)
= B4 kimol + 1308 klimol = 2240 klimol
[1 mark]
Enengy refeamad by forming new honds-
{E=hl-l-l:|

= T3 kdimod [§ mark]

Dmnlunnq;d'uw
= F240 klimol — 2346 kFmol = 97 klmol
ﬂ'mij

p.142 — Rates of Reaction

Q1 The activafion ensngy for & readion & e
i amound of enengy that poarfcles nesd
toroact [T mark].

p.143 — Factors Affecting Rates of Reacton

Qi aj B [T mankj, bacause the powder has a higher
surface area io volume rafio than the: sofid sp
[T emark].
b} B [T mark], because the 4 moltdm? HO solstion
& e concentraled than the 2 molfde

p.144 — Measuring Rates of Reaction

Qi a) Add Ma GO to o finsk containing HCE Y mark]
aﬂﬂmmﬁwdhmdﬂnﬂu
reguiar intenvals [T mank] using a mass balance
1 mark]. | Add Na, GO fo a Bask containing
HC1 [1 mark] and take roguiar readings of
he volume of gars refessed [ mrack] usng @
gas syringe [T mank]. Maximom of 3 manks
availabla

b} Eg. mﬂ::-ﬂmij
p.145 — Two Rates Experiments
ai Eg unl-umnfl-lﬂi nddudﬂ“ﬂ s of
p.148 — Finding Reaction Rates from
Graphs
Gia) Eqg.

-
T e ——— e w—
|
|

405 4

F Hy damt
(<]

Wakime 5
T
o

O 0 2 D 4D 20 BOD
Tamae (]
1 mark for correctly marking oo sl § podmts,
1 mark for choosing a sensible scale for the
axes, 1 mark For drawing a kne of bost Fit]
b} Eg.

g 2 8

b
o

Weheme & 5 (el

nmmm-wuzh,fm
g a changa in y from
hhwfmfwml&m
a changa iv x from the tangarst and T mark
for a rete botwoon 0.5 cméls and 3.7 cmii's]

Answers
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p-147 — Reversible Reactions
H  Asysiem & of equlium when both the: fomand
and reversa reactions ars happening af the
p.148 — Le Chatelier’s Principle
Qi a) More OO, woukd be produced [1 mark].
b Less NH_ and HCL | would be produced
[T k.
o] More CO_ would be prodisced [7 oeark].

p.180 — Hydrocarbona
o E-é-l + 360, 00+
H o+ 70, 2 400"+ 6H]
ﬂmi.ﬁnrmnsrrmm.lndm
1 mark for comrectly balsncing]
Q2a) C_H,;& mone visoous than CH,, [T avank].
b] ©_H,, has a higher boing point than CH_
[ mark}

) ©_H_iz s Hamenable thaan . [¥ mark].

p-151 — Fractional Distillation

@1 The diagram shows that hydrocarbons in
petrod have a shorer chaim length than the
hydrocarbons in diesel, so petrol has 2 lower
boiling point than diesed [T mark].

Q2 it hot of the botiom and cooler ol the: top
[1 mark].

p. 1528 — Uses and Cracking of Crode Oil

B CH, - CH, + CH, [T mark]

p. 153 — Purity and Formulations

@1 a) The sample melts over a range of fempemiures
[T meank]_ Tha melting point is lower than that of
pune aespirin [T ek

b} Any ramge or singhe voh e within the range:
143200 *C [1 mark]
p-154 — Paper Chromatography
o R= ﬁ:ﬂ.?ﬁ{!’muﬂ.
p.185 — Tasts for Gaszes
1  cwbon dinwide [T mark]

p.157 — The Evoluticn of the Atmosphere

01  Sedimentary rocks are formed when organic
mmsther susch @ plant deposits or the shells and
mmdmmﬂhh

Dor

w:ﬂ&mﬁmnﬁudm
forming rodis [T k]
p- 158 — Greenhouse Gases and Climate
Change

@1 Thesun gwves. cut shor

the: Earth, cousing the tempomturs 1o o
[T meank]_

p-1886 — Carbon Footprints
ad E.g.gummmpﬂa-rq}mhm
gases that o business can emit
ﬂdmmlﬁﬂmhrmmdm
up bo this point {1 marky. They can also imposs:
taues on oompanes aocording to the amount of
greenhouse goses: that they smit to sncourage
them io cut down on emissions. [ rmark].

p. 160 — Air Pollution

@1 E.g parficulates {soot) [T mark], unbumt fuels
[T meank] and carbon monoode: [T mank].

p-1E1 — Finite and Renewable Resources
O Adfnie nesounce, snch a5 e.g. aude of, will

timber, can be replaced within a relatively shoi
time scale |1 mark].

p-1EZ — Reuse and Recycling

01 E.g saves encrgy necded to exdrad metals from
the carth [ conserves mited supplies of motais
rom the earth | cuts down on e amount of
warste: going bo landfill [T mark for esch].

p-163 — Life Cycle Azsessments

G Choics of matenal | manofsciunng and
paxckaging | using the product | product disposal
|1 mark for aach].

p.164 — Potable Water

O  E.g the waer iz Atered wsing a wine mesh, and
warler is then sierdisod wsing chiosine /' orone |
ubrarviclet light [T mark].

p-165 — Waste Water Treatment

O Somening — sewage is soeenad b remoss any
lange bits of malenal and grit [T mack]
Sedimentation — heavier sofids snk to the
‘bottom to fonm shadge, whils the Bghter effuent
floats on the top [ mark].

p- 16T — Energy Stores and Systems

O Enecgy i fransfered mechanically [1 mank]
froemy the kimvotic cnengy stone of the wind
[ mank] to the kinetic enengy store of the
windmil [T mark].

p.168 — Kinetic and Potential Energy Stores

mﬂ

mya 20=948 =50 =88 J {1 mark]

i is transiemed o he kinotic enengy store of
thee ohisct, =0 £, = 88 J [T mank]
E:!&mv’mu’:.?Elomﬂmﬂ

= {2 = B8} + 2.0 [T mvark]
=08 ms?
v= 08 = 9.000...
= B8 m's fio 2 = 1) [T mark]
p-188 — Specific Heat Capacity

O AF = moAdso A8 = AL = {m = o) [T mark]
= 50000 + {5 = 4200} = 2.380...*C [1 mark]

So the new lemperaiuns
=6+ 23080 = T.380.
=T °C o 18} [T mark]

p. 170 — Conservation of Energy and Power
H P=E+l

f=2=60=120s [V mark]

P = 4800 + 120 1 mark] =40 W [1 mari]

and =0 has o low rate of encegy transfer from
p-1T2 — Efficiency
0 efficiency = ekl output snecgy transier
+ botal enongy iransier
=25 + mﬂmrﬂ 0.75 [ mark]
Q2 efficency = usehul power culput
+ botal poswer mput
= 900 = 1200 = 075 [1 mark]
usehd outpst emergy trnsfer
= elficiency = folal mput encogy transfer
1 mark]
=076 = T2 000 {1 mark] = 54 000 J [ ovank]

p-173 — Energy Resources and Their Uses
O a} rancwabl= 1 mark]

b)) non-renewable [1 mank]

o} non-renewmble [ menk]

d} renewable {1 mark]

p- 174 —Wind, Solar and Geothermal

01 E.g wind power can be rrsliable os sometimes
theres no wird or the furbdnes hase 1o be
stopped bocause the wind is too siong, so
thery don't provide o corestant supply of snergy
mundrzhyfmﬂ:ruwﬁwnh
thesmmal enengy stone of the ground [T ek,

p-1756 — Hydro-elecinicity, Waves and Tides

O1 E.g they disturh the seabed | they distuc the
hahiats of rarine animals [T mark]

p-176 — Bio-fuels and Non-renewsables

O fAny two frome g they're relable T thery're
comparathedy cheap to run ! they can respond
quickly o changes m derand [ marks]

02 E.g buming o ek canbson dioxide, whidh
mmghbnimﬂmf It also
prodisces suffer dindde which causes acid
rain, which is hanmiul bo irees and animals and
can hawe far-reaching affects in scosystems.
oﬂﬂl‘l:hmhmklmruhlurhumnﬂ
around the sea [T mark].

p-1TT — Trends in Energy Resource Use

01 Any bw from: g builiding new power plamis is
expermive | prople don't want to B near new
power plants | renevambles energy rescunes:
are less rofinble $an non-resceable anengy
resources | hybind cars are mone expensive than
equiont petrol cars [ marks].

p178 — Current and Crrenit Symbols
O O =Fsod= G+ I [T ovark]
= 28300 + 4 1 mark]
= 3600 5 [T meark]
{ = 3600 + 5] = B0 minubes [T mank]

Lyt

[ mark for aach correct symbod connaciod
i a simgle loop, othorwize, sward 2 marks
for correct symbols in an incomrect beopf
p.180 — Resistance and ¥ = [R
M V=MsmR=W-I[T
=230+ B0 [T meark]
= &8 £ {1 mark]
p-181 — Resistance and ¥ Characteristics
01 As the coment Sroogh the lamp incroases, the

causing its reskEtsnos o increass [T mark]. A
larger resistance means less ourent can Row
geis shaliower [T mank].

p.182 — Circuit Devices

0 a} E.g. austoenatic night lights — o light
aubomabically furms on when it gets dark
[ mark].

b} E.g. thermostats — the heating automatically
tums ondolf at & certan tomponmtune [T mark]



p.183 — Senes Circuits
o ;(F. &+ 5+ 8= 150 [1 mark]
1R =06 = 15 [T mark] = BV [1 mank]

p.184 — Parallel Circuits
1 The total curent through the cimuit deoeases
1 mark] as. there are fower paths for the coment
totake [ mark]. The tokal resistance: of the
:n&mﬂ:ﬂi}nm? IR, a
i the total Nk mears an i
in the toal resistance: [T mark]l

branchaes s the lamps]
p. 188 — Investigating Resistance
ol

p.188 — Electricity in the Home
O &) Z30Y [ mark]

b) OV [T mark]

o} OV [T mark]

p.!EJ — Power of Electrical Appliances
P=E = =E000 = 30 [1 mark]

2 E=FP=ifl mark]

=1 200 000 [T meark]
E=3T5 = (2= 6 = 60} = 2 700 000 J [T mark]
o dimngs in encogy is
2 700 000 — 1 BO0 000 = SO0 000 J [T mark]
p.188 — More on Power
G E=G= W= 10000= 200 [T mark]
=2 000 000 [T meark]
Q2 P=VeI=12 =401 mark] = £8 W [T mark]
3 B=FP=«F [1 mark] = 2300 + H0.0F [ mark]
=230 [1 rwark]

p.188 — The National Grid
@1 The national grid disributes eleciricty ot a high

p-191 — The Particle Model and Motion in
Cases

O  Dooressing the empeniure of the gus means
that the gas. particles have loss eneegy in their
kinetio enorgy stores [1 mark]. Thay colide with
tiver containers fess often [T mark] and exert a
srailier foros when they do collide, meaning that
e gas pressure is lower [T mark]

p.192 — Density of Materials

0 Gemsione’s mass = 0019 kg = 0,049 = 1000
=19 g [ mark]
ol warler pushed

o % i

ol of eureda can = 7.0 cm?

p=m+V¥
=18+ 7.0 [T mark]
=27

= 2.7 glom {ba 2 5.£) [ mark]

p.183 — Internal Energy and Changes of
State

G1  Heating the solid transfers snergy to the: kinetic
energy stomes of the particles. (increasing the
intexmal energy) [1 mark]. Yihen the paides
famve enough emengy i their knotio enengy
stores, thoy can break the bonds holding them
together [1 mark]. The sofid changes stale and

p: 194 —Specific Latent Heat

@1 E=m=L=0.256= 120000 [ mark]

= 30000 J {1 mark]

p. 195 — Developing the Model of the Atom
G a} The: cenire of an abom & a tiny, positelhy
charged nuclews |1 mark]. This is made up of
protons and newirons and is the source of most
of the atom’s mass |1 mark]. Mot of the atom
i= empty space |1 mark]. Electrons orhit the
sl at set enengy levels [ mark].
b} The radiues of an atom is around 1 = 107 m
1 mark]. The mdus of a necdews is 10 000
timees smalier tan this {1 mark].

p. 186 — Isctopes and Naclear Radiation

@ Eg. Alpha would rotbe suitable becise i
is stopped by o few om of air or a shect of
paper {1 mark]. i would not be able 1o pass
tmough: the packaging o sterlisa the cqpepment
11 mark].

p.197 — Nuclear Equajium

O Eola patiches [1 mank|

oz *iERn *&u;m
[ mark for correct layowt, T mark for corract

symbol for an alpha particle, T mark for folal
atomic and mass nwmbers being ogual o

bath sides]

p.188 — Hali-life

@1 ABer one hallfe the count-rate will be
40+ 2 = A ops [1 mark]
ABer a socond: 20 = 2 = W ops
ABer athind: 10+ 2 = b ops [ mark]
Ba the mbio s 540 = 1:8 {1 mark]

p.189%9 — Iradiation and Contamination

@1  E.g. keeping sources in lead-lined bokes [

Q2 Wradiation [T mark]

p.201 — Contact and Non-Contact Forces

@1 Confadt foros: air resistance (1 mark]
foroe:

Q2 a) Amy two from: e.g. speed [ distance / mass §
tempermtue 7 manos]

) Aary twos from: £.g. displacement £ momenham: f
force | acosleration [ velooity [Z marks]
p-3038 —Weight, Mass and Gravity
Gta) W=mg="5 = 8.8 T mark] = 49N [1 mark]
b) W=5= 16 [T mark] = BN [T mark]
p.203 — Resnltant Forces and Work Done

Q1 20om=0.2 m [T mark]
W=Fs=20=02 [ mark] = 4 . [T ovank]
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p.204 — Calculating Forces

At Draw the given foroes to scale and tip-So-tail.
The third fonce & found by joining the end of the
socord force o the start of the first foroe. E.go

Horth ZScale: 1 0 om = 010M

Third foree = 0.36 M on o bearing of 3247,
[1 vl for & correst scale drowing with
& sansibie scafe, 1 mark for 3 magnitvda
Bahwoan .25 and 0.37 N, T mank for s
Bearing betwoan 122 and 2257

p. 308 — Forces and Elasticity
@i 2 om =002 m [T mark]
F=lmsok=F+ e {1 madk]
=1 + 0.2 [T mark]
= 5l B [ mark]

p. 308 — Invesligating Springs
1 2.5om = 0UERS m [T mank]
E, = Yike® = % = 40 = {00R2EF [T mark]
=025 {1 mark]

p.207 — Digtance, Displacement, Spaad
and Velocity
Qf  s=-uvisow= s 1T mark]
= M0 = 26 [1 ovark] = 8 mis [T mark]
QA2 a) Distance traveliod = 1500 m [1 mark]
b} Mane's joumey ends at the same posiion as it
siarted, sothe displacement &= 0 m 1 mark].
p.208 — Acceleration
Qf o=0msv=Tmsa=g=
5= ¥ — o} + Fa [T ovark]
= {48 -0} = [2 = B8} [T mark]
= 2. 5m 1 mark]
p.20% — Distance-Time and Yalocity-Time

Craphs
ol Eg

8.8 mis?,

Cistanoce (m)

Tne (s}
ﬂm‘lﬁrammwﬂhlmm

o n Tirme =)
[ mark for an vpwards curved acceleration
Iina to #0ami's, 1 mark for a siraight fioa
roprasanting steady spoed, 1 mank for 2
strxight line raprosenting docolaration]
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p-210 — Terminal Velocity
G As the bal falls, immmdu

ball & zero [T mark]. The obiect cannot go any
Iaster — this is fis ferminal welooity [1 mark].

p-211 — Newton's First and Second Laws
1 F=ma= B0+ 10) = 025 {1 mark]
= 225 N [1 mark]

p.212 — Irertia and Newton's Third Law

1 Any ons frome e the grvitations] foros of the
Earth atracts the car and the foros
of ther car atiracts the Earth [T mak] § the car
exaris a normal contact foros down againsd the
ground and the normal cortact foroe from the
groumd pushes wup agamst the car [T mank] | the
oar tyres) pushes the road hackeaeds and the
roasd pusshios the: car (tywes) forwards [T mark].

p.213 — Investigating Moticn

€ Apisce of cand with a goap i the middis is
attached to the trolley, so that two bits of cord
sfick up and inbsmupt: the hghl gate beam as it
maowes [ mark]. The length of each bit of cand
& inpat inlo: the light gate softwars, and the light
gatn measuees the valooaty of each bt of card as
vedogity values to find the acoslemtion [T mark].

p-214 — Blopping Distances
1 Any one frome e.g. speed | rosd sorface |
aomdition of hyres | condition of brakes: [T mank]

p-218 — Reaction Times
GHa) v - o = 2as
w=2a BB x 062+ 0 [T mark] = 31752 mofs?
v= SIATEE = LT mis [T mark]
a=dwsfso
i = tw = a [1 mark]
=1.TB1... = 0.8 [1 mark] = 0.181_. s
=018 s flo 255 [T avwenk]
b} His resscfion fime: is langer in the

p-218 — Momentom

O p=mr=60=3 [T mark] = 180 kg mds [1 mark]

02  Belose the gun fres the bullet, the 1ot
mummﬂngﬂmhm

budlet hae been fired is zeo. Momenbom bas

p.218 — Transverse and Longitadinal
Wavas

1 7.5+ 100 = U0FE m [T mark]
wave spoed = frequency = wavedangth, so
frequency = wne spoed « wavelenigth [ ]
= 015 = 0,075 [T mark]
=2 He ['1 mark]

p-219% — Experimentz With Waves

1 E.g atach a signal gencrmior o a dipper and
o it i ripple tank Glled with water o
orenbe some wires |1 mark]. Plaoe @ soroen
unidesmesth: te rippls tank, then tum on o lamp
abowe the: ipple tink: and dim the: otfer Sghis
m the room [T mark] Measure the: distanos
betwoen shodow lines that ame: 10 worvedengths
apart on the screen beneatf the tank, ten
dividis this numisar by #0— this is squal o the
winvedength of the rpplos [T mark].

p-220 —Wave Behaviour and
Electtomagnetic Waves

G Radio warves [1 k]

02 Veible light spectnm [T mank]

p-221 — Refraction

ﬂmﬁ:mrmm
rays and tfsa rormal, T mark for =0 anglo
of mcidence of 40°, 1 mark for an angle of
refraction groater thaa 407
p-222 — Radio Waves
@ E.g hands free Blustooth™ headssts o e in
Q2  Radio waves can be produced by altemating

p-223 — EM Waves and Their Uses

G They con pass easly through the: Earth's watery
atrmosphens without being absorbed [T mark].

p-224 — More Uses of EM Waves

@1 E.g Xray photographs [1 mark]

Q2 Viible light is easy o refract o the angles that
ane nessded bo trap the Bght ray nside e optical
fibres [T meark]. Viible hight is also not sasly
abanehed or soaltensd in o fibee [ mark].

p-228 — Investigating Infrared Radiation
Gl The biack mug will initinly cool ot o faster mie
1 mark]. This is becase a black surfaoe
et o infrared mdiation than a whits
o [T mmark], so mors enongy s transieormed
sy from thes thermal coorgy store of the toa
[T mark].

p-22& — Dangers of Eleciromagnetic Waves
Od  Any bwa frome 2. UV radistion damages
mface colls | covms sunbum | cousa premabures
ageing of the siin ' cause blindness { norease
the risk of skim canoor.
{2 marks — T mark for sach comect effect]
Q2 T mEve 0T m3y =10
So the added rek of harm from a CT scan is tan

p-22T — Permaneni and Induced Magneis
- Fiedd
Q

1 mark for a comact dizgram, T mank for sn
ndication of ifha fald bedng strongost at the

imhﬂaﬂ.mmuu'mplbmﬂmdj

p-228 — Electromagnetism
1 E.g for cument out of the page-

@

|1 mark for concantric circlas gedting further
apart, T mark for arrows o Gold ffnos with
comact direction]

aza)

Hmhmmmﬂimﬂ
for field simiar to a bar magrat outsids of

hb'En.;Ipu.tlHndcd irom im the: certne of the
sodonoid [ mark].
p-228 — The Motozr Effect
1 35 om =036 m [T mank]
F=8B=j=]
for the magretic fux density, 8:
B=F« (I =1 mark]
=1LE « {50 = (L3E) [T mark]
=56 T [T mark]

p-230 — Electric Mofors
Q1 Into the poge [T k],
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Abiotic factor
Acceloration
Accurate result

Acid

Activition energy

Active frnsport

Activity (radioactive)
Adaptation

Aerobdc respiration
Ar resiszance

Alkali

Alkali mmeal

Alkane
Alkene

Allela

Alloy

Alpha decay
Alpha panicie

Alpla panticle
sCaRering experment

Alternating
clment jac)

Alvaolus

Arming acid
AITETIELET

Amplituds

Anaerobic respimtion
Angle of incidence
Angle of refraction
Anicn

Anomaltous resull
Antibxotic

Antibiotic resistance

Antibody

Antigen

A non-fiving factor of the environment.
A change in velocity in a certain amount of time.
A result that is very close to the true answer.

A substance with a pH of less than 7 that forms H* ions in water.

The minimum amount of encrgy that reactant panicles
st have when they collide in order to react.

The movement of particles against a concentration gradient (i.e. from an area of lower
concentration o an area of higher concentration) using energy transforred during respiration.

The number of nuclei of a sample that decay per second.

A feature or characteristic that helps an organism o survive in its natural environment.
Respiration taking place in the presence of oxygen.

The frictional force cawsed by air on a moving object.

Asubstance with a pH of more than 7 that forms OH- fons in solution.

An element in Group 1 of the periodic table. E.g. sodium, potassium etc.

A smursted hydrocarbon with the general formula C H, - E.g methane, ethane ete.

An unsaturated hydrocarbon that contains a carben-carbon double bond
and has the general formula C H,, . E.g ethene, propene etc.

An alternative version of a gena.

Ametal that is a mixture of two or more metals, or a mixture involving metals and non-metals.
A type of radioactive decay in which an alpha paricle is given out from a decaying nucleds.
A positively-charged particle made up of two protons and two neutrons (2 helium nuclews).

An experiment in which alpha particies were fired at gold foil to see if they were deflected.
It led o the plum pudding model being abandoned in favour of the nuclear model of the atom.

Current that is constantly changing direction.

A timy airsac in the lungs, where gas exchange occurs.
A small molecufe that is a building block of proteins.

A compaonent used to measure the current through a component.
It is always connected in series with the component.

The maximum displacement of a point on a wave from its undisturbed position.
Respiration taking place in the absence of oxygen.

The angle the incoming ray makes with the nommal at a boundary.

The angle a refracted ray makes with the normal when a wave refracts at a boundary.
A particle with a negative charge, formed when one or more electrons are gained.

A result that doesn't seem to fit with the rest of the data.

A drug used to kill or prevent the growth of bacreria.

When bacteria aren't killed by an antibiotic.

A protein produced by white blood cells in response oo the presence of an antigen.

A molecule on the surface of a cell or a pathogen.
Foreign antigens trigger white biood cells o produce antibodies.

Glossary
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AN

Artery

Asexual reproduction

.-“.LI!]'IEIEFI.‘-'I(-"I"P
AkDm

AMIC member
Avogadno constan
Ease

Behavioural
adaptation

Beta decay
Beota particle

Bias

Binomial system
Bio-fuel
Biodiversity
Bioleaching

Bricdic factor

Bond energy
Braking distanca

Calibrae

Capillary
Carbohydrase
Carbon faoprine

{ardiovascular
diseaso

Catalhyst
Cateporic data
Caricn

Cell membrane
Caall wall
Cellulose

Cemral Mervous
System (CH5)

Chemical Gond
Chiorophyil

Chioroplast

Glossary

A protein produced by white blood cells that counteracts eoxins made by invading bacteria.

A blood vessel that carries blood away from the heart.
Where organisms reproduce by mitosis to produce genstically identical offspring.
The layer of air that surrounds a planet.

A neutral particle made up of protons and neutrons in the nuclews,
with electrons surrounding the nuchews.

The number of protens in the nucieus of an atom. . It's also known as proton number.
The number of pamicles in one mole of a subswance, which is 6.02 = 107,

A substance that reacts with acids in neutralisation reactions.
A way in which an organism behaves that helps it to survive in its environment.

A type of radipactive decay in which a beta particle is given out from a decaying nucleus.
A high-speed electron emitted in beta decay.

Unfaimess in the way data is presemed, possibly because the presenter is trying
0 make a particular poing (Sometimes without knowing they're doing it

The systemn used in classification for naming organisms using a two-part Latin name.
A reniswable enerpy resource made from plant products or animal dung.

The variety of different species of organisms on Earth, or within an ecosysten.

The process by which a metal is separated from is one using bacteria.

A living factor of the environment.

The amount of energy required to break a bond
for the amount of energy released when a bond is made).

The braking distance is the distance a vehicle travels after the brakes are applied
umtil it comes to a complete stop, as a result of the braking force.

Measure something with a known quantity to see if the instrument
being used o measure that quantity gives the cormect value.

A type of blood vessel involved in the exchange of materials at tissues.
A type of digestive enzyme that catalyses the breakdown of a carbohydrate into sugars.

A measure of the amounts of greenhouse gases released by a product, a service or an event.

Disease of the heart or blood vessels.

A substance that increases the speed of a reaction, without being changed or used up.

[Data that comes in distinct categories, e.g. blood type (A+, B—, etcl), metals (copper, Zinc, etc.).

A particle with a positive charge, formed when one or more electrons are lost.

A membrane surrounding a cell, which holds it together and controls what poes in and out.

A structure surrounding some cell types, which gives swength and support.
A molecule which strengthens cell walls in plamts and aigae.

The brain and spinal cord. It's where reflexes and actions are coordinated.

The attraction of two atoms for each other, caused by the sharing or transfer of elecirons.
A green substance found in chlomoplasts which absorbs light for photosynthesis.
A seructure found in plant cells and algae. Itis the site of photosynthesis.



Chromatogram
Chromatograpby

Chromosome
Climate change
Clinical trial

Clona
Closed syswm

Coilision theony
Combasstion

Communicable
disease

Comrmaanity

Compound

Concentration

Condiction

Conservation of
energy principle

Consanvation of
IMOITLE L

Contamination
fracioactive)

ContnuoLs data

Comtraceptive

Comrol experimert

Controd wariabie

Comection

Conwversion factor

Coordination: centre

Corona ry artery

Coronary hoan
disaasa

Comelation

Covalem bond

Covalent substanc

Cracking
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The pattern of spots formed as a result of separating a mixture using chromatograplny.

An analytical method used to separate the substances in a mixture based on
how the components interact with a mobile phase and a stationary phase.

A long molecute of DMNA found in the nucleus. Each chromosome carries many genes.
A change in the Earth's climate. E.g. global warming, changing rainfall patterns etc.

A set of drug feses on human volunkeers.

An organism that is genetically identical to another organism.

A system where neither matter nor energy can enter or leave.
The net change in total enengy in a closed system is always zero.

The theory that in order for a reaction w0 occur, particles must collide with sufficient energy.

An exothermic reaction between a fuel and oxygen.
A disease that can spread between individuals.

The populations of different species living in a habitat.
A substance made up of atoms of at least two different elements, chemically joined wpather.

The amount of a substance in a certain volume of solution, given in
units of “units of amount of substance’/units of volume”.

A method of energy transfer by heating where vibrating particles transfer.
energy through a material by colliding with neighbouring panicles
and transferring energy between their kinetic energy swores.

Energy can be transferred usefully from one ensrgy store wo another,
stored or dissipated — bast it can never be created or destroyed.

In a closed system, the total momentum before an event is
the same as the total momentum after the event.

The presence of unwanted radioactive atoms on or inside an object.

Numerical data that can have any value within a range {e.g. length, volume or temperatun).
A method of preventing pregnancy, which can be hormonal or non-homonal.

An experiment that's kept under the same conditions as the rest of the
investigation, but where the independent variable isn't alterad.

A variable in an experiment that is kept the same.

A method of energy transfer by heating in liquids and gases in which
energetic particles move away from hotter regions to cooler regions.

A number which you must multiply or divide a unit by to convert it to a different unit.

An organ (e.g. the brain, spinal cord or pancreas) that processes information from receptors
and onganises a response from the effectors.

A blood vessel which supplies blood to the heart muscle.
A disease in which the coronary aneries are narmowed by the build up of faty deposits.

A relationship between two variables.
A chemical bond formed when atoms share a pair of electrons.
A substance where the atoms are held together by covalent bonds.

The process that is used o break lorg-chain hydrocarbons down into shorer,
move useful hydrocarbons. Two types of cracking are catalytic cracking and steam cracking.

CGlossary
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Crystallisation

{Currani

{ystic fibrosis
Cytoplasm

Deforestation
Delocalised electron

Density
Dependent variable
Diaberes

Diferentianion

Dhffusion

DHode
Direet curent (de)
Dizcrote data

Displacamon:

Displacernont
FEACTion

Displayed formula
Distance-time graph
Cristil lation

Distnburion

DA

Dominant-alleke

Double-blind inal
Dirap
Eanh wira

Ecosystem
Effertor

Efficacy

Efficiency

Elastic deformation
Elastir objer:

CGlossary

The formation of solid crysials as water evaporates from a solution.
For example, salt sofutions undergo crystallisation to form solid salt crystals.

The flow of electric charge. The size of the current is the rate of flow of charge.
Measured in amperes (Al

An inherited disorder of the cell membranes caused by a recessive allele.
A gellike substance in a cell where most of the chemical reactions take place.
The cutting down of forests (large areas of treas).

An electron that isn't associated with a particular atom or bond
and is free to move within a structure.

Asubstance’s mass per unit volume.

The variable in an experiment that is measured.

A condition that affects the body's ability to control its blood glucose fevel.
The process by which a coll becomes specialised for its job.

The spreading out of panicles from an area of higher concentration
to an area of lower conoentration.

A circuit component that only allows curment to flow through it in one direction.
It has a very high resistance in the other direction.

Current that always flows in the same direction.

Mumerical data that can only take a cerain value, with no in-between value
{e.g. number of peopla).

The straight-line distance and direction from an object’s starting position o s finishing positon.
A reaction where a more reactive element replaces a less reactive element in a compound.

A chemical formula that shows the atoms in a covalent compoursd
and all the bonds between them.

A graph showing how the distance travelled by an object changes over a period of time.

A way of separating out a liquid from a mibune. You heat the mixture until the
bit you want evaporates, then cool the vapour to sum it back into a ligquid.

Where organisms ane found in a particular area.
Deoxyribonucleic acid. The molecule in celis that stores genetic information.

The allele for the characteristic that's shown by an organism
if two different alleles are present for that characteristic,

A clinical wial where neither the doctors nor the patients know who has received
thie drug and who has received the placebo until all the results have been gatherad.

The frictional force cawsed by any fluid (2 fiquid or gas) on a moving object.

The green and yellow wire in an electrical cable that onby carries cument when
there’ a faule. It stops exposed metal parts of an appliance from becoming live.

The interaction of a community of living organisms with the abiotic pans of their emvironment.
Eithier a muscle or gland which responds to nervous impulses.
Whether something, e.g. a drug, works or not.

The proportion of input energy transfer which is wsefully transferred.
Also the proportion of input power which is usefully output.

An object underpoing elastic deformation will neturn to its original shape
and length onoe any forces being applied o it are removed.

An object which can be elastically defonmed.
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Anything that has been stretched or compressed, e.g. a spring,
has energy in its elastic powential energy store.

An electrical conductor which is submerged in the electrolye during electrolysis.
The process of breaking down a substance using elecricity.
A liquid or solution used in electrolysis o conduct electricity betwean the two electrodes.

A solenoid with an iron core.
A continuous spectrum of all the possible wavelengths of electromagnetic waves.

‘A subatomic particle with a relative charpe of —1.

A region of an atom that contains electrons. It5 also known as an energy level.

The number of electrons in an atom {or jon} of an element and how they are armanpged.
A force of anraction between opposite charges,

A substance that is made up only of atoms with the same number of protons.

A chemical formula showing the simplest possible whole
number ratio of aoms ina compound.

A reaction which takes in energy from the sumoundings.
A region of an atom that contains electrons. It's also known as an electron shell.

A means by which an object skores energy.
There are different types of energy store: thermal (or internal), kinetic,
gravitational potential, elastic powential, chemical, magnetic, electrostatic and nuclear.

A protein that acts as a biclogical catalyst.
A state in which all the forces acting on an object are balanced, so the resultant force is Zero.

The point at which the rates of the forward and backward reactions in a reversible reaction are
thi same, and so the amounts of reactants and products in the reaction container don’t change.

A complex cell, such as a plant or animal cell.

The changing of the inherited characteristics of a population over time.

The removal of waste products from the body.

A reaction which transfers energy to the surmoundings.

When no living individuals of a specios nemain.

An organism that’s adapeed to live in extreme conditions.

A controlled experiment where the only thing that changes is the independent variable.
A diagram that shows how a characteristic is inherited in a group of related people.
A raw material used to produce other substances through industrial processes.

The process of anaerobic respiration in yeast cells.

The fusion of male and female gametes during sexual reproduction.

The ability 0 conceive a child.

A physical method used to separate an insolube solid from a liguid.

A resource that isn't replaced at a guick enough rate to be considered replaceable.
How easy it is o ignite a substance.

The rule used to work cut the direction of the force produced by the motor effect.
Your first finger points in the direction of the magnetic field, your second finger points in
the direction of the current and your thumb points in e direction of the force (or mation).

Glossary
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A substance that can fAlow — either a liquid or a gas.

Having encugh food to feed the population.

A push or a pull on an object caused by it interacting with something.

A useful mixture with a precise purpose made by fallowing a formula.
The remains of an organism from many years ago, which is found in rock.

The fossil fuels are coal, oil and natral gas. Theyre non-renewable
enargy resources that we bum to genarate aleciriciy

The histony of life on Earth preserved as fossils.

A group of hydrocarbons that condense topether when crude oil is separated
using fractional distillation. E.g. petrol, naphtha, kerosene ste.

A process that can be used t0 separate substances in a mixtune according to their boiling points.

A diagram that shows all the forces acting on an isolated object, the direction
in which the forces are acting and their (refative) magnitudes.

The number of complete waves passing a certain point per second. Measured in hertz, Hz.
A force that opposes an object’s motion. It acts in the opposite direction to motion.
Something that goes on inside an organism’s body that helps it to survive in its environment.
Acsex cell, ez an epg cell or a sperm cell in animals.

A type of radicactive decay in which a gamma ray is given out from a decaying nucleus.

A high-frequency, shor-wavelength electromagnetic wave.

A particle detector that is used with a counter to measure count rate.

Ashort section of DNA, found on a chromosome, which comains the instuctions
needed o0 make a protein (and so controls the development of a characteristic).

A formuia that can be used t0 find the molecular formula of any member of a homologows series.
The process of cutting out a usefel gene from one organism’s genome

and inserting it in another organism’s cell{s).

A crop which has had its genes modified through genetic enginesaring.

All of the genetic material in an onganism.
What allefes you have, eg. Tt.

A renewable energy resource where energy is wansferred from the thermal enargy stones
of hot rocks underground and is used o generate electricity or to heat buildings.

A large molecule made up of a very large number of atoms held
together by covalent bonds (also known as a macromolecule).

Anorgan that hormaones are produced and secreed from.

The decrease in the amount of sunlight reaching the Earth’s surface due
to an increase in the amount of pariculates in the atmospherns.

The increase in the average emperature of the Earth.
A hormone produeced and secteted by the pancreas when blood glucose level is oo low:
A molecule that acts as a store of glucose in liver and muscle cells.

Thi slhope of a line graph. It shows how quickly the variable on
the y-axis changes with the variable on the x-axis.

Anything that has mass and is in a gravitational fieid has
enargy inits gravitational potential energy stone.
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When greenhodse gases in the atmosphere absorb long wavelength radiation and re-radiate
it-in afl directions, including back towards Earth, helping to keep the Earth warm.

A pas that can absorb long wavelength radiation.

A column in the periodic table.

A type of cell found on either side of a stoma. A pair of these cells control the stoma’s size.
The place where an onganism lives.

A red pigment found in red biood cells that camies oxygen.

An equation which shows how electrons are transferred when a substance
is reduced or oxidised. Eg. at an electrode during electrofysis.

The time it takes for the number of nueclei of a radioactive isotope in 2 sample o halve,
OR
The time it takes for the count rate (or activity) of a radioactive sample to fall w half its initial level.

Something that has the potential o cause harm (e.g. fire, electricity, stc.).
Where an arganism has two alleles for a particular gene that are different.

The regulation of conditions inside your body {and cellsj to maintain a stable
internal environment, in response to changes in both internal and external conditions.

A group of chemicals thar react in a similar way because they have the same functional group.
E.g. the alcohols or the carboxylic acids.

Where an arganism has two alleles for a particular gene that are the same.
A chemical messenger which travels in the blood to activate target cells.
A compound that is made from only hydrogen and carbon.

A possible explanation for a scientific observation.

A graph of current against potential difference for a component.

A reactant that is not used up during a reaction.

When closely refated animals or plants are bred together,

When a fuel bums but there isn’t encugh oxygen for it o bum completely. Products can
include carbon monoxide and carbon particulates. Also known as partial combustion.

The variable in an experiment that is changed.
A substance that changes colour above or below a certain pH.
A magnetic material that tums into a magnet when it is placed inside another magnetic field.

An object undergoing inelastic deformation will not retumn o its original
shape and length once the forces being applied to it are removed.

The tendency of an object to remain stationary or continue travelling at a constant velocity.
The ratio between the resultant force acting on an accelerating object and its acceleration.

A type of electromagnetic wave that is given out by all objects.
It can also be absorbed by objects which makes the object hoter.

A disorder caused by a faulwy aliele, which can be passed on to an individual's offspring.
Asubstance is insoluble if it does not dissolve in a paricular solvent.

A homone produced and secreted by the pancreas when blood glucose level is too high.

Where, ina community, each species depends on other species
fior things such as food, shelter, pollination and seed dispersal.

A foroo of attraction that exists botwoen molooulos.

The tofal energy that a systemm’s particles have in their kinetic and potential energy ssores.

Clossary
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A charged panicle formed when ong or more electrons are
lost or gained from an atom or molecule.

A strong attraction between oppositely charged ions.

A compound that contains positive and negaive ions held together ina
regular arrangement {a lattice} by electrostatic forces of attraction.

An equation that shows only the particles that react and the products they form.

A closely-packed reguiar arrangement of particles held
topether by electrostatic forces of attraction.

Radiation that has enough enerpy to knock electrons off atoms.
Expeostare to radiation.

A differont form of the same element, which has awoms with the same number of protons
{atomic number), but a different number of neutrons (and so different mass number).

I witro fertilisation. The artificial fertilisation of eges in the lab.
The standard unit of energy.

Anything thars moving has energy in its kinetic energy store.

A closely-packed regular arrangement of particles.

The idea that if the conditions of a reaction are changed when a reversible
reaction is at equilibrium, the system will try 0 counteract the change.

An assessment of the emvironmental impact of a product over the course of its life.

A resistor whose resistance is dependent on light intensiny.
The resistance decreases as light intensity increases.

The point beyond which the force applied to an elastic object is
na longer directly proportional o the extension of the object.

A factor which prevents a reaction from going any faster.

A reactant that gets completely wsed up in a reaction,
50 [imits the amount of product that's formed.

A straight line graph.

A type of digestive enzyme that catalyses the breakdown of lipids into fatty acids and ghycerol.

A single indicator that's blue in alkalis and red in acids.

The brown wire in an electrical cable that carries
an alternating potential difference from the mains.

A wave in which the oscillations are parallel to the direction of energy transfer.

A substance (usually a liquid} that can fow easily between two objects.
Lised to reduce friction between surfaces.

A large molecule made up of a very large number of atoms held topether
vy covalent bonds {also known as a giant covalent structure).

A region where magnetic materials {like iron and steet) and
current-carmying wires experience a force.

The number of magnedc field lines per unit area. s symbaol is 8 and it is measured in tesla, T

A marerial (such as iron, steel, cobalt or nickel) which can become
an induced magnet while it's inside another magnetic field.

The number of nevtrons and protons in the nucleus of an atom.

A measure of average found by adding up all the data and
dividing by the number of values there are.
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A measure of average found by selecting the middle value
from a data set arranged in ascending order.

A radioactive isotope that can be injected into or swallowed by people. Their progress around
ihe body can be followed using an external detector and can diagnose medical conditions.

A type of cell division where a cell divides twice to produce four genetically different gameses.
It oocurs in the reproductive organs.

A monthly sequence of events during which the body prepares the lining of the
urerus (womb) in case it receives a fertilised ege, and releases an epg from an ovary.
The uterus lining then breaks down if the egg has not been fertilised.

Tissue found at the growing tips of plant shoots and roots that is able to differentiate.

All the chemical reactions that happen in a cell or the body.

Rocks that ane found naturally in the Earth's crust containing
enough metal to make the metal profitable to extract.

An element that can form positive ions whan it reacts.

The attraction batwoan metal ions and delocalised electrons in a metal.

A type of electromagnetic wave that can be used for molcing and satellite commaunications.
Structunes in a cell which are the site of most of the reactions for aerobic respiration.

A type of cell division where a cell reproduces itself by splining to form two identical offspring.

A substance made from two of more elements or compounds
that aren’t chemnically bonded to each other.

In chromatography, the mobile phase is a gas or liquid whene the molecules are able to move.
A measure of average found by selecting the most frequent value from a data see.
Something used to describe or display how an object or systemn behaves in reality.

A unit of amaunt of substance — the mass of one mole of 2 substance
is equal o the value of the relative formula mass of that substance in
grams, and contains 6.02 = 100 particles of the substance.

A chemical formula showing the actual number of atoms of each element in a compound.
A particle made up of at least two atoms held together by covalent bonds.

A property of a moving object that is the product of its mass and velocity.

When a current-carrying wire in a magnetic field axperiences a force.

A nerve cell that carries electrical impulses from the CH5 to effectors.

Acstrain of antibiotic-resistant bacteria. (Meticillin-resistant Staphylococcus aureds.)

A random change in an organism’s DiNAL

The network of transformers and cables that distributes alectrical power
from power stations to Consumers.

A respurce formed without human inga.

The process by which species evolve.

A mechanism that restores a level back to optimum in a systen.

The organ system in animals that allows them to respond to changes in their environment.

A nerve cell. Meurones transmit information around the body, including to and from the CNS.
A substance with a pH of 7.

The blue wira in an electrical cable that current in an appliance
normally flows through. 1t is around 0 W

Glossary
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The reaction between acids and bases that leads o the formation
of neutral products — usually a salt and water.

A subatomic particle with a relative charge of 0.

An object will remain at rest or travelling at a constant vebocity
umnless it is acted on by a resultant fonoe.

The acceleration of an object is directly proportional to the resultant
force acting on it, and inversely proportional to its mass.

When two objects interact, they exert equal and opposite forces on each other.
A disease that cannot spread bemween individuals.

A force that can act between objects that are not rouching.
An-element that doesn’t form positive ions when it reacts with the exception of hydrogen.

An energy resource that is non-renewable cannot be made at the
same rate as it's being used, so it will nen out one day.

A line that's perpendicular iat 90°) to a surface at the point
of incidence (where 3 wave hits the surfaca).

A model of the atom that says that the atom has a small, central positively-charged
nucleus with negatively-charged electrons moving around the nuclews, and that most
of the atom is empty space. The nucleus is made up of protons and neutrons.

The centre of an atom, comaining prowns and neutrons.
Astructure found in animal and plang cells which contains the genetic material.

A condition where a person has an excessive amount of body fat,
i the point where it poses a risk o their health.

A conductor with resistance that is constant at 3 constat
wemperaiure. It has a linear |-V characteristic.

The dose of a drug that is most effective and has few side effects.
A level of something (e.g. water, ions or glucose} that enables the body to work at its best.

A proup of different tissues that work together to perfonm a certain function.
A group of organs working together to perform a particular function.
A chemical compound that contains carbon at.ms.

The movement of water molecules across a partially permeable membrane fram
a region of higher water concentration m a region of lower water concentration.

A reaction where electrons are lostor oxygen is gained by a species.

The amount of extra oxygen your body needs after exercise
0 react with the build up of lactic ackd and remove it from cells.

An analytical technigue that can be used o separate and analyse coloured substances.

A circuit in wiich every companent is connected separately
0 the positive and negative ends of the battery.

A membrane with timy hodes in it, which lets some molecules through it but not others.

A microorganism that cawses disease, eg. a bacterium, virus, protist of fungus.

The process in which other scientists check the results and
explanations of an investigation before they are published.

A row in the periodic table.
The time taken for one full cycle of a wave to be completed.
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A able of all the known elements, arranged in order of atomic member
so that elements with similar chemical properties are in groups.

A magnetic material that always has its own magnetic field around it

A structure in plant cells that comtains cell sap.

Acscale from O to 14 that is used to measune how acidic or alkaline a solution is.
The process by which white blood coells enguif foreign cells and digest them.
The characteristics you have, e.g. brown eyes.

A type of plant tissue which transpons dissoived sugars around the plant.

The process by which plants use enarpgy to convert carbon dioxide and water
into glucose and oxygen.

A change where you don't end up with a new substance — it's the same substanoe
as before, just in a different form. (A change of state is a physical change.)

The process by which a metal is extracted from soil by using plants.

A substance that is like a drug being tested, but which doesn't do anything.

The liquid component of blood, which carres blood cells and other substances around the body.
A small fragment of a cell found in the biood, which helps blood to clot at a wound.

A disproved theory of the atom as a ball of positive charge with electrons inside it

An inherited disorder, caused by a dominant allele, where a person has extra fingers or toes.

A long chain molecule that is formed by joining lots of smaller molecules (monomess) fogether.
Water that is safe for drinking.

The driving force that pushes electric charge around a circuit,
measured in wolts (V) - Also known as pd or voltage.

The rate of transferring energy (or doing work). Mormally measured in warts (W),

A solid that is formed in a solwtion during a chemical reaction.

When all the data is close to the mean.

An animal that hunts and kills other animals for food.

A statement based on a hypothesis that can be tested.

The fiorce per unit area exerted on a surface.

An animal that is hunted and killed by another animal for food.

An organism in a food chain that feeds on a producer.

An organism at the start of a food chain that makes its own food using energy from the Sun.
A substance that s formed in a chemical reaction.

Acsmall, simple cell, e.g. a bacterium.

A type of digestive enzyme that catalyses the breakdown of proteins into amino acids.

A large piological molecule made up of long chains of amino acids.

A type of pathopen. Protists are often transfierred o other organisms by a vector.

A subatomic particle with a relative charpe of +1.

A type of penetic diagram.

A substance that only contains one compound or efement throughout.

A square frame enclosing a known area. It is used o study the distribution of organisms.

Glossary
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A measure of the risk of harm o your body due to exposure to radiation.

A type of electromagnetic wave mainly used for radio and TV signals.

The random process of a radioactive substance giving out radiation from the nuclei of its awims.
A substance that spontanecusly gives out radiation from the nucked of its atoms.

A treatment of cancer that uses jonising radiation (such as gamma rays and X-rays)
o kil cancer cells.

A difference in the results of an experiment caused by unpredictable events,
e.p. human arror in measuring.

The difference between the smallest and largest values in a set of data.
Hiow fast the reactants in a reaction are changed into products.

A straight line showing the path along which a wave moves.

A substance that reacts in a chemical reaction.

A graph that shows how the energy in a reaction changes as the
reaction progresses (also known as an ensrgy level diagram).

The time taken for a person o react after an event (@, seeing a harard).

A list of elements arranged inorder of their reactivity. The most reactive
elements-are at the top and the least reactive at the botom.

A group of cells that are sensitive to a stimulus (e.g. receptor cells in the eye detect light).
An allefe whose characteristic only appears in an organism if there are two copies present.
A reaction where one substance s reduced and another is oxidised.

A reaction whene electrons are gained or oxygen is lost.

When a wave bounces hack as it meets a boundary between two materials.

A fast, aukomatic response ko a stimlus.

When a wave changes direction as it passes across the boundary
between two materials at an angle w the normal.

The average mass of the awoms of an element measured relative to
the mass of one atom of carbon-12. The relative atomic mass of an
element is the same as its mass number in the pariodic able.

All the relative atomic masses (4} of the atoms in a compound added topether.

A nerve cell that carres electrical impulses from SeNSOTY NEURCNEs t MO0 NeUnones.

A result that is repeatable and reproducible.

An energy resource that is renewable is one that is being, or can be, made at
the same rate (or faster) than it's being wsed, and so will never mn out.

The shortest repeating section of a polymer.

A resule that will come out the same if someone different does the experiment,
or a slightly different method or piece of equipment is used.

Amything ina circuit that reduces the flow of current. Measured in ohms, (1.
Thie smiallest changs a measuring instrument can detect.
The process of breaking down glucose to transfer energy, which cocurs in every cell.

A single force that can replace all the forces acting on an object to
give the same effect as the original forces acting altogether.

A reaction wherne the produects of the reaction can themselves
react o produce the original reactans.
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In chromatography, the ratio between the distaance travelled by a
dissolved substance and the distance travelled by a sohvent.

A structure ina cell, where proteins are made.

The rule wo work out the direction of the magnetic field around
a current-carrying wire. Your thumb points in the direction of the
curreqtt, and your fingers curl in the direction of the magnetic field.

The chance that a hazard will cause harm.

Something that is linked to an increased likelihood that a person will develop a certain disease.
A standard unit of measurement, recopnised by scientists all over the world.

A quantity that has magnitude bue no direction.

A word or symbol which goes before a unit to indicate a multiplying factor (eg. 1 km = 1000 m).
An organism in a food chain that eats a primary Conswimer.

When humans amificially select the plants or animals that are going to breed,
so-tht the genes for particular characteristics remain in the population.

A nerve cell that carries electrical impulses from a recepor in a sense ongan o the CNS.
A circuit in which every component is connected in a linge, end to end.

Chne of the 23rd pair of chromosomes, X or'Y.
Together they determine whether an individual is male or female.

Where two gametes combine at fertilisation wo produce a genetically different new individual.

The first significant figure of a number is the first non-zero digit.
The second, third and founth significant figures follow on immediately after it.

Acway of separating a liquid out from a mixture if there are large differences
in the boiling points of the substances.

A molecule made up of only a few atoms held together by covalent bonds.

A device that penerates electricity directly from the Sun's radiation.

A coil of wire often used in the construction of electromagnets.

A substance dissolved in a solvent to make a solution.

A mixture made up of one substance {the solute) dissolved in another (the solvent).

A Hquid in which another substance {a solute) can be dissolved.

The point the solvent has reached wp the filter paper during paper chromatography.

A group of similar organisms that can reproduce o give fertile offspring.

The amourt of enengy {in joules] needad to raise the temperature of 1 kg of 2 material by 1°C.
The amount of energy needed to change 1 kg of a substance from one state to another without
changing its temperature. (For coofing, it is the energy refeased by a change in state.)

The specific latent heat for changing besween a solid and a liquid (melting or freezing).

The specific latent heat for changing between a liquid and a gas
(evaporating, boiling or condensing).

A ring with gaps in it that swaps the electrical contacts of a device every half-wm.

A community where all the species and environmental factors are in balance,
so that the population sizes are roughly constant.

A number writen in the form A = 10= where A is a number between 1 and 100
The fiorm which a substance can take — e.g. solid, liquid or gas.

Glossary
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Seate symbol
Statins

Stationany phase

Seem el

Stent
Seirmulos

Simma
Swopping disiance

Sarong acid
Swictural adapeation

Sustainablo
developmerid

Synapse
System
Systematic emor

Tamgent
lerminal velocity

Tertiary CONSUMEr
Theory

Thermal condisctivity

Thermaf
decomposition

Thermal insulaor

Thermistor

Thinking distanoe

Three-core cable
Tissue

Toxicity

loxin

[ransect

[rznsfosmor
Translocation
[ranspiration stream

Teansverse wave

Clossary

The leter, or letters, in brackets that are placed after a substance inan equation o
show what physical state it's in. Eg. gaseous carbon dioxide is shown as Eﬂzw.

A group of medicinal drugs that are used to decrease the risk of hearr and circulatory disease.

In chromarography, the stationary phase is a solid or really
thick liquid where maolecules are unable to move.

An undifferantiated cell which has the ability to become one of many
different types of cell, or to produce mone stem cells.

A wire mesh tube that's inserted inside an artery to help keep it open.
A change in the anvironment.
Actiny hole in the surface of a leaf.

The distance covered by a vehicle in the time berween the driver spotting a hazard and the
vehicle coming to a complete stop. Its the sum of the thinking distance and the braking distance.

An acid which fully ionises in an agueous solution.
A feature of an organism’s body structure that helps it to survive in its environment.

An approach to development that takes into the acoount the neads of
present society while not damaging the lives of those in the fusure.

The connection between two neurones.

The object, or group of objects, that you'ne considering.

An error that is consistently made throughout an experiment.

A straight line that touches a curve at a particular point without crossing it

The maximum velocity a falling cbject can reach without any added driving forces,
It's the velocity at which the resistive foroes (drag) acting on the object match
the force due o gravity (weight).

An organism in a food chain that eats a secondary consumer.

A hypothesis which has been acoepted by the scientific community
because there is pood evidence o back itup.

A measure of how quickly an object wansfers energy by heating through conduction.

A reaction where one substance chemically changes ino at
least two new substances when it's hoated.

A material with a low thermal conductivity.

A resistor whose resistance is dependent on the wemperature.
The resistance decreases as temMPerAtUe increases.

The distance a vehicle travels during the drivers reaction time
{hefore the brakes have been applied).

An electrical cable containing a Iive wire, a neutral wire and an earth wire.

A group of similar cells that work together to carmy out a particular function.
How harmful something is, e.g. a drug.

A polson. Toxins are often produced by bacteria.

A line which can be used to study the distribution of organisms across an area.
A device which can change the potential difference of an ac supply.

The movement of dissolved sugars around a plant.

The movement of water from a plant’s roots, through the xylem and out of the leaves.

Awave inwhich the osciltations are perpendicular (at 80°) to the direction of energy transfer.
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Litravioler (L)
radiation

Uncenainty
biniversal indicator
Lirea

Vaccination

Valid result

Vatve

Variation

Vector {in disease)

Vector {in genetic
engineering)
Vector (physics)
Vein

Velocity

Velocity-time graph

Vims
Viscosity
Visible light
Voimmeter
Woivo
Wavelength
Weak acid
Waeight
Whita blood cell
Work done
Xy
Xylem

Fero oror
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A growth of abnomal cells.
A type of electromagnetic wave, the main source of which is sunlight.

The amount by which a given result may differ from the tue value.
A wide range indicator that changes colour depending on the pH of the solution that it's in.
A waste product produced from the breakdown of amino acids in the liver.

The injection of dead or inactive microorganisms, in onder o produce an immune response
that will help to protect vou against a particular pathogen in the future.

A result that is repeatable, reproducible and answers the original question.
A structure within the heart or a vein which prevents blood flowing in the wrong direction.
The differences that exist betwesn individuals.

An organism that transfers a disease from one animal or plant to another,
which doesn't pet the disease iself.

Something used w0 wansfer DNA imto a cell, e.g. a virus or a bacterial plasmid.

A quartity which has both magnitude (size) and a direction.

A blood vessel that carries blood to the heart.

The speed and direction of an object.

A graph showing how the velocity of an object changes over a period of time.
A tiny pathogen that can only replicate within host body cells.

How munny or gloopy a substamnce is.

The part of the electromagnetic spectrum that we can see with our eyes.

A component used o measune the potential difference across a
component. Always connected in parallel with the component.

An oscillation that transfiers enengy without transferring any mater.

The length of a full oycle of a wave, e.g. from a crest to the next crest.

An acid which partially fonises in an aqueous solution.

The force acting on an object due to gravity:

A blood cell that is pant of the immune system, defending the body against disease.

The energy wransfierred when a foroe moves an object through a distance, or by a moving charge.

A high-frequency, short-wavelength eloctromagnetic wave.
it is mainiy used in medical imaging and treatment.

A type of plant tissue which transpons water and mineral ions around the plant.
A type of systematic error caused by wsing a piece of equipment that isn't zeroed properly.

Clossary
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A

abiotic factors B4

abstinance 65

acoolorzison 208, 211, 213

accumoy

acuds 125-132

achivation encrgy 139, 142

ackive ssios 25

achive trnsport 19

activity (mdsoactnily) 198
3 BS

adrenal plands 62, 67

adrenaline: 67

acrobic rospiration. 55

anr resistance 210

alkals motals 108

alkals 129

alkancs 150-152

allkones 152

allales 72

allotropes of carbon 118

alloys 119

alpha rdsahon 196, 197, 199

alornating curromis (ac) 186

ahook 21, 30

ammecders 180, 139

amplitude 218

amylase 26-2%

amaeeobic pospimation 55

ancesiors Bl

angle of nefmcion 221

amimal celks 11

amions 112

amodes 135, 136

artificial hlood 35
artificial hearts 35
aseomal reproduction 69
aspirm 48

atomic nowhors 96, 97, 104, 196
atoms D6-9E, 103, 195

aria 31

vurape spoed 107

morapos (moms) &

Avopadm constant 124
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Bacteria 11, 43, 45, %1
balancimg squateons 9%, 126
Fall and stick models 114
bar charis &

basrrior metheds {of contra

beta radiaion 196, 197, 199

bz 2

bala 27

banomial system £1

beodrversity 91-94
mantenance of #4

bao-fucls 173, 176

beoleachmg 162

beolagical hoart vabwms 35

beatic faciors B4

it tost 19

blind studses 49

Bohr model of the atom 103

bonbimg 121, 193, 194

bomd cmcrgias 140

bekes 214

beaking distance 214

beoathing rate 30

beomch 3

beomchioles 30

buckminsiodullerons 118

Bunscn burncrs 238
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caffeime {offoct on roaction tima) 61
capilares 32

carhobydmses 27
varhon 118

carbon oycle 50

carhon dumida
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pollution 158- 160
fest for 155

calalysis 25, 143, 152
cathodas 135, 136

catiems 112
cavily wall imsulstion 171
palls

ok 15

drision 15

cemtral norvous system (CHE) 59, 60
wontre of mass 202

changes of slube 121, 193, 194

cloctric 179

tons Q6. 112, 195

of an atom W6, 195

afl aneclous 196, 197

relative charge of particles 96, 195
chommcal formulas 98, 90
chlarime 155, 164
chlaroplyl 11, 50
chlaroplasts 11, 50
cholosters] 34
chromatcgraphy 1040, 154
chromesomas 15, 68

Xand¥Y 71
cilia 46
circust symbols 179
ircusls 179- 168

picm] &5
Eazal motabolc rate 67

basos 128, 131

behavioural adapratsons BS
Banedicts reapest 79
Bonedict’s sest 20

bemign umours 38
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classificatson 81

clumabs change 92, 158

clmical nalk: 49

closod systoms 167

caal 173, 176

wollizion theory 142, 143
combushon reactions 138, 150, 160

commamancabd: dicsasas 36, 43
compenents of a force 304
comupounds 98
compressens (in waves) 2R
comcaniration gradients 17
comcentrations 128
comchemans
condensmg 89, 120, 193, 194
condoms 45, 65
comservation of emergy 170
oomzervation of mass 125
conservation of momentum 216
comlact foroms 201
= matum (rads
comtrol varmbles 4
cormnary aranics 31
commnary hoart discase 34
correlatons 9
convalont hoads 115
conver slip (slides) 13
crackang {of hydrocarhons) 152
orde cal 151, 152
crystallisation 101, 131
carrenl {edactrical) 179, 158

alternating 186

direct 186

¥ chamcienstes BRI

magnetic fiold around a

16, 224

parublol corcuits 184

semos circuats 183, 185
cysitsg Tohrosis 74
cytoplasm 11

mity) 199

D
dampers of inming, radastion
109, 226
Derwin, Charles 76
docay 90
docay {radioactne) 1546199
doocleration T8
defomstation 93
delocahzed clectrons 117-119
density 152
depondent vanshles 4, 7
detrituz fredors S0
diabetos 63
diamond 117, 115
diaphragm (tharad) 30
differemiation 14, 24
diffusion 17, 18, 20-22
digestive camymes 27
digestive system 24, 28
digitahis 48
dindes 179, 181
dircet carnents {dc) 186
displacoment 207
displacement reactions 109, 134
displayod formulas 115
dizzipated encrgy 170, 171
distance 207
distance-tme graphs 209
distillation 102, 164
distribution of coganizams 87, B8
IMA 5, 68
dosage 49
dot and crees diagrams
113, 115, 116

doublo circulatony systems 30

double-bhnd studies 49

doubloglazing 171

drag 2010

draght excluders 171

drugs 4%, 49
dovoloqment of 49

E
carth wires 186
oonaysboms B3
mamtemancs of 94
alfectors 58, 59
allicacy {of drugs} 49
alficsnucy 172
ol doformation 205
olustic ohgects: 205
alastic potental onergy stans
168,205, MG
cloctric charge 179
clocinic hoaters 238
eloctnio mators. 230
alectric shocks 186
clecinical {encrgy translors) 167
cleciricity 179-159
cloctmicity sapply and demand 189
glecrades 135, 136
alectrobyzis 135, 136, 234
cleciramagnetss spoctrum 220
aleciromagnetse wanves 220
dangers 226
wumes 2R
aleciromagnotism 28
uses 2
electran micreecopes 12
olecirome sinsctures 104, 107, 112
clectrons 96, 103, 104, 107,
L1Z2-116, F5-19T7
shell= 96, 103, 104
clements 97, 197
ambryo scroonmy, 74

o roachions
50 138-140, 147, 148
onergy 167-177

conservaton of 170
imcrnall 191, 193, 1594
emergy efficiont light bulbs 224
onorgy lovels in stoms 195
ancrgy resownces. LT3-177
noa-reneablos 173, 176
remcwablas 173176
trmspoet 173, 177
tronds i uxs 177
onerpy stores. 167, 191, 193
clastic potential 168, 205, 206
tational pobombial 167, 16K
kmctic 167, 1GE, 191, 193
thermal 167, 16%, 171, 172
anergy imnsfers 167, 203
by beating 16T, 168, 191
by wanos: 218
efficiomcy ET2
eloctncal 167, 187, 1ER
mechamical 167
rateof 170
reducmg 171
work done 167, 203
anvimnmantal vanation 75
anrymes 2528
opsdermal hsue 39
oquiliboa {fonces) 204, 212
cquibibma {roacbons) 147, 148
arroes 5

athics {in mvestigations) T35
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Bukarpoia #1

vu'ukn.l}l:ll.u 1L, 43

ourcka cams 192, 233

ovaluabioss 10

cvaporabon ®S, 101, 121, 193, 194
evobution by natural seloction 76
evobulonary troos 81

54, 138-140, 147, 148
eocpermmaental safory 25
extemsion (of ohjects) 305, 206

axtinclson 76

F
Fair st 4
[mmaly {clasmaFucation) ‘#1
[amily troos T3
[atty acuds 27
Tormentabon 55
[ertility reabhments 66
Toed limes [magnetic) 237
Feehd sirangth
graviktional 168, 302
magmotic 237-229
[aalds
graviktional 168, 302
magmetic 227-230
Tight or Mlight response 67
lilameont lamps 179, 151
Filiration 101
Floming, Alexunder 48
Fleming's kefi-hand rule 230
Muads 210
Follick-stimislmting b {Fst)
o4, 6
food chains 6
food poasonmg, 45
food tests 20
force-cxtmsion graphs 205, 206
Foruas:

comlact 201
fractiomal 171, 203, 210, 214
gravitational 167, 202
nbemchon pair 200, 212
magmetic 227-230
Mewtoa's ko 211, 212
non-comtact 20k
mwmal contact 200, 212
rosobing 204
rosulant 203, 204, 211
weight 202
formubtioms [53
fossd fucls E51. 157, 158, 1&0,
161, 173, 176, 177
Tossils 79
Fracticmal distillatzon 102, 158
[reeemnp, 121, 193, 194
[requoncy 218
af EM waves 220, 33
al mains supply 186
frction 171, 303, 210, 214
fullerenes 115
functicmal adaptations ES
Tungi 43, 44

G

gall hladdor 28

gamate fasson 70

gamcies 69, T

samma rys 196, I20
dangors 199, 226
omes ¥4

gam0s
pas exchange 21, 22
pas prossune 191
pas syminges 144, 237
matural gas 173, 176
particle moticm 191

stalos of matter 120, 121, 1991-194

Cioiger-Mullor tube 198
gone mulabicm 26
goma pools T7

somos 15, 6

gomot

dhagrms T1-74

thsorders T4

engincerng, TH

warabion 75
genctically modificd aops 78
gonomos 68
genolypes T2
gonus
goalhernal power 174
giant covalent structures 117
giant womic lattioas 114
gills 22
glands 62
glohal warming 92
glacagon 63
ghacosn

m the blood 63

glycogen 63

gonorthoea 45

gradicnts 7, 146

graphome 1R

graphsie 117, I8

gaphs 7, 142, 145, 146, 209
dastamce-time W12

mie of reaction 142, 145, 146
welocity-tume 209
gavitational Nicld grength 168, 202
gl?l";ﬂ'il:lll] fickds 168, 202
gravimtional fonce 202
grvittional potesstial ancrgy stores
167, 168
groonhomse gasos 92, 158, 159
groonhousss 53
Chroup @ 110
Group | 108
CGiroup 7 109
groups (ol the poniodic mhla) 106
guand cells 41
gullet 28

H
habalats &3
haemoglobin 33
hall equations 136
halHlife 198
halides 109, 136
halogens 10
hazards 3, 234
hezart 31
heart vabws 35
heating
affoct on bomperbure 193
cmargy tramsfors 167
heating swhstanoes 165, 238
heborarypous organisms T2
HIV 44

hydrcarhons 150-152
hydroclectnic power 173, 175
hypoithasos 1, 4

I
mmmune system 46
im witro Fertilimtion (IVE) 66
mdepondent vaniables 4, 7
mdicators 139
“mduced Mt model 25
mducoed magnets 227
martia 212
martal mass 212
miorility 66
mfrarcd cameras 223
mirared mdiabiom 223, 225
msalaton 171
msulm 63
mloracton pairs 201, 212
mlordepemdence B3
micrmolecular forcas 116, 117
I:H.I:Imﬂu'urar 191, 193, 194
i
propartion 53
square e 53
ndima lest (for stanch) 26
womic honds 113
womic compounds 14
wmic equabions 134
womsaton 196
omismg, power 196
onisimg mdiation 196-199, 226
alpha 1946, 197, 199
hoia 196, 197, 199
dmgers 199, 226
gamma 196, 197, 199
nmes 2134
wms 112-114, 195, 196
imadiatson 199
isotapes 97, 105, 196
I-¥ chamolensbos 181
IVF ik

K

kmnatic energy stores 167
kmgdom (classificaton} #1
koalas 134

L

Initsc acad 55, 56

lamallac 22

larpe micstine 28
lrees of meatien 201, 212
LIDE= B2

Le Chatclior's Princaple 148
loamves

pas axchange 22

s m 22
Lasho cube 225
e cycho ssmossments 163
Inght dependant rabbits 182
light gates 239
light microscopes 12, 13
hanat of proparsonality 205, 206
Tanating factors (of photosynthesis)

S0-52

hanating reactants 127
limcar components 181
Limnacam system B1
Lmnacus, Card &1
lipasas 27
liquids 120, 121, 191-194, 732
hirmus - 155
Teve wires 186G
Tiwer 26, 63
ok and key” mode] 25
Todt inendation. 171
lomgitudinal wanes 218
lubricants 171
hmgs 30
heeinismp, hormomo (LH]} 64, 66

M
magnot [ebds 227-230

Dold lmes 227

held strempth 227-229

Mux denmty 279

of the Barth 227
mpﬁlic-ﬂ'lm Ty 239
magnatic matorials 227
magnificalson 12
malaria 44
malignani fumoars. 18
mass 02

mortal mass 211-213

plti:hrnnﬂnl 152, 193
mass mnnbor G, 97, 196, [97
meang {avorages) 6
measlos 44
ImLSrE

233

bempth 153, 234

masx 232

pll 154

bemnperaburs 233

time 234

volmme 232, 233
mechamical (energy trnslfors) 167
mwchamical boart valves 35
mesoas T
mehmg 121, 193, 194
memstrual cycle 64
mecrilem bssug 39
merpeapls 73
eizholizm 54
metal cocides 131, 133
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malallic bonds 107, 119
molaks 107, 108, 119, 132, 133
bomding, 107, 119
exiracson 133, 135
micromotens 233
microorganisms 43
microscopes 12, 13
microamas 231
migration paitems 92
haman 58
mitochondna 11
midosis 15, 70
mizhares 100- 102
moles 124, 126, 127
momentum 216
modor effect 220, 230
M mouranes 59, 60

musclecells 14
musclo Ealigue 56

mudaticms 75

peuiral wares 166
mentmbisabion nrachoss 120, 131
meatroms 96, 97, 105, 195197
mowdommobors 202

Mendon's First Lawr 211
MNewton's Second Law 211, 213
Mewion's Third Lase 201, 212
milrogen omides 16

noble gasos 110
mon-communicable discases 36
mon-comtact forces 201
non-lincar components 181, 182
mon-malaks 107, 112
mon-ponewables 173, 176

marth poles 227

pucloar oquatioms 197

wuclear fucks 173, 176

puclear model (of the aloan} 103, 195

muclear power 176
mocloar waste 176
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oestrogon 64, 65
chmic conductors 181
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optical dessity 221
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smasis 18

manes 62, &4
orulation 64
oidation 133-135
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oocygem debt 54
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parallax 733

paralle] crcwits 184, 185
parasitos 43

partially pormeable mombemes 18
particle modal of masor 191-194
particle thoory 1240, 121
pathogoes 43

peat hops 93

pear roview |

pepsin 27, 18

Feruenlaga
change 241
cover BE
masses 123
period (wenves) 218
perioadic table 105, 106
pericds (ol the poriadic whle) 106
permanant magnels 227
Pl 13, 150, 234
phagocytoas 33, 46
phenotype vination 76
phenotypes 72
phloom calls 14
phloom tmbes 3%, 40
phoivsymthesis 50-53
rool 51, 52
phyhom (classification) #1
physical changes 193
Phytommmg 162
papoties 232
petuilary gland 62, 64, 67

plicrmids 1. 78
platcler: 33

ploural membranes 30
phugs 156

coongy lransfornad  1RE
in parallel cirouts 184
in saries circails 183
1-¥ charactenigics 181
measaning 239
matiomal grid 189
potomoters 41, 236
power 1T 172
cloctrical 187, 188
powaur ralmgs 187
procipilates. 144, 145
procision 5
proclmical iosting 49
prodator-prey cyules 86
prodators 86
prodsctions 1, 4
prossurs [m gases) 191
proy BG
prEmary consumons B
producers &6

progestorone 64, 65
prokaryotzs 11
prfeases 2T
protisks 43, 44

prodons 96, 97, 103, 105, 195-197

pubcrty 64
pubmomary artery 31
pubmemary wain 31
I"umnett squares 71, 72
punty 153
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quadmiz 57, B8
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radiation dose 226
radiation {coongy tmmsfors) 167
radio waves 222
radicactne decay 196-199
IH'I.I. 195-197, 199
beta 1946, 197, 199
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rarciactions 218

raties of reaction 142- 146
praphs 142, 145, 146
mu:sl.l"-g,mbs 144, 145

ray diagrams 221

reaction profiles 139, 143

recychng 162

red blood cells 33

redox reactans 134
reducing energy trmsfers 171
reductan 133-135

reflex arcs. 60

refmction 221
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rebstive formela mass, M, 123-127
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ropeatmg umis 117
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ribosomes 11
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ripple lanks 219
risk Factors 37
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rasc black spot 44
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slides 13
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spermicide 65
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standard form  [2
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stom oclls 16
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Sudan [T 29
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sunburn 226

suporbags B

surface arca Wo volume mtos 20
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smlamable developmest 162
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trends m electnicily use 189
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Tipe 2 diabetes 63
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umils &
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urmaum 73, 176
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wacuales B

validily 4

wahas (boart) 31, 35

vanahles 4, 7

variation 75

vectors
acdogeal 43, 45, T8
quanistes 201, 204, 307

veins 32

velocity 207-209
mmenbun. 216
terenimal 210

velocity-tima grphs 209

voma canva F |

vanirscks 31

willi 21

vinmos 43, 44

visible light 220
rofraction and reflection 224

woltage 179

wolimetors 180, 239
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wasis munagement 41

wasiod cmongy 170, 172

watter hathes 238

wabor cycle B9

wakar treatmonl |65

wanve oquation 218

wanve froml diagrams 221

warve: power 1 T5
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The Periodic Table

Group 0
Periods |1| I-.|¢
1 el He
Group 1 Group 2 1 Relati - Group 3 Group4 Group5 Group 6 Group 7 9
i 9 = aggsasn ic— 5 12 14 16 19 | 20
BIC|N]|]O]|F [Ne
Boron Carbon | Mitrogen | Oxygen | Fluorine MNeon
> 5 6 7 8 9 | 10

2 o
Atomic (proton) number =7 8 3 35 355 | 40

Al Si|[P S |CI|Ar

Aluminium| Silicon | Phosphorus|  Suffur | Chierine | Argon
13 14 15 16 17 18
51 52 55 56 59 59 63.5 65 70 73 75 79 80 84

Mn| Fe|Co | Ni [Cu|Zn | Ga|Ge|As |Se | Br | Kr

Vanadium | Chromium fManganesef  lron Cobalt Mickel Copper Zinc Galium  |Germanium| Arsenic | Selenium | Bromine K‘qrptqm
23 24 25 26 27 28 29 30 a1 32 33 34 35 36

[98] 101 103 106 | 108 112 115 119 122 128 127 131

93 96
Nb|[Mo|Tc |Ru|Rh|Pd|[Ag|Cd| In |Sn|Sb|Te| | [Xe

Nighium |Molybdenum] TechnetiomRuthenium| Rhodium | Palladium | Siver | Cadmium | Indium Tin Anlimony Telunurn lodine | Xenon
41 42 43 44 45 46 47 48 49 50 51 53 54

181 | 184 | 186 | 190 | 192 | 195 | 197 | 201 | 204 | 207 | 209 H]g] [210] | [222]

Ta|W|Re|[Os|Ir | Pt |Au|Hg| Tl | Pb | Bi

Tantalum | Tungsten | Rhenium | Csmium Iridium | Platinum Gold Mercury | Thallium Lead Bismuth F‘ulunlum Astating Radon
73 74 75 76 77 78 79 80 81 82 83 85 86

262) | [266] | [264] | 12771 | [268] | 271] [2?2] 285 | [286] | [289] | [289] [293] [294] | [294]

Db |Sg | Bh| Hs| Mt | Ds g Cn|Nh| Fl |Mc|Lv|Ts mgga

Dubnium |Seaborgium Bohrium | Hassium Bifl'lEl'l.I rrrisladli Flermvium | Moscoviem fEivermariumd Tennessine | Oganesson
105 106 107 108 "Thﬂﬂ Mr 111 112 | 113 114 115 116 117 118 I

The Lanthanldes (atomic numbers 58-71) and the Actinides (atomic numbers 90-103) are not shown in this table.




Formula Triangles

Formula Triangles 'l
Ws pretiy imporfant to learn how to puf any formula indo & friangle. There are two easy rules:

) Hiheformulais "4 = B x £" then A goes on the top and B X € poes on the bottom.
2 HWiheformulais "A = B + " then B must go on the fop
{because that's the only way il gve "B divided by something™)

— and so prety obviously 4 and £ must go on the botom,
Three Examples: |

How o use them: Cover up the thing you want fo find and write down what's left showing.
EXAMPLE:; Tuﬂ-vdmfmmiheﬂmimn,mtq:mu-d“m:gu&%lgﬂm@m-m= %._

[ Using Formulas — the Three Rules:

1) Find a formuls which contains i1 fing you want o find fogether with the oihe:
{hings which you've got values for. Corwvert that formula info a formula friangle.

3] Work oul the answer snd check that i iz sensible.
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