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Section A: Drama
Answer one question from this section. 

THOMAS MIDDLETON and WILLIAM ROWLEY: The Changeling

1 Either (a) In what ways, and with what effects, do Middleton and Rowley dramatise different 

attitudes to marriage in The Changeling?

 Or (b) Discuss the presentation of the relationship between De Flores and Beatrice in
the following extract. In your answer you should pay close attention to dramatic
methods and their effects.

Beatrice: Prithee, thou look’st as if thou wert offended.
De Flores: That were strange, lady; ’tis not possible

My service should draw such a cause from you.
Offended? Could you think so? That were much
For one of my performance, and so warm
Yet in my service.

Beatrice: ’Twere misery in me to give you cause, sir.
De Flores: I know so much, it were so, misery

In her most sharp condition.
Beatrice: ’Tis resolv’d then;

Look you, sir, here’s three thousand golden florins:
I have not meanly thought upon thy merit.

De Flores: What, salary? Now you move me.
Beatrice: How, De Flores?
De Flores: Do you place me in the rank of verminous fellows,

To destroy things for wages? Offer gold?
The life blood of man! Is anything
Valued too precious for my recompense?

Beatrice: I understand thee not.
De Flores: I could ha’ hir’d

A journeyman in murder at this rate,
And mine own conscience might have slept at ease,
And have had the work brought home.

Beatrice [aside.]: I’m in a labyrinth;
What will content him? I would fain be rid of him.
[To DE FLORES] I’ll double the sum, sir.

De Flores: You take a course
To double my vexation, that’s the good you do.

Beatrice [aside.]: Bless me! I am now in worse plight than I was;
I know not what will please him. [To DE FLORES] – For my 
 fear’s sake,
I prithee make away with all speed possible.
And if thou be’st so modest not to name
The sum that will content thee, paper blushes not;
Send thy demand in writing, it shall follow thee,
But prithee take thy flight.

De Flores: You must fly too then.
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Beatrice: I?
De Flores: I’ll not stir a foot else.
Beatrice: What’s your meaning?
De Flores: Why, are not you as guilty, in (I’m sure)

As deep as I? And we should stick together.
Come, your fears counsel you but ill, my absence
Would draw suspect upon you instantly;
There were no rescue for you.

Beatrice [aside.]: He speaks home.
De Flores: Nor is it fit we two, engag’d so jointly,

Should part and live asunder. [Tries to kiss her.]
Beatrice: How now, sir?

This shows not well.
De Flores: What makes your lip so strange?

This must not be betwixt us.
Beatrice [aside.]: The man talks wildly.
De Flores: Come, kiss me with a zeal now.
Beatrice [aside.]: Heaven, I doubt him!
De Flores: I will not stand so long to beg ’em shortly.
Beatrice: Take heed, De Flores, of forgetfulness,

’Twill soon betray us.
De Flores: Take you heed first;

Faith, y’are grown much forgetful, y’are to blame in’t.
Beatrice [aside.]: He’s bold, and I am blam’d for’t!
De Flores: I have eas’d you

Of your trouble, think on’t, I’m in pain,
And must be eas’d of you; ’tis a charity,
Justice invites your blood to understand me.

Beatrice: I dare not.
De Flores: Quickly!
Beatrice: Oh, I never shall!

Speak it yet further off that I may lose
What has been spoken, and no sound remain on’t.

(from Act 3, Scene 4)
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WILLIAM SHAKESPEARE: Measure for Measure

2 Either (a) Discuss Shakespeare’s dramatic exploration of different attitudes to religion in 
Measure for Measure.

 Or (b) Discuss Shakespeare’s presentation of the law and its officers in the following
extract. In your answer you should pay close attention to dramatic methods and
their effects.

[Enter ANGELO, ESCALUS, a JUSTICE, PROVOST, Officers, 
and other Attendants.]

Angelo: We must not make a scarecrow of the law,
Setting it up to fear the birds of prey,
And let it keep one shape till custom make it
Their perch, and not their terror.

Escalus: Ay, but yet
Let us be keen, and rather cut a little
Than fall and bruise to death. Alas! this gentleman,
Whom I would save, had a most noble father.
Let but your honour know,
Whom I believe to be most strait in virtue,
That, in the working of your own affections,
Had time coher’d with place, or place with wishing,
Or that the resolute acting of our blood
Could have attain’d th’ effect of your own purpose.
Whether you had not sometime in your life
Err’d in this point which now you censure him,
And pull’d the law upon you.

Angelo: ’Tis one thing to be tempted, Escalus,
Another thing to fall. I not deny
The jury, passing on the prisoner’s life,
May in the sworn twelve have a thief or two
Guiltier than him they try. What’s open made to justice,
That justice seizes. What knows the laws
That thieves do pass on thieves? ’Tis very pregnant,
The jewel that we find, we stoop and take ’t,
Because we see it; but what we do not see
We tread upon, and never think of it.
You may not so extenuate his offence
For I have had such faults; but rather tell me,
When I, that censure him, do so offend,
Let mine own judgment pattern out my death,
And nothing come in partial. Sir, he must die.

Escalus: Be it as your wisdom will.
Angelo: Where is the Provost?
Provost: Here, if it like your honour.
Angelo: See that Claudio

Be executed by nine to-morrow morning;
Bring him his confessor; let him be prepar’d;
For that’s the utmost of his pilgrimage.

[Exit PROVOST.]
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Escalus [Aside]: Well, heaven forgive him! and forgive us all!
Some rise by sin, and some by virtue fall;
Some run from breaks of ice, and answer none,
And some condemned for a fault alone.
[Enter ELBOW and Officers with FROTH and POMPEY.]

Elbow: Come, bring them away; if these be good people in a 
commonweal that do nothing but use their abuses in common 
houses, I know no law; bring them away.

Angelo: How now, sir! What’s your name, and what’s the matter?
Elbow: If it please your honour, I am the poor Duke’s constable, and 

my name is Elbow; I do lean upon justice, sir, and do bring in 
here before your good honour two notorious benefactors.

Angelo: Benefactors! Well – what benefactors are they? Are they not 
malefactors?

Elbow: If it please your honour, I know not well what they are; but 
precise villains they are, that I am sure of, and void of all 
profanation in the world that good Christians ought to have.

Escalus: This comes off well; here’s a wise officer.
Angelo: Go to; what quality are they of? Elbow is your name? Why dost 

thou not speak, Elbow?
Pompey: He cannot, sir; he’s out at elbow.

(from Act 2, Scene 1)
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WOLE SOYINKA: The Trials of Brother Jero and Jero’s Metamorphosis

3 Either (a) Discuss some of the ways Soyinka shapes an audience’s response to the beach 
prophets in the two plays.

 Or (b) Discuss Soyinka’s development of the role of Rebecca in the following extract. In
your answer you should pay close attention to dramatic methods and their effects.

Clerk: Sir, please let’s enter and get the business over. 

TENNESSEE WILLIAMS: Cat on a Hot Tin Roof

4 Either (a) What, in your view, does Williams’s presentation of the relationship between Brick 
and Maggie add to the meaning and effects of Cat on a Hot Tin Roof?

 Or (b) How might an audience respond as the following extract unfolds? In your answer
you should pay close attention to dramatic methods and their effects.

[BIG DADDY moves suddenly forward and grabs hold of the 
boy’s crutch like it was a weapon for which they were fighting 
for possession.]
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Section B: Poetry

Answer one question from this section. 

SIMON ARMITAGE: Sir Gawain and the Green Knight

5 Either (a) Discuss some of the ways Armitage shapes a reader’s response to the Green Knight

 Or (b)

ROBERT BROWNING: Selected Poems

6 Either (a) In what ways, and with what effects, does Browning present strong emotions in two
poems from your selection?

 Or (b) Discuss some of the ways Browning presents conflicting views in the following

extract from The Pied Piper of Hamelin.

in Sir Gawain and the Green Knight.

 Analyse the ways s scene in the following extract from Sir Gawain and the Green 

Knight.
VIII.

You should have heard the Hamelin people 
Ringing the bells till they rocked the steeple; 
Go, cried the Mayor, and get long poles!
Poke out the nests and block up the holes!
Consult with carpenters and builders,
And leave in our town not even a trace
Of the rats! – when suddenly, up the face
Of the Piper perked in the market-place,
With a, First, if you please, my thousand guilders!

IX.

A thousand guilders! The Mayor looked blue; So 
did the Corporation too.
For council dinners made rare havock
With Claret, Moselle, Vin-de-Grave, Hock;
And half the money would replenish
Their cellar’s biggest butt with Rhenish;
To pay this sum to a wandering fellow
With a gipsy coat of red and yellow!
Beside, quoth the Mayor with a knowing wink, 
Our business was done at the river’s brink;
We saw with our eyes the vermin sink,
And what’s dead can’t come to life, I think.
So, friend, we’re not the folks to shrink
From the duty of giving you something for drink, 
And a matter of money to put in your poke;
But, as for the guilders, what we spoke
Of them, as you very well know, was in joke. 
Besides, our losses have made us thrifty;
A thousand guilders! Come, take fifty!
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X.

The Piper’s face fell, and he cried,
No trifling! I can’t wait, beside!
I’ve promised to visit by dinner time
Bagdat, and accept the prime
Of the Head-Cook’s pottage, all he’s rich in, For 
having left, in the Caliph’s kitchen,
Of a nest of scorpions no survivor –
With him I proved no bargain-driver,
With you, don’t think I’ll bate a stiver!

35

40
And folks who put me in a passion
May find me pipe after another fashion.

XI.

How? cried the Mayor, d’ye think I’ll brook
Being worse treated than a Cook?
Insulted by a lazy ribald
With idle pipe and vesture piebald?
You threaten us, fellow? Do your worst,
Blow your pipe there till you burst!

XII.

Once more he stept into the street;
 And to his lips again
Laid his long pipe of smooth straight cane;
 And ere he blew three notes (such sweet
Soft notes as yet musician’s cunning
 Never gave th’enraptured air)
There was a rustling that seemed like a bustling
Of merry crowds justling at pitching and hustling,
Small feet were pattering, wooden shoes clattering,
Little hands clapping and little tongues chattering,
And, like fowls in a farm-yard when barley is scattering,
Out came the children running.
All the little boys and girls,
With rosy cheeks and flaxen curls,
And sparkling eyes and teeth like pearls,
Tripping and skipping, ran merrily after
The wonderful music with shouting and laughter.
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GILLIAN CLARKE: Selected Poems

7 Either (a) In what ways, and with what effects, does Clarke present mothers? You should refer 
to two poems in your answer.

 Or (b) Discuss Clarke’s presentation of the situation in the following poem. In your answer
you should pay careful attention to poetic methods and their effects.
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Death of a Young Woman

She died on a hot day. In a way
Nothing was different. The stretched white 
Sheet of her skin tightened no further. 
She was fragile as a yacht before, 
Floating so still on the blue day’s length, 
That one would not know when the breath 
Blew out and the sail finally slackened. 
Her eyes had looked opaquely in the 
Wrong place to find those who smiled 
From the bedside, and for a long time 
Our conversations were silent.

The difference was that in her house 
The people were broken by her loss.
He wept for her and for the hard tasks 
He had lovingly done, for the short, 
Fierce life she had lived in the white bed, 
For the burden he had put down for good. 
As we sat huddled in pubs supporting 
Him with beer and words’ warm breath, 
We felt the hollowness of his release. 
Our own ungrateful health prowled, young, 
Gauche about her death. He was polite, 
Isolated. Free. No point in going home.
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Songs of Ourselves, Volume 2

8 Either (a) Compare ways in which two poems present the natural world.

 Or (b) Discuss the writing and effects of the following poem, analysing ways in which
Louisa Lawson presents the ‘she’ in the poem.

The Hour is Come

How did she fight? She fought well.
How did she light? Ah, she fell.
Why did she fall? God, who knows all,
Only can tell.

Those she was fighting for – they
Surely would go to her? Nay!
What of her pain! Theirs is the gain.
Ever the way.

Will they not help her to rise
If there is death in her eyes?
Can you not see? She made them free.
What if she dies?

Can we not help her? Oh, no!
In her good fight it is so
That all who work never must shirk
Suff’ring and woe.

But she’ll not ever lie down –
On her head, in the dust, is a crown
Jewelled and bright, under whose light
She’ll rise alone. (Louisa Lawson)
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Section A
Answer all questions.

1 (a) Define the term fixed cost. [2]

(b) Explain one way that a business may reduce its variable costs. [3]

2 (a) Define the term product differentiation. [2]

(b) Explain one reason why product development may be important to a business. [3]

3 (a) Define the term commission. [2]

(b) Explain one type of training that a business may use. [3]

4 Analyse one responsibility to a business of an employee as a stakeholder. [5]

Section B

Answer one question only.

EITHER

5 (a) Analyse two benefits to a business of holding high levels of inventory. [8]

(b) Evaluate whether supply chain management is the most important operational activity to the
success of a manufacturer of electric cars. [12]

OR

6 (a) Analyse two reasons why a business should set SMART objectives. [8]

(b) ‘Ethics should always influence the human resource management (HRM) activities of a
mining business.’

Evaluate this view. [12]
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1 What is ‘a produced means of further production’? 

A capital 

B enterprise 

C labour 

D land 

2 A hospital management board decides to reallocate $800 000 from its $1.2m new buildings 
budget to spend on cancer care. 

What is the opportunity cost of this decision? 

A a cost of $400 000 

B a cost of $800 000 

C the cost of healthcare for cancer patients 

D the loss of some new buildings 

3 The diagram shows the change in a country’s production possibility curve from XX to YY. 

Y

X

O Y X

drink

food

What would explain this change? 

A Consumers chose to consume more food and less drink. 

B Government taxed food production and subsidised drink production. 

C Productivity rose in food production and fell in drink production. 

D There were more imports of food and more exports of drink. 

Модуль "Дополнительные вопросы экономики"
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4 A factory manufactures chairs. The manufacturing process is divided into a number of tasks. 

What is a likely disadvantage of this division of labour? 

A decrease in motivation 

B decrease in output 

C decrease in productivity 

D decrease in quality of the final product 

5 Which row correctly describes the relationship between two goods implied by the value of the 
cross elasticity of demand? 

value of the cross 
elasticity of demand description 

A –2.0 weak complements

B –0.5 weak substitutes

C +0.5 weak substitutes

D +2.0 strong complements

6 What does consumer surplus measure? 

A the excess profit earned by the producer of a good 

B the opportunity cost to the consumer of not buying a good 

C the price the marginal consumer is willing to pay for a good 

D the consumer’s gain from purchasing a good at a price below what they are willing to pay 

7 When the price of good X is $2.00, the quantity supplied is 100 000. The price elasticity of supply 
of good X is 0.8 in the short run and 1.4 in the long run. The price of good X increases to $2.20. 

What is the increase in the quantity supplied of good X between the short run and the long run? 

A 6000 B 60 000 C 114 000 D 140 000 

101



 

8 The diagram shows the European market for diesel fuel and the original equilibrium is at M. 

S1

D1
D2

G
H

J

O R T

N

M

price

quantity

Europeans want low-emission cars and therefore the demand for diesel fuel has decreased from 
D1 to D2. 

Which area represents the new producer surplus for companies supplying diesel fuel? 

A GMNH B JGM C JHN D JNR 

9 In which situation is the demand for a product said to be price elastic? 

A The quantity demanded responds to a change in price. 

B An increase in price brings about a decrease in the quantity demanded. 

C An increase in price induces consumers to spend more on the product. 

D A decrease in price brings about an increase in revenue. 
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10 Golf club membership fees in Singapore have risen as a result of restrictions on travel to cheaper 
golf courses in neighbouring countries and the closure of some local courses. The supply of golf 
club memberships is determined by the current number of courses. 

If the original equilibrium was at X, which point shows the result of these changes? 

membership

fees

$

quantity of memberships

S2 S1 S3

D1 D2

X

A

B

C

D

O

11 The diagram shows the demand and supply curves for solar energy in India. The initial 
equilibrium point is at X. 

The Indian government increases the subsidy to solar energy producers. At the same time, 
there is a rise in the price of alternative sources of energy. 

What is the new equilibrium position? 

O

price of

solar

energy

quantity of solar energy

S2

D2

S1

S3

D1

D3

XD

C

B

A
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12 A specific tax is placed on the sale of bottles of lemonade. In the diagram, S is the supply curve 
before imposition of the tax and St is the supply curve after tax. 

price

quantity
O

D

W

T

U X

S

St

Which distance represents the specific tax on each bottle? 

A UT B WT C WU D WX 

13 Demand for medical face masks exceeds supply during a disease outbreak. 

What is the most likely cause of this excess demand? 

A Some consumers do not have effective demand. 

B The demand for medical face masks is price inelastic in the short run. 

C The price of medical face masks is fixed below the equilibrium price. 

D The supply of medical face masks is inelastic in the short run. 
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14 The diagram shows the demand and supply curves for a good. 

price

O

quantity

P1

Q1 Q Q2

P

S

D

The government fixes a maximum price of OP1. 

What would happen? 

A Consumers would have to be rationed to quantity OQ1. 

B The government would have to introduce a subsidy of PP1. 

C The market equilibrium quantity OQ would be demanded and supplied. 

D The supply of quantity OQ2 would be guaranteed. 

15 Which statement correctly describes absolute advantage? 

A It is when a country has a higher opportunity cost in producing a good than another country. 

B It is when a country has a lower wage cost in producing a good than another country. 

C It is when the relative prices of exports of a country are greater than the relative prices of its 
imports. 

D It is when a country’s output of a good is greater per unit of resource than another country. 

16 The table shows the income and wealth of Yasmin. 

items $

children’s welfare benefits 1 000 

dividends from shares 1 000 

property owned 40 000 

savings in bank 1 000 

shares 2 000 

wages 10 000 

What is the value of Yasmin’s wealth? 

A $41 000 B $43 000 C $44 000 D $45 000 
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17 Which group is most likely to suffer during high inflation? 

A borrowers 

B importers 

C producers 

D fixed wage earners 

18 Which statement explains why the aggregate demand curve is downward sloping? 

A As prices fall, the demand for exports becomes more elastic. 

B As prices fall, fewer goods are imported. 

C As prices fall, the rate of interest will rise. 

D As prices fall, real wealth rises and so spending increases. 

19 The diagram shows the aggregate demand (AD) and aggregate supply (AS) for an economy. 

general

price

level

O
real output

AD

AS1

AS2

Which changes in subsidies and indirect taxes would have caused the change from AS1 to AS2? 

A higher subsidies and higher indirect taxes 

B higher subsidies and lower indirect taxes 

C lower subsidies and higher indirect taxes 

D lower subsidies and lower indirect taxes 
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20 The graph gives the percentage unemployed for all people aged 16 and over, and for young 
people aged 16–24. 

aged 16–24aged 16–24

aged 16 and overaged 16 and over

30

25

20

15

10

5

0

percentage

unemployed

2010 2012 2014 2016 2018 2020

year

aged 16–24

aged 16 and over

What is the consequence for consumer expenditure on products consumed by the 16–24 age 
group over the period 2010–2020? 

A a fall in consumer expenditure across the whole period 

B an initial fall in consumer expenditure followed by a rise 

C an initial rise in consumer expenditure followed by a fall 

D a rise in consumer expenditure across the whole period 

21 In the diagram, the intersection of AD and LRAS at point X represents the current 
macroeconomic equilibrium. 

Which point could represent the new equilibrium after the introduction of an increase in the 
retirement age? 

general

price

level

real GDP

LRAS LRAS1

AD1

AD2

AD

LRAS2

O

X

A

B

C
D
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22 The table shows data on the Japanese balance of trade in goods. 

year exchange rate 
yen / dollar 

exports 
$bn 

imports 
$bn 

2016 109 635 585

2017 111 689 645

What can be concluded from this data? 

A The demand for Japanese exports was price inelastic. 

B The Japanese current account was in surplus. 

C The majority of Japanese imports were essential goods. 

D The Marshall–Lerner condition for Japan is greater than 1. 

23 The diagram shows production possibility curves for two countries, India and Japan. 

600

500

200
0

0

rice

tea

India

Japan

Which combination of outputs would be achieved if each country specialised in the product in 
which it has a comparative advantage? 

 rice tea 

A 600   200 

B 600   500 

C 1200   200 

D 1200 1000 
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24 A country’s currency has depreciated against all the currencies of its main trading partners. 

How will the depreciation affect its terms of trade? 

A The terms of trade will improve. 

B The terms of trade will not change. 

C The terms of trade will worsen. 

D The terms of trade will worsen only if the depreciation causes inflation. 

25 A country with a floating exchange rate experiences a large surplus on the current account of its 
balance of payments. 

What is likely to decrease as a consequence? 

A the exports of capital from the country 

B the level of employment in the country 

C the prices of imports into the country 

D the value of the country’s currency 

26 Which measure is aimed directly at promoting international trade? 

A decreasing existing quotas 

B increasing interest rates 

C subsidies paid to export industries 

D wage subsidy schemes during recessions 

27 What would be classified as a supply-side policy measure? 

A a law to reduce the power of trade unions 

B a reduction in the government’s fiscal deficit 

C an open market sale of securities 

D the imposition of a tariff on imported goods 

28 What is the equivalent of a country’s national debt? 

A the accumulated borrowing of the government 

B the difference between government spending and taxation 

C the interest paid by the government on all the money it owes 

D the total money owed by all households in the country 
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29 A country experiences a fall in the value of exports and an increase in the value of imports of 
goods and services. 

What are the effects of these changes? 

aggregate 
demand 

balance of 
payments on 
goods and 
services 

A fall improve

B fall worsen

C rise improve

D rise worsen

30 A government orders its central bank to buy its domestic currency on the foreign exchange 
markets in the belief that this will improve the balance of payments. 

What does this suggest? 

A Demand for the country’s exports is price inelastic. 

B The country’s Marshall–Lerner condition is greater than 1. 

C The government has a budget deficit. 

D The overall balance of payments is in surplus. 
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Answer one question from one section only. 
Section A: European option

France, 1774–1814

1 Read the sources and then answer both parts of the question.

Source A

Yesterday the people tried to enter the Bastille. The treacherous governor, de Launay, put out a 
flag of peace. A detachment of guards, with 6 000 armed citizens, penetrated the outer courtyard. 
However, as soon as some 600 people had crossed the first drawbridge, it was raised and they 
were fired upon. Cannon fired on the town. Many were killed or wounded. The citizens rallied and 
attacked, advancing from various directions beneath a ceaseless round of fire. The fighting grew 
steadily more intense. Eventually cannon fire was directed against the second drawbridge. And 
so the Bastille fell and de Launay was captured. Blessed liberty, for the first time, has at last been 
introduced into this place of horrors. 

The citizens marched to the Hôtel de Ville surrounded by an enormous cheering crowd. The 
people, anxious for revenge, allowed neither de Launay nor the other officers to reach the place of 
their trial. They seized them and trampled them underfoot. De Launay was struck by many blows, 
his head was cut off and hoisted on the end of a pike. This glorious day must amaze our enemies, 
and finally bring us the triumph of justice and liberty. In the evening, there were celebrations. 

From an account of the storming of the Bastille, published in a Paris newspaper, July 1789.

Source B

On 14 July a large detachment with two cannons went to the Bastille to seize ammunition. A 
flag of truce was sent on before and accepted from within. The governor, Marquis de Launay, 
contrary to expectations, fired on the people, killing several. The enraged crowd rushed to the 
gates, determined to force their way through. The governor agreed to let in some of them on 
condition that they committed no violence. These terms agreed, a detachment of about 40 was 
admitted. The drawbridge was immediately raised and they were instantly massacred. This breach 
of honour excited a spirit of revenge in the crowd. The cannons were placed against the gate and 
soon made the breach which resulted in surrender.

De Launay and the principal gunner were seized and carried to the Hôtel de Ville. After a quick 
trial, they were put to death. De Launay had his head cut off, but with circumstances of barbarity 
too shocking to relate. Thus, the greatest revolution has been carried out with the loss of very few 
lives. We may consider France a free country; the king a limited monarch and the nobility reduced 
to a level with the rest of the nation.

From a report by the British Ambassador in Paris, writing to 
the British Secretary of State for Foreign Affairs, 16 July 1789.

Модуль "Сложные вопросы всемирной истории"
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Source C

It is not without worry that one sees 200 000 Parisian men in arms, 200 000 men little accustomed 
to discipline, proud of their liberty, perhaps already altered by bloodshed. May the spirit of 
moderation and peace always reign! May the people understand that to be and always remain 
free, there must be order and justice.

I do not consider without fright that there still exists quite a dangerous fury against the nobility. It 
has been suppressed a little, but who knows what will prevent it from being reborn more terrible 
than ever.

From the diary of an elected deputy of the Third Estate in the National Assembly, 16 July 1789.

Source D

A cartoon titled ‘The Awakening of the Third Estate’, published in France in July 1789.
The Bastille is in the background.

 Answer both parts of the question with reference to the sources.

(a) Read Sources A and B.

Compare and contrast these two sources as evidence about the events of 14 July 1789. [15]

(b) Read all of the sources.

‘The storming of the Bastille had widespread support.’ How far do these sources support this
view? [25]
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Section B: American option

The Gilded Age and Progressive Era, 1870s to 1920

2 Read the sources and then answer both parts of the question.

Source A

NO CONCESSIONS

NO ARBITRATION

NO IN
TERFERENCE

A cartoon about the coal strike, published in an Ohio newspaper, 1902.
‘Arbitration’ is where an independent person makes an official judgement in a dispute. 

‘Operators’ are the owners of the coal mines.

Source B

The present strike was declared by the Mine Workers’ Union on 10 May 1902. Many of our 
workmen who do not belong to, or are not willing to obey, that organisation are trying to work in 
our mines. They are content to work. Many more wish to work but are prevented by violence and 
intimidation towards them and their families. This is often accompanied by destruction of their 
property and a fear of death or bodily harm. A reign of terror has been created against those who 
wish to work. The coal companies believe that the wages paid to their men are fair and all that 
their businesses can afford. To survive, their capital has to have a reasonable return. Profits have 
been small and several companies have become bankrupt recently. We are prepared to accept 
arbitration, but the Mine Workers’ Union is not.

Statement by the operators of the coal mines, May 1902.
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Source C

The miners’ leaders have destroyed any opportunity for arbitration and this means there will be 
no peace in the coal mines. President Roosevelt has attempted to intervene. We accept his right 
to create a commission to try and end the dispute, but not one which could dictate the terms 
of a settlement. This is not only illegal but also unconstitutional. This and his other actions, not 
specified by the Constitution, challenge the very principles upon which this country is based. He 
argues that this refusal to work by some miners creates a crisis which entitles him to act in a way 
which no president has done except in time of war. The Constitution guarantees our freedoms, 
one of which is the right of a man to work. The operators and the miners have the right to negotiate 
freely without interference from anyone. That is what our forefathers fought for.

From a magazine article titled ‘The Operators’ side of the Great Strike’, September 1902.  

Source D

Very much the most important action I took as regards labour had nothing to do with legislation. 
It was my executive action which was technically illegal and not required by the Constitution. 
I believe that occasionally great national crises arise which call for immediate and vigorous 
presidential action. It is the duty of the president to act as he is the steward of the people. He 
is compelled to assume that he has the legal right to do whatever the real needs of the people 
demand, unless the Constitution or the laws expressly forbid him to do it. In the 1902 coal strike, 
which would have led to a national disaster in the coming winter, the big coal operators refused 
to negotiate or concede. They were determined to break the strike by force if needed. While they 
agreed to accept my Commission, they took an extreme individualistic view of their property rights, 
knowing that the miners’ suffering was great. They believed that I had no constitutional power to 
act in this matter.

From President Roosevelt’s autobiography, published in 1913.

 Answer both parts of the question with reference to the sources.

(a) Read Sources C and D.

Compare and contrast these two sources as evidence about presidential power. [15]

(b) Read all of the sources.

‘The mine operators were responsible for the difficulty in resolving the coal strike of 1902.’
How far do these sources support this view?   [25]
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Section C: International option

Empire and the emergence of world powers, 1870–1919

3 Read the sources and then answer both parts of the question.

Source A

Until ten years ago we remained masters of Africa, or the greater part of it, by the simple fact 
that we were masters of the sea. Then suddenly we found out that this had no foundation in 
international law. We were confronted with a demand from Germany to be allowed to occupy 
enormous stretches of territory. It was impossible that Britain should have the right to lock up the 
whole of Africa and say that nobody should be there except itself. So, we accepted that Germany 
as well as Britain could develop the vast untrodden fields of Africa, making them into new outlets 
for colonisation by the excessive population at home, and new fields of industry and trade.

We would risk the happy agreement between the two governments if we allowed the many causes 
of conflict and questions of territory in various parts of the continent to remain undecided.

From a speech by Lord Salisbury, the British Prime Minister, to the House of Lords 1890. 

Source B

The Pax Britannica*, always a lie, has recently become an ugly monster of hypocrisy. Along our 
Indian frontiers, in West Africa, the Sudan, Uganda and Rhodesia fighting has been constant. 
Although the great imperialist powers have kept their hands off one another, except where the 
rising empire of the United States has found its opportunity in the falling empire of Spain, the self-
restraint has been costly and fragile. The main cause of the vast armaments which are draining 
the resources of most European countries is their conflicting interests in territorial and commercial 
expansion. Thirty years ago, there existed one sensitive spot in our relations with France, or 
Germany, or Russia, now there are a dozen. Diplomatic strains are frequent between powers with 
African or Chinese interests, and the chiefly commercial nature of the national rivalry makes it 
more dangerous.  

From a book by the South African correspondent of a British newspaper during the Boer War, 
published 1902. 

*Pax Britannica was international peace supervised by Britain.

Source C

My friendship for Britain has been proved. I have referred to the speeches in which I have 
proclaimed my goodwill. But, as actions speak louder than words, let me also refer to my acts. It is 
commonly believed in Britain that Germany was hostile throughout the Boer War. German public 
opinion undoubtedly was bitterly hostile. But what of official Germany?

When the struggle was at its height, the German government was invited by the governments of 
France and Russia to join with them in calling upon Britain to end the Boer War. The moment had 
come, they said, not only to save the Boer Republics, but also to humiliate Britain. What was my 
reply? I said that, far from joining any European action, Germany would always keep distanced 
from politics that could bring it into complications with a sea power like Britain.

From an interview with Kaiser Wilhelm II, published in a British newspaper, October 1908.
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Source D

I discussed with the British ambassador at Berlin the German need for refuelling bases to serve 
the ends of commerce and open up China to international trade. I complained of the treatment 
received from the British government, which everywhere opposed German wishes. The 
ambassador agreed and expressed his astonishment at Britain’s failure to meet Germany halfway. 
When a rising nation like Germany turned directly to Britain to acquire territory with its consent, it 
was more than Britain could reasonably ask. Germany could have gone straight ahead or allied 
itself with other nations. Moreover, he added that, since Britain already owned almost all the world, 
it could certainly find a place where Germany might establish a base; should Germany not obtain 
Britain’s approval, it would probably occupy suitable places in any case. 

This talk was fruitless. Finally, the negotiations with Britain were broken off, without result, in a 
rather impolite manner.

From a conversation in the 1890s, recalled in his memoirs by Kaiser Wilhelm II, published 1922.

 Answer both parts of the question with reference to the sources.

(a) Read Sources A and D.

Compare and contrast these two sources as evidence about German ambitions for imperial
expansion. [15]

(b) Read all of the sources.

How far do the sources support the view that imperial expansion caused tensions between
the colonial powers? [25]
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1 From the study by Schachter and Singer (two factors in emotion):

(a) Identify which one of the following groups scored the highest on the Activity Index in the
Euphoria condition.

Epinephrine Ignorant (Epi Ign)

Epinephrine Informed (Epi Inf)

Epinephrine Misinformed (Epi Mis)

 Placebo 

(b) In the Anger condition, an observer recorded the participant’s response to the stooge using
several categories.

Outline how the category of ‘Ignores’ was operationalised in this study.

2 From the study by Andrade (doodling):

(a) Identify two features of the sample used in this study.

(b) Identify one strength of the sample used in this study.

3 From the study by Saavedra and Silverman (button phobia):

(a) Describe the Disgust/Fear hierarchy used in this study.

(b) Explain one weakness of the Disgust/Fear hierarchy used in this study.

4 The study by Piliavin et al. (subway Samaritans) used ‘victims’ who needed help.

(a) Describe the victims used in this study.

(b) One conclusion was that in a field setting, diffusion of responsibility did not happen.

Outline one other conclusion from this study.

5 In Experiment 1 of the study by Laney et al. (false memory), participants completed both the Food 
History Inventory and the Restaurant Questionnaire.Hi

Describe one result from the Food History Inventory and one result from the Restaurant 
Questionnaire. 

 You must use data for one of these results.

Result – Food History Inventory  .......................................................................................................

Result – Restaurant Questionnaire  ..................................................................................................

Модуль "Психология"
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6 Outline two assumptions of the cognitive approach. 

You must use an example from a core study for each assumption.

7 Suggest two real-world applications based on the study by Milgram (obedience).

Your suggestions must be ethical.

8 Two friends, Danilo and Noah, are discussing the validity of the study by Baron-Cohen et al. (eyes 
test). Danilo thinks the study has validity but Noah thinks the study does not have validity.

Explain one reason why Danilo is correct and one reason why Noah is correct, using evidence 
from this study.

Danilo (has validity)  ..........................................................................................................................

Noah (does not have validity)  ..........................................................................................................

9 From the study by Dement and Kleitman (sleep and dreams):

(a) Describe what is meant by REM sleep.

(b) Explain one similarity and one difference between the study by Dement and Kleitman (sleep
and dreams) and the study by Canli et al. (brain scans and emotions).

10 Evaluate  the study by Bandura et al. (aggression) in terms of two strengths and two weaknesses. 
At least one of your evaluation points must be about reliability.
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1 Images are being created to advertise holidays.

Some of the images are bitmap images and some are vector graphics.

(a) Complete the table by defining the image terms.

Term Definition

Drawing list

...................................................................................................................

...................................................................................................................

...................................................................................................................

Pixel

...................................................................................................................

...................................................................................................................

...................................................................................................................

Colour depth

...................................................................................................................

...................................................................................................................

...................................................................................................................

(b) The bitmap images are photographs of the holiday locations.

(i) Colour depth and image resolution are both included in the file header of a bitmap image.

Identify two other items that could be included in the file header of each photograph.
(ii) One of the photographs has a bit depth of 8 bytes and an image resolution of 1500 pixels

wide and 3000 pixels high.

Calculate the file size of the photograph in megabytes. Show your working.

Working  .............................................................................................................................

File size ........................... MB 

(c) The photographs are compressed before they are uploaded to a web server.
Customers download the photographs from this web server.

(i) Explain the reasons why compressing the photographs will benefit the customers.

(ii) An image can be compressed using run‑length encoding (RLE).

Explain the reasons why RLE may not reduce the file size of a bitmap image.
Give one example in your answer.

Модуль "Дополнительные главы курса информатики"
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2 An organisation uses a database to store data about the types of bird that people have seen.

(a) The database is managed using a Database Management System (DBMS).

(i) State what is meant by a data dictionary and give one example of an item typically found
in a data dictionary.

Definition  ...........................................................................................................................

Example  ............................................................................................................................

(ii) State what is meant by data integrity and give one example of how this is implemented
in a database.

Definition  ...........................................................................................................................

Example  ............................................................................................................................

(b) The database, Birds, stores information about the types of bird and the people who have
seen them.

Data about each bird seen is stored with its location and data about the person who saw the
bird.

Database Birds has the following tables:

BIRD_TYPE(BirdID, Name, Size)

BIRD_SEEN(SeenID, BirdID, Date, Location, PersonID)

PERSON(PersonID, FirstName, LastName, EmailAddress)

(i) Complete the table by identifying two foreign keys and the database table where each is
found.

Foreign key Database table

(ii) The database Birds has been normalised.

Draw one line from each Normal Form to the most appropriate definition.

Normal Form Definition

All fields are fully dependent on the primary key.First Normal Form (1NF)
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There are no repeating groups of attributes.

There are no partial dependencies.

Second Normal Form (2NF)

Third Normal Form (3NF)

(iii) Part of the database table BIRD_TYPE is shown:

BirdID Name Size

0123 Blackbird Medium

0035 Jay Large

0004 Raven Large

0085 Robin Small

 The database only supports these data types:

• character
• varchar
• Boolean
• integer
• real
• date
• time

 Write a Structured Query Language (SQL) script to define the table Bird_Type.

(iv) The database tables are repeated here for reference:

BIRD_TYPE(BirdID, Name, Size)

BIRD_SEEN(SeenID, BirdID, Date, Location, PersonID)

PERSON(PersonID, FirstName, LastName, EmailAddress)

Complete the SQL script to return the number of birds of each size seen by the person
with the ID of J_123.

SELECT BIRD_TYPE.Size, ............................................ (BIRD_TYPE.BirdID)

       AS NumberOfBirds

 FROM BIRD_TYPE, ............................................

 WHERE ...................................................... = "J_123"

 AND BIRD_TYPE.BirdID = ......................................................

 ............................................ BIRD_TYPE.Size;
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3 A computer has an Operating System (OS).

(a) Describe how the Operating System manages the peripheral hardware devices of the
computer.

(b) Hardware management is one key management task carried out by the Operating System.

Identify two other key management tasks carried out by the Operating System.

(c) The Operating System has utility software including defragmentation software.

Explain how defragmentation can improve the performance of the computer.

(d) The computer stores data in binary form.

(i) State the difference between a kibibyte and a kilobyte.

(ii) Convert the denary number 964 into Binary Coded Decimal (BCD).

(iii) Convert the positive binary integer 11110010 into hexadecimal.

(iv) Give the smallest and largest two’s complement binary number that can be represented
using 8 bits.

(v) Add the following two binary integers using binary addition. Show your working.

1 0 1 1 0 0 0 0
+ 0 0 0 1 1 0 1 1

(vi) Show the result of a 3‑place right logical shift on the binary number:

11001100
4 A  networked closed‑circuit television (CCTV) system in a house uses sensors and cameras to 

detect the presence of a person. It then tracks the person and records a video of their movements.

Data from the CCTV cameras is transmitted to a central computer.  

(a) This computer has both Read Only Memory  (ROM) and Random Access Memory (RAM).

(i) Describe the contents of the ROM in the central computer.

(ii) The central computer has Dynamic RAM (DRAM).

Identify two advantages of using DRAM instead of Static RAM (SRAM).

(b) The central computer stores the video files on secondary storage.

Describe two  reasons why magnetic storage is more appropriate than solid state storage for
this computer.

(c) The CCTV system uses Artificial Intelligence (AI) to identify the presence of a person in the
house and to track their movements.

Describe how AI is used in this system.
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(d) The CCTV cameras are connected to a network and transfer their data wirelessly to the
central computer.

(i) Each device on the network has an IP address.

Complete the description of IP addresses.

 An IPv4 address contains ..................................... groups of digits. Each group is  

represented in ..................................... bits and the groups are separated by full stops.

 An IPv6 address contains ..................................... groups of digits. Each group is  

represented in ..................................... bits. Multiple groups that only contain zeros  

can be replaced with a ..................................... .

(ii) The network makes use of subnetting.

Describe two benefits of subnetting a network.

5 (a) Draw the logic circuit for this logic expression:

T = (NOT A OR B) XOR (C NAND D)

A

T

B

C

D

(b) Describe the function of the NAND and NOR logic gates.

6 An interrupt is generated when a key is pressed on a computer keyboard.

Explain how the computer handles this interrupt.
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1 The electron micrograph shows onion root cells prepared using a freeze-fracture technique. The 
cells were quickly frozen and then physically broken apart. Freeze fracture breaks apart cells 
along weak areas, such as membranes and the surfaces of organelles. 

×20 000

structure X

Which statement best explains the appearance of the electron micrograph? 

A The cells were broken apart at the endoplasmic reticulum; structure X is a ribosome. 

B The cells were broken apart at the nuclear envelope; structure X is a nuclear pore. 

C The cells were broken apart at the nuclear envelope; structure X is a ribosome. 

D The cells were broken apart at the tonoplast; structure X is a plasmodesma. 

2 Which cell structures can form vesicles? 

cell surface 
membrane 

endoplasmic 
reticulum Golgi body 

A    key 

B    = can form vesicles 

C    = cannot form vesicles 

D    

Модуль "Дополнительные вопросы курса биологии"

124



3 Four students were asked to match the function with the appearance of some cell structures in an 
animal cell. 

The functions were listed by number. 

1 synthesis of polypeptides 

2 synthesis of lipids 

3 packaging of hydrolytic enzymes that will remain in the cell 

The appearances were listed by letter. 

V membranes which surround an enclosed inner cavity 

W non-membrane-bound, spherical structures 

X a double membrane interspersed with pores 

Y non-membrane-bound, cylindrical structures 

Z membrane-bound sacs, arranged as a flattened stack 

Which student correctly matched the numbered function with the appearance of the cell 
structure? 

 1 2 3 

A W V Z

B W Z Y

C Z W Z

D Z V W

4 Which cells contain a tonoplast? 

 root hair companion sieve tube 
element endodermis

A  key 

B = contain tonoplast 

C = do not contain tonoplast 

D 

5 Which organelles found in animal or plant cells are surrounded by double membranes? 

A chloroplasts, mitochondria, vacuoles 

B chloroplasts, mitochondria, nuclei 

C chloroplasts, nuclei, vacuoles 

D mitochondria, nuclei, vacuoles 
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6 Some scientists think that mitochondria evolved from bacteria that entered the cytoplasm of a 
different cell and were able to survive there. 

Which structural features of mitochondria support this hypothesis? 

folded internal 
membrane circular DNA 70S ribosomes 

A key

B = supports 

C = does not support 

D 

7 What is present in all viruses, all prokaryotes and all eukaryotes? 

A ribose 

B deoxyribose 

C cytosine 

D thymine 

8 The table shows some steps that can be made in carrying out the Benedict’s test. 

Which combination of steps is required to carry out a semi-quantitative test on a reducing sugar 
solution? 

standardise volume 
of Benedict’s 

solution and volume 
of test solution 

boil with 
hydrochloric acid 

and then neutralise 
with alkali 

standardise boiling 
time with Benedict’s 

solution and 
compare final colour 

with numbered 
colour standards 

A key

B = step made 

C = step not made 

D 
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9 The diagrams show three examples of different bonds. 

C

O

N

H

NH O C CH2 S CH2S

bond 1 bond 2 bond 3

Which bonds hold the secondary structure of proteins together? 

A 1, 2 and 3 B 1 and 3 only C 1 only D 2 and 3 only 

10 Insulin is a globular protein involved in cell signalling. It is transported in the blood plasma from 
the cells that synthesise it to its target cells. A molecule of insulin contains six sulfur-containing 
amino acids and has two polypeptide chains. 

Which statements about insulin are correct? 

1 An insulin molecule has a quaternary structure. 

2 Insulin polypeptides are held together by six disulfide bonds. 

3 Amino acids with hydrophobic R groups would be found in the centre of an insulin 
molecule. 

A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 2 and 3 only 

11 Which statement correctly explains why blood plasma can be maintained at a stable 
temperature? 

A It has a low specific heat capacity. 

B It has a high specific heat capacity. 

C It has a low latent heat of vaporisation. 

D It has a high latent heat of vaporisation. 
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12 Which region on the graph shows the activation energy of an enzyme-catalysed reaction? 

energy of

molecules

in a reaction

time

D

C
A

B

with enzyme

without

enzyme

13 The graph shows the effect of an increasing substrate concentration on the rate of an 
enzyme-catalysed reaction. 

rate of

reaction

substrate concentration

maximum rate of reaction

P
Q

Line P represents the result when the enzyme is used at its optimum pH and optimum 
temperature and without an inhibitor. 

Line Q represents the result when the reaction conditions are changed. 

Which descriptions of changes to the reaction conditions could result in line Q if all other 
conditions were kept the same? 

1 Add an inhibitor that attaches to a site other than the active site. 

2 Add an inhibitor that has a similar shape to the substrate. 

3 Add an inhibitor that blocks the active site of the enzyme. 

4 Carry out the reaction at a higher temperature. 

A 1, 3 and 4 B 1 and 4 only C 2, 3 and 4 D 2 and 3 only 
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14 Which statement about cell signalling is correct? 

A One type of receptor molecule will recognise all ligands in the body. 

B The binding of a ligand may cause a change to the shape of the receptor. 

C The receptors for ligands are always found on the inside of cells. 

D The same ligand is made by all of the cells in the body. 

15 Four students, A, B, C and D, observed plant epidermal cells that had been placed in a 
concentrated sucrose solution for 30 minutes. They were asked to identify the partially permeable 
layer and to explain the appearance of the cells in terms of water potential and movement of 
water. 

Which student is correct? 

partially  
permeable layer 

water potential 
at start of experiment 

movement of water 
during experiment 

A cell surface 
membrane 

cell contents have a lower 
water potential than the 

sucrose solution 

water moved out of the cell 
and no water moved in 

B cell surface 
membrane 

cell contents have a higher 
water potential than the 

sucrose solution 

more water moved out 
of the cell than moved in 

C cell wall cell contents have a lower 
water potential than the 

sucrose solution 

more water moved out 
of the cell than moved in 

D cell wall cell contents have a higher 
water potential than the 

sucrose solution 

water moved out of the cell 
and no water moved in 
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16 The table compares the surface area to volume ratios of five agar blocks that differ in dimensions 
but which all have the same volume. 

The agar blocks can be used to measure the efficiency of diffusion, where efficiency is measured 
as the time taken for a dye to reach all parts of the block. 

length 
/ mm 

width  
/ mm 

height 
/ mm 

surface 
area / mm2 

volume 
/ mm3 

surface area :
volume ratio 

1 8 8 8 384 512 0.75

2 16 16 2 640 512 1.3 

3 32 4 4 544 512 1.1 

4 32 32 0.5 2112 512 4.1 

5 64 4 2 784 512 1.5 

Which prediction can be made about the way in which size and dimensions of these blocks affect 
the efficiency of diffusion? 

A The efficiency of diffusion will decrease as the width of a block increases. 

B The efficiency of diffusion will increase as the height of a block increases. 

C The efficiency of diffusion will increase as a block of fixed volume is flattened. 

D The efficiency of diffusion will decrease as a block of fixed volume is elongated. 

17 The cell cycle includes mitosis. 

What are features of this type of nuclear division? 

1 forms cells of equal size to the parent cell 

2 forms genetically identical nuclei 

3 semi-conservative replication of DNA 

A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 2 only 
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18 A student observed the cells in the growing region (meristem) of an onion root and obtained the 
data shown. 

stage number  
of cells 

interphase 886 

prophase 73

metaphase 16 

anaphase 14

telophase 11

Which percentage of cells contains chromosomes that appear as two chromatids? 

A 7.3% B 8.9% C 95.9% D 97.5% 

19 Which statement about messenger RNA is correct? 

A In eukaryotic cells, mRNA is made by removing exons from the primary RNA transcript. 

B mRNA is a single-stranded polynucleotide containing a different purine base than DNA. 

C mRNA molecules contain ribose sugars joined to phosphate groups by phosphodiester 
bonds. 

D The monomers of mRNA contain a phosphate group, deoxyribose sugar and a nitrogenous 
base. 

20 Which structures are involved in transcription only? 

DNA template 
strand anticodons RNA 

polymerase 

A    key 

B    = involved 

C    = not involved 

D    

21 One gene provides the code for the production of which type of molecule? 

A amino acid 

B DNA 

C nucleotide 

D polypeptide 
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22 The table shows some mRNA codons that code for certain amino acids. 

mRNA codon amino acid 

GCG, GCA, GCC, GCU alanine 

ACG, ACA, ACC, ACU threonine 

UGC, UGU cysteine 

UAC, UAU tyrosine 

CAG, CAA glutamine 

CGG, CGA, CGC, CGU arginine 

A DNA template strand has the base sequence shown. 

ACAGTATTATTTGCAACG 

What would the change in the amino acid be if the first base in the fifth DNA triplet was 
substituted for an A base? 

A alanine to cysteine  

B alanine to threonine 

C arginine to cysteine 

D arginine to threonine 

23 Which structures contain cytoplasm with mitochondria and a nucleus? 

A C

B

D

xylem vessel element

companion

cell

phloem

sieve tube

element

24 What is the correct term to describe intermolecular hydrogen bonding between water molecules? 

A adhesion 

B cohesion 

C osmosis 

D diffusion 
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25 The diagram shows the outline of a xerophytic leaf that had been left for 45 minutes in different 
conditions, P and Q. 

P Q

Y
Y

Which statements about the cells in layer Y of the leaf in each of the conditions P and Q after 
45 minutes are correct? 

1 There is a less negative water potential in P than in Q. 

2 The cells may be turgid in P and plasmolysed in Q. 

3 The cells are less turgid in P than in Q. 

4 There is no net diffusion of water into Y in either P or Q. 

A 1, 2 and 4 B 1, 3 and 4 C 1 and 3 only D 2 and 4 only 

26 How does sucrose move from chloroplasts to the phloem? 

1 diffusion 

2 apoplast pathway 

3 symplast pathway 

A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 2 and 3 only 

27 How are companion cells involved in loading sucrose into phloem sieve tube elements? 

A actively through cotransporter proteins and passively through plasmodesmata 

B actively through cotransporter proteins and plasmodesmata 

C passively through cotransporter proteins only 

D actively through plasmodesmata only 
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28 The photomicrograph shows blood cells as seen using a high-power light microscope. 

3

2

1

Which row correctly identifies the different types of white blood cell? 

 1 2 3

A lymphocyte monocyte neutrophil 

B monocyte neutrophil macrophage

C neutrophil monocyte lymphocyte

D phagocyte lymphocyte monocyte 
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29 Plan diagrams of two blood vessels are shown. 

fatty tissue

3

4

5

1 2

Which labels are correct? 

 1 2 3 4 5

A aorta vena cava elastic 
fibres 

smooth 
muscle 

epithelium 

B artery vein collagen 
fibres 

smooth 
muscle and 

elastic tissue 

endothelium 

C vein artery collagen 
fibres 

elastic 
fibres 

squamous 
cells 

D coronary 
artery 

coronary 
vein 

elastic 
fibres 

smooth 
muscle and 

elastic tissue 

epithelium 

30 What are found in blood and tissue fluid? 

1 carbon dioxide 

2 fatty acids 

3 white blood cells 

4 proteins 

A 1, 2, 3 and 4 

B 1, 2 and 3 only 

C 1, 2 and 4 only 

D 3 and 4 only 

135



31 Which reactions would be slowed down by an inhibitor of carbonic anhydrase? 

1 CO2  +  haemoglobin  →  carbaminohaemoglobin 

2 CO2  +  H2O  →  H2CO3 

3 H2CO3  →  H+  +  HCO3
– 

A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 2 and 3 only 

32 Which sequence of letters correctly identifies the order of events during the cardiac cycle? 

T atrial walls contract 

U impulse is delayed by a fraction of a second 

V wave of excitation enters the atrioventricular node 

W wave of excitation passes down the Purkyne tissue 

X wave of excitation spreads from the sinoatrial node 

Y ventricles contract 

V

A

T

W

U

Y

X

V

B

Y

U

W

T

X

X

C

Y

U

V

T

W

X

D

U

V

T

Y

W
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33 The diagram gives information about blood pressure in the left side of the heart during the cardiac 
cycle. 

0 0.20.1 0.3 0.50.4 0.6

time / s

pressure

/ kPa aorta

atrium

ventricle

key

1

2

3

4

Valves open and close at the points numbered. 

Which row identifies the valves opening or closing at the points numbered? 

atrioventricular 
valve opens 

semilunar 
valve opens 

atrioventricular 
valve closes 

semilunar 
valve closes 

A 1 3 4 2

B 2 4 3 1

C 3 1 2 4

D 4 2 1 3

34 A person with no breathing conditions rests for an hour. Their breathing in this time is shallow and 
slow, so little air from outside the body reaches the alveoli. The person’s heart rate remains 
constant. 

Which statement is correct? 

A The carbon dioxide concentration in the blood in the pulmonary vein will be higher than in the 
pulmonary artery. 

B Carbon dioxide molecules in the air of the alveoli move out of the blood by active transport. 

C The air in the alveoli has a lower concentration of oxygen than the blood in the pulmonary 
vein. 

D Oxygen molecules diffuse from the air in the alveoli into the blood at a slower rate than when 
the person is active. 
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35 Which statements about all bronchioles are correct? 

1 They have epithelium. 

2 They have goblet cells. 

3 They have muscle tissue. 

A 1, 2 and 3 B 1 and 3 only C 2 only D 3 only 

36 The diagram shows some of the pathogens that cause disease in humans and some of the ways 
they are transmitted. 

pathogen

1

bacterium

2

protoctist

3

virus

method of

transmission

X

mosquito bite

W

contaminated water

Y

coughs and

sneezes

What is the correct pathogen and method of transmission for malaria? 

A 1 and X B 2 and W C 2 and X D 3 and Y 

37 Some of the processes which result in the formation of a population of bacteria that are resistant 
to a new antibiotic are listed. 

1 change in reproductive success of bacteria 

2 increase in frequency of the resistance allele in the population 

3 increase in genetic variation within the population 

4 random mutation occurs in bacterial DNA 

What is the correct order of these processes? 

A 1 → 3 → 2 → 4 

B 2 → 1 → 3 → 4 

C 3 → 4 → 1 → 2 

D 4 → 3 → 1 → 2 
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38 When bacteria are grown in a Petri dish containing discs with antibiotics, there will be zones of 
inhibition of bacterial growth. 

antibiotic disc

zone of inhibition

area of

bacterial

growth

The chart shows the size of the zones of inhibition when a species of bacteria was incubated on 
five different plates of agar, each containing a disc with a different antibiotic. 

30

25

20

15

10

5

0

zone of

inhibition

/ mm

1 2 3

antibiotic

4 5

Which conclusions can be made about the most and least effective antibiotics on this species of 
bacteria?  

most effective 
antibiotic 

least effective 
antibiotic 

A 3 2

B 4 3

C 3 1

D 2 3
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39 Which blood cell type does not recognise, engulf and digest non-self particles? 

A macrophages 

B neutrophils 

C phagocytes 

D T-killer cells

40 Repeated infections with malaria result in more effective immunity to malaria. 

Which type of immunity is responsible for the more effective immunity? 

A artificial active 

B artificial passive 

C natural active 

D natural passive 
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1 Yeast cells contain the enzyme catalase which catalyses the breakdown of hydrogen peroxide, 
releasing oxygen. 

You will investigate the effect of pH on the activity of catalase in an extract from yeast cells. 

You will need to immobilise the yeast cells in sodium alginate beads. 

When a bead containing yeast cells is dropped into hydrogen peroxide solution the bead will sink. 
As oxygen is released the bead will rise. The more oxygen released, the faster the bead will rise. 

You are provided with the materials shown in Table 1.1.

Table 1.1

labelled contents hazard volume / cm3

Y yeast cell suspension none 15

H 3.0% hydrogen peroxide solution harmful 
irritant

30

S sodium alginate solution none 30

C calcium chloride solution none 30

B3 buffer pH 3 none 10

B4 buffer pH 4 none 10

B6 buffer pH 6 none 10

B7 buffer pH 7 none 10

B8 buffer pH 8 none 10

If any solution comes into contact with your skin, wash off immediately under cold water.

It is recommended that you wear suitable eye protection.
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Carry out step 1 to step 19.

step 1 Put 10 cm3 of C into a large test-tube.

step 2 Put 5 cm3 of S into a small beaker.

step 3 Stir Y and put 3 cm3 of Y into the beaker used in step 2. Mix well.

step 4 Use a 5 cm3 syringe to collect 2 cm3 of the mixture of S and Y (prepared in step 3).

step 5 Position the 5 cm3 syringe over the large test-tube containing C as shown in Fig. 1.1.

gently press down with
thumb to release

one drop at a time

5 cm3 syringe barrel resting on the
top of a large test-tube

2 cm3 of a mixture of
S and Y

large test-tube10 cm3 of C

Fig. 1.1

step 6  Gently press down on the plunger of the 5 cm3 syringe with your thumb to release one 
drop into solution C. The drop should form a bead.

step 7 Repeat step 6 until you have used all 2 cm3 of the mixture. 
Leave the beads in the solution C for 1 minute. 

step 8 Tip the contents of the large test-tube from step 7 into a Petri dish.

step 9 Put two beads into each of the beakers containing pH buffers B3, B4, B6, B7 and B8.

step 10 Label a small test-tube B3.

step 11 Put 3 cm3 of the pH buffer B3 into the test-tube labelled B3.

step 12  Put 3 cm3 of hydrogen peroxide solution, H, into this test-tube and shake to mix. Leave 
this test-tube in a test-tube rack.

step 13 Pick up a bead from the pH buffer B3 using blunt forceps.

step 14  Drop the bead into the test-tube from step 12. Start timing when the bead reaches the 
bottom of the test-tube.
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step 15 Time how long it takes for the bead to reach the surface of the liquid. 
 If the bead does not reach the surface after 60 seconds, stop timing and record as ‘more 
than 60’. 

step 16 Record the result from step 15 in (a)(i).

step 17 Pick up the second bead from the pH buffer B3 using blunt forceps.

step 18 Repeat step 14 to step 16. 

step 19 Repeat step 10 to step 18 with the remaining pH buffers instead of B3.

(a) (i) Record your results in an appropriate table.

(ii) State the independent variable in this investigation.

(iii) State one significant source of error in this investigation.

You will need to estimate the pH of the solution, U. 

You are provided with U, as shown in Table 1.2.

Table 1.2

labelled contents hazard volume / cm3

U solution of unknown pH none 10

 UIf  comes into contact with your skin, wash off immediately under cold water.

It is recommended that you wear suitable eye protection.

Carry out step 20 to step 27.

step 20 Put one bead into the beaker containing solution U. 

step 21 Label a clean test-tube U.

step 22 Put 3 cm3 of solution U into the test-tube labelled in step 21.

step 23  Put 3 cm3  of hydrogen peroxide solution into this test-tube. Leave this test-tube in a 
test-tube rack.

step 24 Pick up the bead from the beaker containing solution U, using blunt forceps.

step 25  Drop the bead into the test-tube from step 23. Start timing when the bead reaches the 
bottom of the test-tube.

step 26 Time how long it takes for the bead to reach the surface of the liquid. 
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 If the bead does not reach the surface after 60 seconds, stop timing and record as ‘more 
than 60’.

step 27 Record the result from step 26 in (a)(iv).

(iv) State the result for solution U.

result for solution U  ......................................................... 

(v) Using your results from (a)(i) and (a)(iv), estimate the pH of solution U.

pH of solution U  .........................................................

(vi) In the procedure described in step 1 to step 19, the effect of pH on catalase activity was
investigated.

 Describe how you would modify this procedure to investigate the effect of concentration
of substrate on the time taken for the beads to rise.

(b) Immobilised enzymes are often used in industry. For example the enzyme lactase is used to
produce lactose-free milk.

A student measured the initial rate of reaction of human lactase at different concentrations of
lactose and plotted a graph, as shown in Fig. 1.2.

0 20 40 60 80
concentration of lactose / mmol dm–3

100 120 140

2

4

6

8

10

initial rate
of reaction

/ au

Fig. 1.2

(i) Explain the change in the initial rate of reaction between:

 20 mmol dm–3 and 40 mmol dm–3 of lactose

 60 mmol dm–3 and 140 mmol dm–3 of lactose.
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(ii) Use the graph in Fig. 1.2 to estimate the Michaelis-Menten constant (Km) of lactase.

 Show your working on the graph in Fig. 1.2.

Km =  ....................................... mmol dm–3 

(c) Lactose is found in the milk of many mammals.

A scientist investigated the concentration of lactose in the milk of different mammals.

Table 1.3 shows the results of this investigation.

Table 1.3

type of mammal concentration of lactose
/ mmol dm–3

rabbit (RA) 60.0

seal (SE) 2.5

goat (GO) 137.5

sheep (SH) 150.0

horse (HO) 222.5

Plot a bar chart of the data shown in Table 1.3 on the grid in Fig. 1.3.

Use a sharp pencil.

Fig. 1.3
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2 J1 is a slide of a stained transverse section through a plant leaf.

(a) (i) Draw a large plan diagram of the region of the leaf on J1, indicated by the shaded area
in Fig. 2.1. Use a sharp pencil.

draw this region

Fig. 2.1

 Use one ruled label line and label to identify the lower epidermis.

(ii) Observe the vascular tissue in the midrib on the section of the leaf on J1.

 Select one large xylem vessel element and three adjacent smaller xylem 

vessel elements.

 Each xylem vessel element must touch at least two other xylem vessel elements.

• Make a large drawing of this group of four xylem vessel elements.

• Use one ruled  label line and label to identify the lumen of one xylem vessel element.

(b) Fig. 2.2 is a photomicrograph of a stained transverse section of a different leaf.

Fig. 2.2
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(i) Identify three observable differences, other than colour, between the leaf section in
Fig. 2.2 and the leaf section on J1.

 Record these three observable differences in Table 2.1.

Table 2.1

feature Fig. 2.2 J1

(ii) The leaf section shown in Fig. 2.2 is from a xerophytic plant which grows in sand dunes
where there is very little water.

 State two observable features of the leaf section shown in Fig. 2.2 which help the plant
to survive in dry conditions. Explain how each feature allows the plant to survive in dry
conditions.

feature 1  ............................................................................................................................

explanation

 ...........................................................................................................................................

feature 2  ............................................................................................................................

explanation

 ...........................................................................................................................................
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(c) Fig. 2.3 is the same photomicrograph as that shown in Fig. 2.2.

structure X

430 μm

Fig. 2.3

Use the scale bar to calculate the actual length of structure X.

Show your working and use appropriate units.

actual length of structure X =  ......................................................... 
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Element X has six more protons than element Y.

Which statement must be correct?

1

Atoms of element Y are smaller than atoms of element X.A

Element X has a full shell of electrons.B

Element X and element Y are in the same group.C

Element X and element Y are in the same period.D

Which statement explains why calcium has a higher melting point than barium?2

Calcium cations are smaller than barium cations and have a stronger attraction to the
delocalised electrons.

A

The structure of calcium is partly giant molecular.B

C There are more delocalised electrons in calcium than in barium as it has a lower ionisation
energy.

There is greater repulsion between barium atoms as they have more complete electron
shells than calcium atoms.

D

Three statements about potassium and chlorine and their ions are listed.3

The atomic radius of a potassium atom is greater than the atomic radius of a chlorine
atom.

1

The first ionisation energy of potassium is greater than the first ionisation energy of
chlorine.

2

The ionic radius of a potassium ion is greater than the ionic radius of a chloride ion.3

Which statements are correct?

2 and 3D1 and 3C2 onlyB1 onlyA

For which equilibrium do both of the equilibrium constants Kc and Kp have no units?4

H2(g) + I2(g) � 2HI(g)A

N2(g) + 3H2(g) � 2NH3(g)B

N2O4(g) � 2NO2(g)C

SO2(g) + O2(g) � SO3(g)D

Модуль "Дополнительные вопросы курса химии"
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Calcium carbide, CaC2, reacts with water, as shown. The data below the equation show, in kJmol
–1,

the standard enthalpies of formation of the compounds involved.
5

C2H2(g)+CaO(s)→H2O(l)+CaC2(s)

+228–635–286–60

What is the standard enthalpy change of the reaction shown?

–753kJmol–1A

–61kJmol–1B

+61kJmol–1C

+753kJmol–1D

In the sodium chloride lattice the number of chloride ions that surround each sodium ion is called
the coordination number of the sodium ions.

What are the coordination numbers of the sodium ions and the chloride ions in the sodium chloride
lattice?

6

coordination number
of chloride ions

coordination number
of sodium ions

64A

46B

66C

68D
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Histidine is an amino acid.7

histidine

C

C

C

H

H

N

C C

H

O

O

N

H

N

H

H H

C

H

H

1

2

3

What are the approximate bond angles 1, 2, and 3?

321

90°107°109.5°A

109.5°107°120°B

90°120°120°C

109.5°120°120°D

The Contact process takes place at a pressure between 100000Pa and 200000Pa. A catalyst is
used.

Which statement is correct?

8

A V2O5 catalyst is added to increase the equilibrium yield of the reaction.A

Changes in pressure have no effect on the position of equilibrium.B

The equilibrium yield of the reaction is very high under the conditions used.C

An iron catalyst is added to increase the rate of reaction.D
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Bromine reacts with aqueous sodium hydroxide at 25°C.

reaction 1 Br2(aq) + 2NaOH(aq) → NaBr(aq) + NaOBr(aq) + H2O(l)

The NaOBr formed is unstable at 25°C and reacts further.

reaction 2 3NaOBr(aq) → 2NaBr(aq) + NaBrO3(aq)

Which reactions are disproportionations?

9

both reaction 1 and reaction 2A

neither reaction 1 nor reaction 2B

reaction 1 onlyC

reaction 2 onlyD

Which statement is correct?10

The relative atomic mass of a 35Cl atom is 35.5.A

The relative formula mass of CaCO3 is 100.1.B

The relative isotopic mass of a 24Mg atom is 24.3.C

The relative molecular mass of O2 is 16.0.D

Iodine and propanone react according to the following equation.

I2(aq) + CH3COCH3(aq) → CH3COCH2I(aq) + HI(aq)

If the concentration of propanone is increased, keeping the total reaction volume constant, the
initial rate of the reaction also increases.

What could be the reason for this?

11

A greater proportion of collisions are successful at the higher concentration.A

The particles are further apart at the higher concentration.B

The particles have more energy at the higher concentration.C

There are more collisions per second between particles at the higher concentration.D
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Four successive ionisation energies (IE) of element E are shown. 

Element E is in Period 3 of the Periodic Table.

12

eighth IE
/ kJmol–1

seventh IE
/ kJmol–1

sixth IE
/ kJmol–1

fifth IE
/ kJmol–1

29000240002000016000

In which group of the Periodic Table is E?

17D16C15B14A

In this question you should assume that the gas formed behaves as an ideal gas.

A 1.7g sample of Mg reacts with 50.0cm3 of 2.2moldm–3 HCl at 303K and 110400Pa.

Which volume of gas is produced, measured under these conditions?

13

5.0dm3D2.5dm3C1.6dm3B1.3dm3A

Chlorine dioxide, ClO2, reacts with aqueous sodium hydroxide to produce water and a mixture of
two sodium salts, NaClO2 and NaClO3.

What is the mole ratio of NaClO2 to NaClO3 in the product mixture?

14

5 :3D1 :1C3 :5B1 :2A

The temperature of a sample of an inert gas is increased.

What effect does this have on the number of molecules with the most probable energy and on the
number of molecules with higher energy?

15

number of molecules with
higher energy

number of molecules with the
most probable energy

decreasesdecreasesA

increasesdecreasesB

decreasesincreasesC

increasesincreasesD
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For16

anhydrous calcium carbonateA

anhydrous calcium nitrateB

anhydrous magnesium carbonateC

anhydrous magnesium nitrateD

The solids sodium chloride and sodium iodide both react with concentrated sulfuric acid at room
temperature.

With NaCl , the products are NaHSO4 and HCl .

With NaI, the products are NaHSO4, HI, I2, SO2, H2O, S and H2S.

What is the explanation for this difference in products?

17

Chloride ions will displace iodine from the solution.A

Hydrogen chloride is more volatile than hydrogen iodide.B

Iodide ions are better reducing agents than chloride ions.C

Sulfuric acid is able to act as a dehydrating agent with NaI.D

SiO2 has a melting point of 1713°C. It reacts with hot NaOH(aq) to form sodium silicate, Na2SiO3,
and water.

No reaction occurs when SiO2 is added to hot H2SO4(aq).

What can be deduced from this information?

18

structure
of SiO2

chemical
behaviour of SiO2

giantamphotericA

simpleamphotericB

giantacidicC

simpleacidicD

which compound is there the greatest percentage loss of mass on strong heating?
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Element X has the second largest atomic radius in its period. An atom of X has three occupied
electron shells only.

The oxide of X is shaken with water.

What could be the pH of the resulting solution?

19

14D9C7B5A

Which emission from an internal combustion engine contributes to the erosion of marble statues?20

carbon monoxideA

nitrogenB

nitrogen dioxideC

unburnt hydrocarbonsD

The diagram shows the melting points of eight elements with consecutive atomic numbers.

Which element could be sodium?

21

melting

point / K

atomic number

A

B

C

D
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The boiling points of Br2, ICl and IBr are given in the table.22

IBrIClBr2

1169759boiling point /°C

Which row explains:

boiling point of IBr is
greater than ICl

boiling point of ICl is
greater than Br2

IBr has stronger instantaneous
dipole-induced dipoles

ICl has stronger instantaneous
dipole-induced dipoles

A

IBr has stronger instantaneous
dipole-induced dipoles

ICl has permanent dipolesB

IBr has stronger
permanent dipoles

ICl has stronger instantaneous
dipole-induced dipoles

C

IBr has stronger
permanent dipoles

ICl has permanent dipolesD

A solution contains both Mg2+(aq) and Sr2+(aq) at the same concentration.

The solution is divided into two equal portions. Aqueous sodium hydroxide is added dropwise to
one portion. Dilute sulfuric acid is added dropwise to the other portion.

Which row is correct?

23

precipitate seen first
when H2SO4(aq) is added

precipitate seen first
when NaOH(aq) is added

magnesium sulfatemagnesium hydroxideA

strontium sulfatemagnesium hydroxideB

magnesium sulfatestrontium hydroxideC

strontium sulfatestrontium hydroxideD

• why the boiling point of ICl is greater than Br2
• why the boiling point of IBr is greater than ICl?

156



Structural isomerism and stereoisomerism should be considered when answering this question.

If a molecule contains two non-identical chiral carbon atoms, four optical isomers exist.

How many isomers are there with:

24

• molecular formula C7H14O and

• a five-membered ring and

• a tertiary alcohol group?

13D9C5B4A

Which reagent will react with pentan-3-ol to give a mixture of stereoisomers?25

acidified potassium dichromateA

concentrated sulfuric acidB

ethanoic acid in the presence of a little concentrated H2SO4C

hydrogen chlorideD

An organic molecule W contains 3 carbon atoms. It requires 4.5 molecules of oxygen for complete
combustion.

What could W be?

26

propaneA

propanoic acidB

propanoneC

propan-1-olD

Which equation represents a reaction that proceeds through initiation, propagation and termination
steps?

27

C4H10 + Cl 2 → C4H9Cl + HClA

C5H11Br + NaOH → C5H11OH + NaBrB

C6H12 + H2O → C6H13OHC

C6H13CHO + HCN → C6H13CH(OH)CND
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Structural isomerism and stereoisomerism should be considered when answering this question.

A set of isomeric hydrocarbons

28

• all contain 14.3% by mass of hydrogen

• all react with bromine by addition, 0.280g of each hydrocarbon reacting with 0.799g of
bromine.

What is the maximum number of isomeric compounds in the set?

5D4C3B1A

Which row describes the solvent used and type of reaction occurring when bromoethane reacts
with NaOH to form ethene?

29

type of reactionsolvent

eliminationethanolA

substitutionethanolB

eliminationwaterC

substitutionwaterD

Which row describes the type of reaction that occurs when propan-1-ol reacts to form the named
carbon-containing product?

30

type of reactioncarbon-containing product

addition to propan-1-ol1-chloropropaneA

complete combustion of propan-1-olcarbon monoxideB

dehydration of propan-1-olpropeneC

reduction of propan-1-olpropanalD

Which statement describes what happens when 2-chloro-2-methylpropane is warmed with
NaOH(aq)?

31

This secondary halogenoalkane reacts by a mixture of an SN1 and an SN2 mechanism.A

This secondary halogenoalkane reacts only by an SN2 mechanism.B

This tertiary halogenoalkane reacts mostly by an SN1 mechanism.C

This tertiary halogenoalkane does not react with hydroxide ions under these conditions.D
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How many structurally isomeric secondary alcohols are there with the molecular formula C5H12O?32

4D3C2B1A

Which reagent:33

• can confirm the presence of a carbonyl group in an organic compound

• does not distinguish between aldehydes and ketones?

acidified K2Cr2O7A

2,4-DNPH reagentB

Fehling’s reagentC

LiAlH4D

Which compound gives a positive test with alkaline aqueous iodine and does not show optical
isomerism?

34

CH3COCH2CH2OHA

CH3CH2CH(OH)CHOB

CH3COCH(OH)CH3C

(CH3)2C(OH)CHOD
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Two samples of compound X were treated separately with different reagents which were added in
excess.

The products of these two reactions are shown.

35

O

O

OH

O

O

OH

OH

compound X

OH

OH OH

reaction 1

reaction 2

Which reagents could be used for reaction 1 and reaction 2?

reaction 2reaction 1

NaA

NaBH4B

NaC

NaBH4

hot acidified sodium dichromate VI  

hot acidified sodium dichromate VI  

Tollens’ reagent followed by HCl (aq)  

Tollens’ reagent followed by HCl (aq)D

Which method could produce butanoic acid?36

an acid–base reaction involving CH3CH2CH2CO2NaA

the hydrolysis of CH3CH2CH2CH2CNB

the acidic hydrolysis of CH3CH2COOCH2CH2CH3C

the oxidation of CH3CH2CH2OHD
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Which ester may be hydrolysed to produce two products, one of which may be reduced to the
other?

37

CH3CH2CO2CH3A

CH3CH(CH3)CO2CH2CH(CH3)2B

CH3CH2CO2CH(CH3)2C

(CH3)2CHCO2CH(CH3)2D

Two compounds, X and Y, are mixed and a little concentrated H2SO4 is added.

Ester Z is found in the resulting mixture of products.

38

ester Z

O

O

O
O

O

O

Which two compounds could be X and Y?

YX

CH(CO2H)3CH3CH2OHA

CH3CO2CH2CH(OH)CH2OCOCH2CH3CH3CH2OHB

CH3CH2CO2CH2CH(OH)CH2OHCH3CO2HC

CH2(OH)CH(OH)CH2(OH)CH3CO2HD

The diagram shows a section of a polymer molecule.

–CH2–CH=CH–CH2–CH2–CH=CH–CH2–

Which monomer will produce this polymer?

39

CH2=CH2A

CH3CH=CH2B

CH3CH=CHCH3C

CH2=CH–CH=CH2D
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40 There are two naturally occuring isotopes of bromine. One isotope has 44 neutrons. The other
isotope has 46 neutrons.

Ignoring fragments, howmany peaks are there in themass spectrum of tribromomethane, 12C1HBr3?

A 2 B 3 C 4 D 6

R

F

L

e

V
V

K

c
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1 (a) Group 2 nitrates decompose when heated.

Describe how the thermal stability of Group 2 nitrates changes with increasing proton number. 

Explain your answer.

(b) Copper(II) nitrate decomposes in a similar manner to Group 2 nitrates.

Write an equation for the decomposition of Cu(NO3)2.

(c) Cu(NO3)2 is added to water to form solution A.
Fig. 1.1 shows some reactions of solution A.

solution ACu(NO3)2(s) solution C

solution D

precipitate B

H2O

NH3(aq)

excess
NH3(aq)

excess
concentrated HCl

Fig. 1.1

Complete Table 1.1 to show the formula and colour of each of the copper‑containing species 
present in A, B, C and D.

Table 1.1

formula of copper‑containing 
species formed

colour of copper‑containing 
species formed

A

B

C

D

(d) EDTA4– is a polydentate ligand.

(i) Explain what is meant by a polydentate ligand.

(ii) Group 2 metal ions can form complexes similar to those of transition elements.

 A solution of EDTA4–  is added to water containing [Ca(H2O)6]2+ to form a new complex,
[CaEDTA]2–, as shown.

 equilibrium 1  [Ca(H2O)6]2+  +  EDTA4–    [CaEDTA]2–  +  6H2O

 Circle on the structure of EDTA4– in Fig. 1.2 the six atoms that form bonds with the metal
ion.
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EDTA4–

NCH2CH2N
CCH2

–O

O

CCH2

CH2C

CH2C–O

O–

O–

O

O

O

Fig. 1.2

(iii) The calcium ions in [Ca(H2O)6]2+ and [CaEDTA]2– have a coordination number of 6.

 Explain what is meant by coordination number.

(iv) The complex [CaEDTA]2– can be used to remove toxic metals from the body.

 Table 1.2 shows the numerical values for the stability constants, Kstab, for some metal
ions with EDTA4–.

Table 1.2

complex Kstab

[CaEDTA]2– 5.0 × 1010

[CrEDTA] – 2.5 × 1023

[FeEDTA] – 1.3 × 1025

[PbEDTA]2– 1.1 × 1018

 An aqueous solution containing [CaEDTA]2– is added to a solution containing equal 
concentrations of Cr 3+(aq), Fe3+(aq) and Pb2+(aq). The resulting mixture is left to reach 
a state of equilibrium.

 State the type of reaction when [CaEDTA]2– reacts with Cr 3+(aq), Fe3+(aq) and Pb2+(aq).

(v) Deduce the relative concentrations of [CrEDTA]–, [FeEDTA]– and [PbEDTA]2– present in
the resulting mixture.

 Explain your answer.

..........................................  >  ..........................................  >  ..........................................
highest concentration lowest concentration
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(e) The number of moles of water of crystallisation in a hydrated ionic salt can be determined by
titration using aqueous EDTA4– ions with a suitable indicator.

• 0.255 g of hydrated chromium(III) sulfate, Cr2(SO4)3•nH2O, is dissolved in water and
made up to 100 cm3 in a volumetric flask.

• 25.0 cm3 of this solution requires 26.2 cm3 of 0.00800 mol dm–3 aqueous EDTA4– ions to
reach the end‑point.

The reaction occurs as shown.

[Cr(H2O)6]3+  +  EDTA4–    [CrEDTA] –  +  6H2O

  Use the data to calculate the value of n in the formula of Cr2(SO4)3•nH2O. 

Show your working.

(f) A solution of Cr 3+(aq) and a solution of Fe3+(aq) have different colours.

Explain why the two complexes have different colours.

2 (a) Some transition element complexes can show stereoisomerism.

State two types of stereoisomerism shown by transition element complexes.

(b) The complexes [Pt(NH3)2Cl2] and [Pt(en)2]2+ have the same geometry (shape) around the
metal ion.

[Pt(NH3)2Cl2] exists as two stereoisomers whereas [Pt(en)2]2+ only has one possible structure.

State the geometry around the metal ion.

(c) The complex [Cr(en)3 ]
2+ exists as two stereoisomers whereas the complex

O N

[Cr(OCH2CH2NH2)3 ]
− exists as four stereoisomers.

Complete the three‑dimensional diagrams in Fig. 2.1 to show the four stereoisomers of
[Cr(OCH2CH2NH2)3 ]

−.

Represent the ligand –OCH2CH2NH2 by using .

C
r

C
r

C
r

C
r

Fig. 2.1
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(d) The complex [Cr(OCH2CH2NH2)3]− is formed by reacting Cr 2+(aq) with the conjugate base of
2‑aminoethanol.

A synthesis of 2‑aminoethanol is shown in Fig. 2.2.

oxirane 2-aminoethanol

H

H H

H2N+ NH3

OH
C

O

C H

Fig. 2.2

(i) Suggest the mechanism for step 1 of the reaction of oxirane with ammonia in Fig. 2.3.

 Include all relevant curly arrows, lone pairs of electrons, charges and partial charges.

 Draw the structure of the organic intermediate.

intermediateoxirane 2-aminoethanol

step 1 step 2
H

H H

H3N

H2N
OH

C

O

C H

Fig. 2.3
[3]

(ii) A small amount of by‑product E, shown in Fig. 2.4, is produced during the reaction shown
in Fig. 2.2.

E

N
H

OHHO

Fig. 2.4

 Suggest how the formation of by‑product E can be minimised.
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(iii) Compound F, C4H9NO, can be formed from the reaction of by‑product E, C4H11NO2,
with concentrated H2SO4.

 Compound F is a saturated and basic organic compound.

 Suggest a structure for compound F. State the type of reaction undergone by E to form F.

F

3 (a) Aqueous acidified iodate(V) ions, IO3
–, react with iodide ions, as shown.

IO3
–  +  6H+  +  5I–    3I2  +  3H2O

The initial rate of this reaction is investigated. Table 3.1 shows the results obtained.

Table 3.1

experiment [IO3
–] / mol dm–3 [H+] / mol dm–3 [I–] / mol dm–3 initial rate / mol dm–3 min–1

1 0.0400 0.0150 0.0250 4.20 × 10–2

2 0.120 to be calculated 0.0125 7.09 × 10–2

  The rate equation for this reaction is rate = k [IO3
–][H+]2[I–]2.

(i) Explain what is meant by order of reaction.

(ii) Complete Table 3.2.

Table 3.2

the order of reaction with respect to [IO3
–]

the order of reaction with respect to [H+]

the order of reaction with respect to [I–]

the overall order of reaction
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(iv) Use data from Table 3.1 to calculate the rate constant, k, for this reaction.

 Include the units of k.

(v) Use data from Table 3.1 to calculate the concentration of hydrogen ions, [H+], in
experiment 2.

(vi) This reaction is repeated in two separate experiments.

 The experiments are carried out at the same temperature and with the same
concentrations of I– and IO3

–.

 One experiment takes place at pH 1.0 and the other experiment takes place at pH 2.0.

 Calculate the value of  rate at pH 1.0
rate at pH 2.0

 .

(b) In aqueous solution, iron(III) ions react with iodide ions, as shown.

2Fe3+  +  2I–  2Fe2+  +  I2

The initial rate of reaction is first order with respect to Fe3+ and second order with respect 
to I–.

The mechanism for this reaction has three steps.

Each step involves only two ions reacting together.

Suggest equations for the three steps of this mechanism. Identify the rate‑determining step.

(iii) Use your answer to (a)(ii) to sketch lines in Fig. 3.1 to show the relationship between the
initial rates and the concentrations of [IO3

–] and [I–].

0
0

0
0

initial rate

[IO3
–]

initial rate

[I–]

Fig. 3.1

4 (a) State the hybridisation of the carbon atoms and the C–C–H bond angle in benzene, C6H6. 
Explain how orbital overlap leads to the formation of σ and π bonds in benzene.
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(b) Compound Z can be synthesised from benzene in three steps by the route shown in Fig. 4.1.

step 1

step 2

step 3

Zbenzene

YX

NH2

Fig. 4.1

(i) Draw structures for X and Y in Fig. 4.1.

(ii) Give the reagents and conditions for steps 1, 2 and 3.

(c) Compound W is an isomer of Z.
W

NH2

Fig. 4.2

Give the systematic name of W.

(d) Complete Table 4.1 to show the number of peaks observed in the carbon‑13 NMR spectrum
for W and Z.

Table 4.1

compound number of peaks observed

W

Z
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5 (a) The exhaust systems of most modern gasoline‑fuelled cars contain a catalytic converter with 
three metal catalysts.

These metals act as heterogeneous catalysts.

(i) Name three metal catalysts used in catalytic converters.

(ii) Explain what is meant by a heterogeneous catalyst.

(b) The exhaust systems of many diesel‑fuelled cars contain an additional system to reduce
vehicle emissions. This uses a liquid that is added to the exhaust system.

This liquid contains urea, (NH2)2CO, which decomposes on heating to isocyanic acid, HNCO,
and ammonia.

reaction 1   (NH2)2CO    HNCO  +  NH3

Isocyanic acid reacts with water vapour to form ammonia and carbon dioxide.

reaction 2  HNCO(g)  +  H2O(g)    NH3(g)  +  CO2(g)

Some values for standard enthalpy changes of formation, ΔHf
o, and standard entropies, S o,

are given in Table 5.1.

Table 5.1

compound ΔHf
o / kJ mol–1 S o / J K–1 mol–1

HNCO(g) –101.7 +238.2

H2O(g) –241.8 +188.8

NH3(g) –45.9 +192.8

CO2(g) –393.5 +213.8

(i) Explain what is meant by the term entropy of a system.

(ii) Use the data in Table 5.1 to calculate ΔG o for reaction 2 at 25 °C.
 Show your working.

(c) The ammonia formed in reactions 1 and 2 can be used to remove nitrogen dioxide from
exhaust emissions, as shown.

reaction 3    8NH3  +  6NO2    7N2  +  12H2O

Use the equations for reactions 1, 2 and 3 to construct an overall equation for the reduction of
NO2 by (NH2)2CO.

(d) Isocyanic acid, HNCO, can form cyanuric acid, C3H3N3O3, under certain conditions.

C3H3N3O3 has a cyclic structure containing alternating carbon and nitrogen atoms in the ring
system.

Suggest a structure for cyanuric acid.
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(e) Isocyanic acid, HNCO, is a weak acid.

HNCO  +  H2O  H3O+  +  NCO– pKa = 3.70 at 25 °C

(i) Write the mathematical expressions for pKa and pH.

(ii) Calculate the pH of 0.120 mol dm–3 HNCO(aq).
 Give your answer to three significant figures.

(iii) Calculate the percentage of HNCO molecules that are ionised in 0.120 mol dm–3 HNCO.

6 (a) Compound H has the structural formula CH2=CHCH(NH2)COOH.

(i) Name all the functional groups in H.

(ii) Compound H exhibits stereoisomerism.

 Draw three‑dimensional structures for the two stereoisomers of H.
 Name this type of stereoisomerism.

(b) Compound H can be prepared from the reaction of J with an excess of hot aqueous 
acid.

J
O

O

N
H

                                             O

Fig. 6.1

(i) Complete Fig. 6.2 to show the equation for this 

reaction.
O

O

O

N
H

+ CH2=CHCH(NH2)COOH        
+

Fig. 6.2
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(ii) Name the type of reaction in (b)(i).

(c) Polymers consist of monomers joined together by undergoing either addition or condensation
polymerisation.

Compound H can react to form an addition polymer, K, or a condensation polymer, L,
depending on the conditions.

(i) Draw one repeat unit of addition polymer K.

(ii) Draw two repeat units of condensation polymer L.

 The new functional group formed should be displayed.

(iii) Explain why condensation polymers can normally biodegrade more readily than addition
polymers.

7 (a) State the relative basicities of ethanamide, diethylamine and ethylamine in aqueous solution.

Explain your answer.

(b) The amino acid alanine, H2NCH(CH3)COOH, can act as a buffer.

(i) Define a buffer solution.

(ii) Write two equations to show how an aqueous solution of alanine can act as a buffer
solution.

(c) Glutamic acid is another amino acid that acts as a buffer.

glutamic acid

CH2CH2COOH

H2N C COOH

H

Fig. 7.1

(i) Draw the skeletal formula for glutamic acid.

(ii) Draw the structure for the dipeptide, ala‑glu, formed from one molecule of alanine and
one molecule of glutamic acid.

 The peptide bond formed should be displayed.
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(d) The isoelectric point of alanine is 6.0 and of glutamic acid is 3.2.

A mixture of the dipeptide, ala‑glu, and its two constituent amino acids, alanine and glutamic
acid, is analysed by electrophoresis using a buffer at pH 6.0.

+ –

mixture applied here

Fig. 7.2

Draw and label three spots on Fig. 7.2 to indicate the predicted position of each of these 
three species after electrophoresis.

Explain your answer.

(e) Alanine, H2NCH(CH3)COOH, reacts with methanol to form the ester G under certain
conditions.

The proton (1H) NMR spectrum of G dissolved in D2O is shown in Fig. 7.3.

G

O

O

567 1 0

H2N

4 3 2 
chemical shift δ / ppm

Fig. 7.3
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environment of proton example chemical shift range, 
δ / ppm

alkane –CH3, –CH2–, >CH– 0.9–1.7

alkyl next to C=O CH3–C=O, –CH2–C=O, >CH–C=O 2.2–3.0

alkyl next to aromatic ring CH3–Ar, –CH2–Ar, >CH–Ar 2.3–3.0

alkyl next to electronegative atom CH3–O, –CH2–O, –CH2–Cl 3.2–4.0

attached to alkene =CHR 4.5–6.0

attached to aromatic ring H–Ar 6.0–9.0

aldehyde HCOR 9.3–10.5

alcohol ROH 0.5–6.0

phenol Ar–OH 4.5–7.0

carboxylic acid RCOOH 9.0–13.0

alkyl amine R–NH– 1.0–5.0

aryl amine Ar–NH2 3.0–6.0

amide RCONHR 5.0–12.0

(i) Complete Table 7.2 for the proton (1H) NMR spectrum of G.

Table 7.2

chemical  
shift (δ) splitting pattern number of 1H atoms 

responsible for the peak
number of protons on 

adjacent carbon atoms

1.4

3.5

4.0

(ii) The proton (1H) NMR spectrum of G dissolved in CDCl3 is obtained.

 Describe the difference observed between this spectrum and the proton NMR spectrum
in D2O shown in Fig 7.3.

Explain your answer.
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8 (a) Complete Table 8.1 by placing one tick (✓) in each row to indicate the sign of each type of 
energy change under standard conditions.

Table 8.1

energy change always positive always negative can be either  
negative or positive

lattice energy 

enthalpy change of hydration

enthalpy change of solution

(b) Define enthalpy change of hydration.

(c) Table 8.2 shows various energy changes which can be used in the following questions.

Table 8.2

energy change value / kJ mol–1

standard enthalpy change of atomisation of calcium +178.2

first ionisation energy of calcium +590

second ionisation energy of calcium +1145

standard enthalpy change of atomisation of bromine +111.9

Br–Br bond energy +192.9

standard enthalpy change of solution of calcium bromide, CaBr2(s) –103.1

standard enthalpy change of formation of calcium bromide, CaBr2(s) –682.8

standard enthalpy change of hydration of Ca2+ –1579

first electron affinity of bromine –324.6

first ionisation energy of bromine +1140

(i) Select and use relevant data from Table 8.2 to calculate the lattice energy, ΔH olatt, of
CaBr2(s).

 It may be helpful to draw a labelled energy cycle.

Show your working.

(ii) Select and use relevant data from Table 8.2 and your answer to (c)(i) to calculate the
standard enthalpy change of hydration, ΔH ohyd, of Br –.

 It may be helpful to draw a labelled energy cycle.

 If you were not able to answer (c)(i), use –2500 kJ mol–1 as your value for ΔH olatt  of
CaBr2(s). This is not the correct value.

 Show your working.
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1 Which unit is not an SI base unit? 

A A B kg C C D s 

2 What is the best estimate of the number of atoms in a piece of metal of volume 50 cm3? 

A 5  1015 B 5  1025 C 5  1029 D 5  1031 

3 A copper pipe has a true diameter of 42.03 mm. 

A builder measures the diameter of the pipe five times using digital calipers. The measurements 
are shown. 

diameter / mm 

48.01 

47.99 

48.01 

48.00 

47.99 

What describes the builder’s measurements? 

A accurate and precise 

B accurate but not precise 

C not precise and not accurate 

D precise but not accurate 

4 Two forces, each of 10 N, act at a point P, as shown. The angle between the directions of the 
forces is 120. 

120°

P

10 N

10 N

What is the magnitude of the resultant force? 

A 5 N B 10 N C 17 N D 20 N 

Модуль "Дополнительные вопросы курса физики"
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5 One object moves directly from P to R. 

P

R

Q

In a shorter time, a second object moves from P to Q to R. 

Which statement about the two objects is correct for the journey from P to R? 

A They have the same average speed. 

B They have the same average velocity. 

C They have the same displacement. 

D They travel the same distance. 

6 A ball is kicked so that it has an initial velocity of 12 m s–1 at an angle of 50 to horizontal ground. 

Assume that air resistance is negligible. 

50�

12 m s–1

What is the maximum height above the ground that is reached by the ball? 

A 0.47 m B 3.0 m C 4.3 m D 7.3 m 
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7 A camera drone of mass 1.20 kg hovers at a fixed point above the ground. The drone has four 
propellers. 

propeller

camera

In a time of 1.00 s, each propeller pushes a mass of 0.400 kg of air vertically downwards. 

Assume that the air above the propellers is stationary. 

What is the speed of the air leaving each propeller? 

A 0.750 m s–1 B 3.00 m s–1 C 7.36 m s–1 D 29.4 m s–1 

8 A box rests on the Earth, as shown. 

Newton’s third law describes how forces of the same type act in pairs. One of the forces of a pair 
is the weight W of the box. 

Which arrow represents the other force of this pair? 

D

B

W
C

A

box

Earth

NOT TO

SCALE

178



9 A small ball is held at the surface of liquid oil in a container. The ball is released from rest and 
falls through the oil. The ball has velocity v. A viscous (drag) force F acts on the ball. 

Which graph could show the variation with v of F? 

A

F

0
0 v

B

F

0
0 v

C

F

0
0 v

D

F

0
0 v

10 An object of mass m, moving at speed u along a frictionless horizontal surface, collides head-on 
with a stationary object of mass 4m. 

u
m 4m

before the collision

After the collision, the object of mass m rebounds along its initial path with 
4
1  of its kinetic energy

before the collision. 

What is the speed of the object of mass 4m after the collision? 

A 
8
u B

16
3u C 

16
5u D 

8
3u

11 The driver of a car applies two parallel forces to a steering wheel, as shown. 

centre of

steering wheel

0.40 m

15 N

15 N

65°

65°

Each force has a magnitude of 15 N and acts in the direction shown. The steering wheel has a 
diameter of 0.40 m. 

What is the torque exerted on the steering wheel? 

A 1.3 N m B 2.5 N m C 2.7 N m D 5.4 N m 
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12 A farmer is trying to lift the corner of a large water tank. She uses a metal rod as a lever. 

force

from farmer
metal rod

water tank

pivot

The vertical force from the farmer is constant and is always applied to the end of the rod. 

Which change must increase the upward force on the water tank? 

A using a longer rod and moving the pivot closer to the tank 

B using a longer rod and moving the pivot further away from the tank 

C using a shorter rod and moving the pivot closer to the tank 

D using a shorter rod and moving the pivot further away from the tank 

13 The diagram shows a ball of weight W hanging in equilibrium from a string. 

W

P

T

rod

ball

string

�

The string is at an angle  to the vertical. The tension in the string is T. The ball is held away from 
the wall by a horizontal force P from a metal rod. 

Which relationship between the magnitudes of T, P and W is correct? 

A P = T cos   and  W = T sin 

B T = P + W 

C T 
2 = P 

2 + W 
2 

D W = P tan   and  W = T cos 

180



14 Which expression for pressure is correct? 

A force per unit area 

B force per unit volume 

C mass per unit area 

D mass per unit volume 

15 A ball has a mass of 0.50 kg and a volume of 1.3  10–3
 m3. The ball is floating in equilibrium on 

still water. The two forces that act on the ball are its weight and the upthrust due to the water. 

The density of the water is 1.0  103
 kg m–3. 

What is the percentage of the volume of the ball above the surface of the water? 

A 3.9% B 38% C 62% D 96% 

16 A man sits on a buggy that is pulled along by a wire attached to a kite. The wire is at an angle of 
40 to the horizontal and has a constant tension of 200 N. The man and buggy travel a distance of 
20 m along a straight horizontal path. The wire and the path of the buggy are in the same vertical 
plane. 

40�

200 N

wire

buggy

kite

What is the work done by the tension force on the man and buggy? 

A 2.6 kJ B 3.1 kJ C 3.4 kJ D 4.0 kJ 

17 A ball is thrown vertically upwards from the surface of the Earth. 

Which statement describes the energy of the ball as it rises through the air? 

A The kinetic energy of the ball decreases as the gravitational potential energy decreases. 

B The kinetic energy of the ball decreases as the gravitational potential energy increases. 

C The kinetic energy of the ball increases as the gravitational potential energy decreases. 

D The total energy of the ball increases. 
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18 A lamp is suspended in equilibrium from a fixed support by three long identical wires. 

wires fixed support

lamp

The weight of the lamp causes each wire to have an extension of 0.40 cm. The height h of the 
lamp above the floor is measured. 

The middle wire suddenly breaks and the lamp falls a small distance as the extensions of the 
remaining two wires increase. The wires obey Hooke’s law. 

When the lamp is in equilibrium, the height h of the lamp above the floor is measured again. 

What is the difference between the two values of h? 

A 0.20 cm B 0.27 cm C 0.40 cm D 0.60 cm 

19 The force–extension graph for a spring is shown. 

0
0

extension

force

What represents the work done to extend the spring? 

A the area under the graph 

B the gradient of the graph 

C the reciprocal of the gradient of the graph 

D twice the area under the graph 
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20 In an experiment, a student uses a microphone and a cathode-ray oscilloscope (CRO) to analyse 
a sound wave. The diagram shows the trace on the screen of the CRO. 

The student is expecting a sinusoidal waveform to be shown on the screen. 

Which changes should the student make to the time-base and the y-gain of the CRO so that the 
screen shows a continuous trace for one complete cycle of the waveform? 

time-base y-gain

A decrease decrease 

B decrease increase 

C increase decrease 

D increase increase 

21 The graph shows the variation with time of the displacement of a particle in a progressive wave. 

0
0

displacement

time

yx

Two measurements, x and y, are labelled on the graph. 

What do x and y represent? 

x y

A amplitude period 

B frequency period 

C amplitude wavelength 

D frequency wavelength 
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22 A car travels at a constant speed along a straight line PQ. 

A loudspeaker attached to the car emits sound of constant frequency f. A stationary observer is  
at point O. 

P Q

O

What does the observer hear as the car moves from P towards Q? 

A a frequency less than f that decreases as the car moves from P towards Q 

B a frequency less than f that increases as the car moves from P towards Q 

C a frequency more than f that decreases as the car moves from P towards Q 

D a frequency more than f that increases as the car moves from P towards Q 

23 Some sources of electromagnetic waves in free space are listed. 

1 a radio wave transmitter 

2 a source of X-rays 

3 a 30 mm wavelength radar transmitter 

4 a light-emitting diode that emits red light 

Which list gives the sources in order of increasing wavelength, from left to right, of the waves 
emitted by the sources? 

A 1  3  4  2 

B 2  4  1  3 

C 2  4  3  1 

D 3  1  4  2 
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24 A vertically polarised beam of light is incident normally on a polarising filter. The transmission axis 
of the filter is at an angle of 40 to the horizontal. 

40�

beam of vertically

polarised light

transmission axis

of polarising filter

polarising filter

beam of

transmitted light

horizontal

What is the ratio 
beam incident of amplitude

beam dtransmitte of amplitude
? 

A 0.41 B 0.59 C 0.64 D 0.77 

25 Two progressive waves meet at a point. 

Which condition must be met for superposition of the waves to occur? 

A The waves must be coherent. 

B The waves must be of the same type. 

C The waves must be travelling in opposite directions. 

D The waves must meet in phase. 

26 A string is stretched between a vibration generator and a fixed point. 

When the vibration generator is vibrating at a frequency f, a stationary wave with five nodes is 
created on the stretched string, as shown. There is a node at the end of the string that is attached 
to the vibration generator. 

vibration

generator

fixed point

The frequency of vibration of the vibration generator is slowly increased. 

What is the next frequency that produces a stationary wave on the string? 

A 1.25f B 1.50f C 1.75f D 2.00f 
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27 A ripple tank and a barrier with a single gap are used to demonstrate the diffraction of surface 
ripples on water. Initially, the wavelength of the ripples is five times smaller than the gap in the 
barrier. 

gap

barrier

ripples

Which change increases the amount of diffraction observed? 

A double the amplitude of the ripples 

B double the width of the gap 

C halve the frequency of the ripples 

D halve the wavelength of the ripples 

28 A laser produces a beam of light of wavelength 650 nm. The beam is incident normally on two 
slits that are a distance of 0.12 mm apart. 

A screen is placed parallel to the slits. The bright interference fringes on the screen have a 
separation of 7.5 cm. 

What is the distance between the screen and the two slits? 

A 1.4 m B 2.8 m C 7.0 m D 14 m 
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29 A beam of light from a laser is incident normally on a diffraction grating. 

110�

diffraction grating

light beam

The diagram shows only the second-order maxima that are produced. 

The grating has a line spacing of 1.0  10–6
 m. The angle between the two second-order maxima 

is 110. 

What is the wavelength of the light? 

A 4.1  10–7
 m 

B 4.7  10–7
 m 

C 8.2  10–7
 m 

D 9.4  10–7
 m 

30 The electric current in a metal wire is 4.0 mA. 

How many electrons pass a fixed point in the wire in a time of 10 hours? 

A 2.5  1017 B 2.5  1020 C 9.0  1020 D 9.0  1023 

31 What is the definition of the potential difference across an electrical component? 

A the charge per unit time passing through the component 

B the energy transferred per unit charge 

C the force per unit charge 

D the resistance per unit current 

32 Which graph shows the I–V characteristic of a filament lamp? 

A

V

I

D

V

I

C

V

I

B

V

I

0
0

0
0

0
0

0
0
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33 A metal wire has a length of 2.50 m and a cross-sectional area of 4.50  10–6
 m2. The resistivity of 

the metal is 3.50  10–7
  m. 

The wire is stretched so that its length increases to 2.65 m. The wire remains cylindrical and the 
volume of the wire remains constant. 

What is the change in the resistance of the wire? 

A 0.012  B 0.024  C 0.19  D 0.22  

34 Which circuit symbol represents a microphone? 

A B C D

35 A battery with internal resistance is connected to a fixed resistor, an ammeter and a voltmeter, as 
shown. 

A

V

The battery is replaced by a different battery that has the same electromotive force (e.m.f.) but a 
greater internal resistance. 

What happens to the readings on the ammeter and voltmeter? 

ammeter reading voltmeter reading 

A decreases decreases 

B decreases stays the same 

C stays the same decreases 

D stays the same stays the same 
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36 Four potential divider circuits each consist of a battery of electromotive force (e.m.f.) 9 V and 
negligible internal resistance connected to a combination of resistors. Each of the resistors in the 
circuits has a resistance of X or 2X. 

Which circuit has the largest output voltage V ? 

X

A

X V

X

B

2X

9 V 9 V

V

X

C

X V

X

D

X

9 V 9 V

V2X

2X
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37 A voltmeter is connected into a circuit with the polarity shown. 

V

P

Q

3 V

3 V
+ –

The sliding contact is moved to end P of the potentiometer and then to end Q. 

What are the two readings of the voltmeter? 

sliding contact 
at end P 

sliding contact 
at end Q 

A 0 V 3 V 

B 0 V 6 V 

C 3 V 3 V 

D 3 V 6 V 

38 A proton has mass mp and charge +e. 

What are the mass and charge of an antiproton? 

mass charge 

A –mp +e

B –mp –e

C mp +e

D mp –e

39 A uranium nucleus has 92 protons and 143 neutrons. 

The nucleus emits a total of 3 -particles and 4 – particles to form nucleus X. 

How can nucleus X be represented? 

A X131
90  B X219

87  C X223
82  D X223

90
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1 Solve the equation 4 sin 1 + tan 1 = 0 for 0Å < 1 < 180Å. [3]

2 (a) Find the first three terms in the expansion, in ascending powers of x, of �2 + 3x�4. [2]

(b) Find the first three terms in the expansion, in ascending powers of x, of �1 − 2x�5. [2]

(c) Hence find the coefficient of x2 in the expansion of �2 + 3x�4�1 − 2x�5. [2]

3

x

y

−8 −6 −4 −2 0 2 4 6

−6

−4

−2

2

4

6

y = f�x�
y = g�x�

The diagram shows graphs with equations y = f�x� and y = g�x�.

Describe fully a sequence of two transformations which transforms the graph of y = f�x� to y = g�x�.
[4]

4

1
AB

C

D

8 cm

The diagram shows a sector ABC of a circle with centre A and radius 8cm. The area of the sector is
16
3
πcm2. The point D lies on the arc BC.

Find the perimeter of the segment BCD. [4]

Модуль "Дополнительные главы алгебры и начала анализа"

Контрольная работа, раздел 1 (10 класс)
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5 The line with equation y = kx − k, where k is a positive constant, is a tangent to the curve with equation

y = −
1

2x
.

Find, in either order, the value of k and the coordinates of the point where the tangent meets the curve.

[5]

6 The first three terms of an arithmetic progression are
p2

6
, 2p − 6 and p.

(a) Given that the common difference of the progression is not zero, find the value of p. [3]

(b) Using this value, find the sum to infinity of the geometric progression with first two terms

p2
and 2p − 6. [2]

6

7 A curve has equation y = 2 + 3 sin 1
2
x for 0 ≤ x ≤ 4π.

(a) State greatest and least values of y. [2]

(b) Sketch the curve. [2]

(c) State the number of solutions of the equation

2 + 3 sin 1
2
x = 5 − 2x

for 0 ≤ x ≤ 4π. [1]

8 The functions f and g are defined as follows, where a and b are constants.

f�x� = 1 +
2a

x − a
for x > a

g

(a) Given that f�7� = 5
2
and gf

�x� = bx − 2 for x ∈ >

�5� = 4, find the values of a and b. [4]

For the rest of this question, you should use the value of a which you found in (a).

(b) Find the domain of f−1. [1]

(c) Find an expression for f−1�x�. [3]

9 Water is poured into a tank at a constant rate of 500cm3 per second. The depth of water in the tank,

t seconds after filling starts, is hcm. When the depth of water in the tank is hcm, the volume, V cm3,

of water in the tank is given by the formula V = 4
3
�25 + h�3 − 62

3
500.

(a) Find the rate at which h is increasing at the instant when h = 10cm. [3]

(b) At another instant, the rate at which h is increasing is 0.075cm per second.

Find the value of V at this instant. [3]
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10

x

y

O 1

1

y =
4

�2x − 1�2

A �1, 4�

B
�
3

2
, 1

�

The diagram shows part of the curve with equation y =
4

�2x − 1�2
and parts of the lines x = 1 and y = 1.

The curve passes through the points A �1, 4� and B,
�
3
2
, 1

�
.

(a) Find the exact volume generated when the shaded region is rotated through 360Å about the x-axis.

[5]

(b) A triangle is formed from the tangent to the curve at B, the normal to the curve at B and the

x-axis.

Find the area of this triangle. [6]

11 The equation of a curve is such that
dy

dx
= 6x2 

− 30x + 6a, where a is a positive constant. The curve
has a stationary point at �a, −15�.

(a) Find the value of a. [2]

(b) Determine the nature of this stationary point. [2]

(c) Find the equation of the curve. [3]

(d) Find the coordinates of any other stationary points on the curve. [2]
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18

12

x

y

O

P

Q

A

The diagram shows a circle P with centre �0, 2� and radius 10 and the tangent to the circle at the

point A with coordinates �6, 10�. It also shows a second circle Q with centre at the point where this

tangent meets the y-axis and with radius 5
2

�
5.

(a) Write down the equation of circle P. [1]

(b) Find the equation of the tangent to the circle P at A. [2]

(c) Find the equation of circle Q and hence verify that the y-coordinates of both of the points of

intersection of the two circles are 11. [3]

(d) Find the coordinates of the points of intersection of the tangent and circle Q, giving the answers

in surd form. [3]
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1 A summary of 50 values of x gives

Σ�x − q� = 700, Σ�x − q�2 = 14 235,

where q is a constant.

(a) Find the standard deviation of these values of x. [2]

(b) Given that Σx = 2865, find the value of q. [2]

Контрольная работа по статистике и теории вероятностей, раздел 2 (10 класс)

2 (a) Find the number of ways in which a committee of 6 people can be chosen from 6 men and

8 women if it must include 3 men and 3 women. [2]

A different committee of 6 people is to be chosen from 6 men and 8 women. Three of the 6 men are

brothers.

(b) Find the number of ways in which this committee can be chosen if there are no restrictions on

the numbers of men and women, but it must include no more than two of the brothers. [3]

3 (a) Find the number of different arrangements of the 8 letters in the word COCOONED. [1]

(b) Find the number of different arrangements of the 8 letters in the word COCOONED in which the

first letter is O and the last letter is N. [2]

(c) Find the probability that a randomly chosen arrangement of the 8 letters in the word COCOONED

has all three Os together given that the two Cs are next to each other. [3]

4 A mathematical puzzle is given to a large number of students. The times taken to complete the puzzle

are normally distributed with mean 14.6 minutes and standard deviation 5.2 minutes.

(a) In a random sample of 250 of the students, how many would you expect to have taken more than

20 minutes to complete the puzzle? [4]

All the students are given a second puzzle to complete. Their times, in minutes, are normally

distributed with mean - and standard deviation 3. It is found that 20% of the students have times less

than 14.5 minutes and 67% of the students have times greater than 18.5 minutes.

(b) Find the value of - and the value of 3. [5]

5 The populations of 150 villages in the UK, to the nearest hundred, are summarised in the table.

100 − 800 900 − 1200Population

Number of villages 8 12

1300 − 2000 2100 − 3200 3300 − 4800

50 48 32

(a) Draw a histogram to represent this information. [4]

(b) Write down the class interval which contains the median for this information. [1]

(c) Find the greatest possible value of the interquartile range for the populations of the 150 villages.

[2]

6 Eli has four fair 4-sided dice with sides labelled 1, 2, 3, 4. He throws all four dice at the same time.

The random variable X denotes the number of 2s obtained.

(a) Show that P�X = 3� = 3
64
. [2]

(b) Complete the following probability distribution table for X. [2]

x 0 1 2 3 4

P�X = x� 81
256

3
64

1
256
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(c) Find E�X�. [2]

Eli throws the four dice at the same time on 96 occasions.

(d) Use an approximation to find the probability that he obtains at least two 2s on fewer than 20 of

these occasions. [5]

7 A children’s wildlife magazine is published every Monday. For the next 12 weeks it will include a

model animal as a free gift. There are five different models: tiger, leopard, rhinoceros, elephant and

buffalo, each with the same probability of being included in the magazine.

Sahim buys one copy of the magazine every Monday.

(a) Find the probability that the first time that the free gift is an elephant is before the 6th Monday.

[2]

(b) Find the probability that Sahim will get more than two leopards in the 12 magazines. [3]

(c) Find the probability that after 5 weeks Sahim has exactly one of each animal. [3]
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1 Solve the equation

3e2x − 4e−2x = 5.

Give the answer correct to 3 decimal places. [3]

Контрольная работа за  раздел 1 (11 класс)

2 (a) Sketch the graph of y = �2x + 3 �. [1]

(b) Solve the inequality 3x + 8 > �2x + 3 �. [3]

3 Find the coefficient of x3 in the binomial expansion of �3 + x�
�
1 + 4x. [4]

4 (a) Show that the equation sin 21 + cos 21 = 2 sin21 can be expressed in the form

cos21 + 2 sin1 cos 1 − 3 sin21 = 0. [2]

(b) Hence solve the equation sin 21 + cos 21 = 2 sin21 for 0Å < 1 < 180Å. [4]

5 The equation of a curve is x2y − ay2 = 4a3, where a is a non-zero constant.

(a)
dy

dx
Show that =

2xy

2ay − x2
. [4]

(b) Hence find the coordinates of the points where the tangent to the curve is parallel to the y-axis.

[4]

6 Relative to the origin O, the points A, B and C have position vectors given by

−−¿
OA =

`
2

1

3

a
,

−−¿
OB =

`
4

3

2

a
and

−−¿
OC =

`
3

−2

−4

a
.

The quadrilateral ABCD is a parallelogram.

(a) Find the position vector of D. [3]

(b) 1.

1

The angle between BA and BC is

Find the exact value of cos . [3]

(c) Hence find the area of ABCD, giving your answer in the form p
�
q, where p and q are integers.

[4]

7 The variables x and y satisfy the differential equation

cos 2x
dy

dx
=
4 tan 2x

sin2 3y
,

where 0 ≤ x < 1
4
π. It is given that y = 0 when x =

1
6
π.

=
1
6
π. Give your answer correct toSolve the differential equation to obtain the value of x when y

3 decimal places. [8]
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8 Let f�x� = 3 − 3x2

�2x + 1��x + 2�2
.

(a) Express f�x� in partial fractions. [5]

(b) Hence find the exact value of Ó
4

0

f�x� dx, giving your answer in the form a + b ln c, where a, b

and c are integers. [5]

9 The constant a is such that Ó
a

0

xe−2x dx =
1
8
.

(a) Show that a = 1
2
ln�4a + 2�. [5]

(b) Verify by calculation that a lies between 0.5 and 1. [2]

(c) Use an iterative formula based on the equation in (a) to determine a correct to 2 decimal places.

Give the result of each iteration to 4 decimal places. [3]

10 The polynomial x3 + 5x2 + 31x + 75 is denoted by p�x�.

(a) Show that �x + 3� is a factor of p�x�. [2]

(b) Show that z = −1 + 2
�
6i is a root of p�z� = 0. [3]

199



1 Two particles P and Q, of masses mkg and 0.3kg respectively, are at rest on a smooth horizontal

plane. P is projected at a speed of 5ms−1 directly towards Q. After P and Q collide, P moves with a

speed of 2ms−1 in the same direction as it was originally moving.

(a) Find, in terms of m, the speed of Q after the collision. [2]

After this collision, Q moves directly towards a third particle R, of mass 0.6kg, which is at rest on the

plane. Q is brought to rest in the collision with R, and R begins to move with a speed of 1.5ms−1.

(b) Find the value of m. [2]

Контрольная работа по механике, Раздел 2 (11 класс)

2 A particle P of mass 0.4 kg is projected vertically upwards from horizontal ground with speed 10m s−1.

(a) Find the greatest height above the ground reached by P. [2]

When P reaches the ground again, it bounces vertically upwards. At the first instant that it hits the

ground, P loses 7.2 J of energy.

(b) Find the time between the first and second instants at which P hits the ground. [4]

3 A particle moves in a straight line starting from rest. The displacement sm of the particle from a fixed

point O on the line at time t s is given by

5
2 − 15

4
s = t t

3
2 + 6.

Find the value of s when the particle is again at rest. [4]

4

t (s)

v (m s
−1
)

0 3 9 10 T
0

0.9

The velocity of a particle at time t s after leaving a fixed point O is vms−1. The diagram shows a

velocity-time graph which models the motion of the particle. The graph consists of 5 straight line

segments. The particle accelerates to a speed of 0.9ms−1 in a period of 3 s, then travels at constant

speed for 6 s, and then comes instantaneously to rest 1 s later. The particle thenmoves back and returns

to rest at O at time T s.

(a) Find the distance travelled by the particle in the first 10 s of its motion. [2]
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(b) Given that T = 12, find the minimum velocity of the particle. [2]

(c) Given instead that the greatest speed of the particle is 3ms−1, find the value of T and hence find

the average speed of the particle for the whole of the motion. [4]

5

10N

FN

40N

50N

60Å 1Å

Four coplanar forces act at a point. The magnitudes of the forces are FN, 10N, 50N and 40N. The

directions of the forces are as shown in the diagram.

(a) Given that the forces are in equilibrium, find the value of F and the value of 1. [6]

(b) Given instead that F = 10
�
2 and 1 = 45, find the direction and the exact magnitude the resultant

force. [3]

6

P

Q

B

A C

0.2 kg

0.1 kg

60Å 1Å

Two particles P and Q, of masses 0.2kg and 0.1kg respectively, are attached to the ends of a light

inextensible string. The string passes over a fixed smooth pulley at Bwhich is attached to two inclined

planes. Particle P lies on a smooth plane AB which is inclined at 60Å to the horizontal. Particle Q lies

on a plane BC which is inclined at an angle of 1Å to the horizontal. The string is taut and the particles

can move on lines of greatest slope of the two planes (see diagram).

(a) It is given that 1 = 60, the plane BC is rough and the coefficient of friction between Q and the

plane BC is 0.7. The particles are released from rest.

Determine whether the particles move. [4]
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11

(b) It is given instead that the plane BC is smooth. The particles are released from rest and in the

subsequent motion the tension in the string is
��
3 − 1

�
N.

Find the magnitude of the acceleration of P as it moves on the plane, and find the value of 1. [4]

7 A car of mass 1200kg is travelling along a straight horizontal road. The power of the car’s engine is

constant and is equal to 16kW. There is a constant resistance to motion of magnitude 500N.

(a) Find the acceleration of the car at an instant when its speed is 20ms−1. [3]

(b) Assuming that the power and the resistance forces remain unchanged, find the steady speed at

which the car can travel. [2]

The car comes to the bottom of a straight hill of length 316m, inclined at an angle to the horizontal
of sin−1

�
1
60

�
. The power remains constant at 16kW, but the magnitude of the resistance force is no

longer constant and changes such that the work done against the resistance force in ascending the hill

is 128400J. The time taken to ascend the hill is 15s.

(c) Given that the car is travelling at a speed of 20ms−1 at the bottom of the hill, find its speed at the

top of the hill. [6]
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1 Let A
3
1
0
1= e o.

(a) Prove by mathematical induction that, for all positive integers n,

A2 2 3
3 1

0
2

n
n

n
#

=
-

e o. [5]

(b) Find, in terms of n, the inverse of An . [2]

2  The cubic equation x x3 2+ +4 6x+ =1 0  has roots a , b , c .

(a) Find the value of a b2 2+ +c2 . [2]  

(b) Use standard results from the list of formulae (MF19) to show that

r( ) ( )b+ + c2r + r( ) n 2n a( )+ +n b
r

n
2

1

+a + j2 =
=

/` ,

where a and b are constants to be determined. [6]

3 (a) Use the method of differences to find 1

r

n

1=
/ kr( ) kr+ -1 1( )k+  

positive constant. 

 in terms of n and k  , where k is a 

[4]

(b) Deduce the value of 1

r 1
kr( ) kr+ -1 1( )k+

3

=

/ . [1]

(c) Find also 1

r n

n2

kr( ) kr+ -1 1( )k+
=

/  in terms of n and k. [2]

4 The matrix M is given by 
a

M = e a b
2

2

c
o, where a, b, c are real constants and b ! 0.

(a) Show that M does not represent a rotation about the origin. [2] 

(b) Find the equations  of the invariant lines, through the origin, of the transformation in the x – y plane
represented by M. [5]

It is given that M represents the sequence of two transformations in the x – y plane given by an 
enlargement, centre the origin, scale factor 5 followed by a shear, x-axis fixed, with (0, 1) mapped 
to (5, 1).

(c) Find M. [3]

(d) The triangle DEF in the x – y plane is transformed by M  onto triangle PQR.

Given that the area of triangle DEF is 12 cm2 , find the area of triangle PQR. [2]

5 The curve C has polar equation r
+1
12

i2
= , for 0 iG G r. 

(a) Sketch C and state the polar coordinates of the point of C furthest from the pole. [3]  

Модуль "Дополнительные главы высшей математики"

Контрольная работа по теоретической математике, раздел 1 (10 класс)
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(b) Find the area of the region enclosed by C, the initial line, and the half-line ri = . [4]

(c) Show that, at the point of C furthest from the initial line,

+
1e ocot 1i- = 0i
i

and verify that this equation has a root between 1.1 and 1.2. [5]

6 The curve C has equation y x
x x

-2
+2 512

=
- .

(a) Find the equations of the asymptotes of C. [3]

(b) Show that C has no stationary points. [3]

(c) Sketch C, stating the coordinates of the intersections with the axes. [3]

(d) Sketch the curve with equation y x
x x

-2
+2 - 512

= . [2]

(e) Find the set of values of x for which x
x x

2
2 +4 -30 15
2

1
-

. [4]

7 The plane P1 has equation r = -4 3j k- + i j- +( )m nk i+ +( )-j k .

(a) Obtain an equation of P1   in the form px qy+ + rz = d . [4]

(b) The plane P2   has equation r. - +5 3i j( )k+ =5 4.

Find a vector equation of the line of intersection of P1  and P2 . [4]

The line l passes through the point A with position vector a ai j+ + a-( )7 k  and is parallel to 
1( )- +b bi j+bk , where a and b are positive constants.

(c) Given that the perpendicular distance from A to P1  is 2, find the value of a. [2]

4
3(d) Given that the obtuse angle between l and P1  is r, find the exact value of b. [4]
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1 The lengths of the leaves of a particular type of tree are normally distributed with mean μ cm. The 
lengths, x cm, of a random sample of 12 leaves of this type are recorded. The results are summarised as 
follows.

.x 91 2=/    .x 695 82 =/

Find a 95% confidence interval for μ. [4]

2 The children at two large schools, P and Q, are all given the same puzzle to solve. A random sample 
of size 10 is taken from the children at school P. Their individual times to complete the puzzle give a 
sample mean of 9.12 minutes and an unbiased variance estimate of 2.16 minutes2. A random sample of 
size 12 is taken from the children at school Q. Their individual times, x minutes, to complete the puzzle 
are summarised by

/x = 99.6    / x x( ) 2- = 21.5,

where x  is the sample mean. Times to complete the puzzle are assumed to be normally distributed with 
the same population variance. 

Test at the 5% significance level whether the population mean time taken to complete the puzzle by 
children at school P is greater than the population mean time taken to complete the puzzle by children 
at school Q.  [8]

3 A  random sample of 50 values of the continuous random variable X  was taken. These values are 
summarised in the following table.

Interval G x1 11 .5 .1 5 G x 1 2 G x2 21 .5 .2 5 G x 1 3 G x3 31 .5 .3 5 xG G 4

Observed frequency 3 3 8 11 13 12

It is required to test the goodness of fit of the distribution with probability density function f given by 

0

,

.otherwise
x

x1 42ox G G
f x( ) = 2

4
+* 24

1 e

The expected frequencies, correct to 4 decimal places, are given in the following table. 

Interval G x1 11 .5 .1 5 G x 1 2 G x2 21 .5 .2 5 G x 1 3 G x3 31 .5 .3 5 xG G 4

Expected frequency 4.4271 a 6.1285 8.4549 b 14.9678

(a) Show that a = 4.6007  and find the value of b. [3]

(b) Carry out a goodness of fit test, at the 10% significance level, to test whether f is a satisfactory
model for the data. [6]

Контрольная работа по теории вероятностей и статистике, раздел 2 (10 класс)
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4 A random sample of 13 technology companies is chosen and the numbers of employees in 2018 and in 
2022 are recorded. 

Company A B C D E F G H I J K L M

Number in 2018 104 19 126 234 970 514 35 149 429 12 86 304 1104

Number in 2022 106 24 127 228 1012 525 32 156 449 24 78 294 1154

A researcher claims that there has been an increase in the median number of employees at technology 
companies between 2018 and 2022. 

(a) Carry out a Wilcoxon matched-pairs signed-rank test, at the 5% significance level, to test whether
the data supports this claim. [7]

The researcher notices that the figures for company G have been recorded incorrectly. In fact, the 
number of employees in 2018 was 32 and the number of employees in 2022 was 35. 

(b) Explain, with numerical justification, whether or not the conclusion of the test in part (a) remains
the same.  [2]

5 Harry has three coins. 

3
1

4
1

5
1

• One coin is biased so that, when it is thrown, the probability of obtaining a head is .
• The second coin is biased so that, when it is thrown, the probability of obtaining a head is .
• The third coin is biased so that, when it is thrown, the probability of obtaining a head is .

The random variable X is the number of heads that Harry obtains when he throws all three coins 
together. 

(a) Find the probability generating function of X. [3]

Isaac has two fair coins. The random variable Y is the number of heads that Isaac obtains when he 
throws both of his coins together. The random variable Z is the total number of heads obtained when 
Harry throws his three coins and Isaac throws his two coins. 

(b) Find the probability generating function of Z, expressing your answer as a polynomial in t. [4]

(c) Use the probability generating function of Z to find E(Z). [2]

6 The continuous random variable X has probability density function f given by 

0
x( ) ,

.
f

` +xe nl
otherwise

xe4 0 2 3x
28
3

2
1

2
1

G G
=

- j*

(a) Find the cumulative distribution function of X. [3]

The random variable Y is defined by Y = e X( )2
1

.

(b) Find the probability density function of Y. [3]

(c) Find the 30th percentile of Y. [3]

(d) Find E Y( )4 . [2]
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1 (a) Show that the system of equations

,
,
,

x y z
x y z
x y z

2 3 1
4 5 6 1
7 8 9 1

+ + =

+ + =

+ + =

does not have a unique solution. [2]

(b) Show that the system of equations in part (a) is consistent. Interpret this situation geometrically.
[3]

2 Use the substitution z x= + y  to find the solution of the differential equation

d
dy
x +3x y3 -3

1+3x y+3
=

for which y = 0 when x = 1. Give your answer in the form lna x( )+ +y b x y( )- + c = 0, where a, b 
and c are constants to be determined. [7]

3 (a) By considering the binomial expansion of +z z( )-1 4 , where z co= + is si iin , use de Moivre’s
1
8theorem to show that co 4s i = osc +i4 4( )cos i2 3+ . [5]

(b) Use the substitution x = sini   to find the exact value of 1-( )2x xd
0

2
32

1

y . [3]

4 The integral In   is defined by nI 0

1y 1= +( )5 ndx x .

(a) d By considering dx +1` jx x( )5 n , or otherwise, show that

5 1( )n In+ = n +2 5nIn-1 . [5]

(b) Find the exact value of I3 . [4]

5 The matrix A is given by 

A
18
8

5
6

32 10

-11
4

-20
= -f .p

(a) Show that the characteristic equation of A is 3m m2- -4 2 m0 4+ =8 0  and hence find the
eigenvalues of A. [4]

(b) Find a matrix P  and a diagonal matrix D such that =A P5 1DP- . [6]

6 Find the particular solution of the differential equation

d d
d 36 = 37x tsin

t
d2x x

t-122 + ,

given that, when t = 0, x t
x .0=
d
d = [11]

Контрльная работа по математике, раздел 1 (11 класс)
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7 (a) Use the substitution u x 12= -  to find d
x

x x
12 -

y . [3]

N 1-1 2 3 N

y

xO

The diagram shows the curve with equation coshy x1= -  together with a set of ( )N 1-  rectangles of
unit width. 

(b) By considering the sum of the areas of these rectangles, show that

2=

ln lnr r N N N N1 1 1
r

N
2 2 22+ - + - - -` `j j/ . [5]

(c) Use a similar method to find, in terms of N, an upper bound for
=2

ln`r r2+ -1
r

N

. j/ [3]

8 (a) Starting from the definitions of sech and tanh in terms of exponentials, prove that 

1- sech2 2t t= tanh . [3]

The curve C has parametric equations 

,    ,tanht y t1sech2
1 tanh +t ln2 4x = = + for t 2 0.

(b) Show that d x
yd
=-4sech2t . [5]

x
y

2
9

d
d
2

2
=- , giving your answer in the form + ln( ,a b c) (c) Find the coordinates of the point on C with

where a, b and c are rational numbers. [6]
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1 One end of a light elastic string, of natural length a and modulus of elasticity 3mg, is attached to a 
fixed point O. The other end of the string is attached to a particle P of mass m. The string hangs with P 
vertically below O. The particle P is pulled vertically downwards so that the extension of the string is 
2a. The particle P is then released from rest.

(a) Find the speed of P when it is at a distance a4
3  below O. [3]

(b) Find the initial acceleration of P when it is released from rest. [2]

Контрольная работа по механике, раздел 2 (11 класс)

2

P

u

i

a

2
1

A particle P of mass m is moving with speed u on a fixed smooth horizontal surface. It collides at an 
angle a with a fixed smooth vertical barrier. After the collision, P moves at an angle i with the barrier, 
where tani =  (see diagram). The coefficient of restitution between P and the barrier is e. The particle 
P loses 20% of its kinetic energy as a result of the collision.

Find the value of e. [5]

3 A particle P of mass m is attached to one end of a light inextensible string of length a. The other end 
of the string is attached to a fixed point O. The particle P is held at the point A, where OA makes an 
angle i with the downward vertical through O, and with the string taut. The particle P is projected 
perpendicular to OA in an upwards direction with speed u. It then starts to move along a circular path 
in a vertical plane. The string goes slack when P is at B, where angle AOB is 90° and the speed of 

5
4P is ag .

(a) Find the value of sini . [2]

(b) Find, in terms of m and g, the tension in the string when P is at A. [5]
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a

2a
xCO

d

y

An object is formed from a solid hemisphere, of radius 2a, and a solid cylinder, of radius a and height 
d. The hemisphere and the cylinder are made of the same material. The cylinder is attached to the plane
face of the hemisphere. The line OC forms a diameter of the base of the cylinder, where C is the centre
of the plane face of the hemisphere and O is common to both circumferences (see diagram). Relative to
axes through O, parallel and perpendicular to OC as shown, the centre of mass of the object is ( , ) .x y

(a) Show that x a d
a ad
16 3
32 32

=
+
+ and find an expression, in terms of a and d, for .y [5]

6
1The object is placed on a rough plane which is inclined to the horizontal at an angle i where sini = . 

The object is in equilibrium with CO horizontal, where CO lies in a vertical plane through a line of 
greatest slope.

(b) Find d in terms of a. [3]

5 A light elastic string of natural length a and modulus of elasticity mmg  has one end attached to a fixed 
point O on a smooth horizontal surface. When a particle of mass m is attached to the free end of the 
string, it moves with speed v in a horizontal circle with centre O and radius x. When, instead, a particle 

2
1

4
3

of mass 2m is attached to the free end of the string, this particle moves with speed v  in a horizontal 
circle with centre O and radius x .

(a) Find x in terms of a. [5]

(b) Given that =v 12 ga , find the value of m. [2]

6 A particle P moving in a straight line has displacement x m from a fixed point O on the line and velocity 
vms-1  at time t s. The acceleration of P, in ms-2 , is given by v v6 9+ . When t = 0, x = 2 and v = 72.

 (a) Find an expression for v in terms of x. [4]

(b) Find an expression for x in terms of t. [5]
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7 At time t s, a particle P is projected with speed m40 s 1-  at an angle i above the horizontal from a 
point O on a horizontal plane and moves freely under gravity. The greatest height achieved by P during 
its flight is H m and the corresponding time is T s.

(a) Obtain expressions for H and T in terms of i. [2]

During the time between t = T and t = 3, P descends a distance H4
1 .

(b) Find the value of i. [4]

(c) Find the speed of P when t = 3. [3]
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