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Introduction 

These mark schemes are published as an aid to teachers and students, to indicate 
the requirements of the examination. It shows the basis on which marks were 
awarded by the Examiners and shows the main valid approaches to each question. It 
is recognised that there may be other approaches and if a different approach was 
taken in the exam these were marked accordingly after discussion by the marking 
team. These adaptations are not recorded here. 

All Examiners are instructed that alternative correct answers and unexpected 
approaches in candidates’ scripts must be given marks that fairly reflect the relevant 
knowledge and skills demonstrated. 

Mark schemes should be read in conjunction with the published question papers and 
the Report on the Examination. 

The Admissions Testing Service will not enter into any discussion or correspondence 
in connection with this mark scheme. 
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1. (i)

M1 A1

M1 A1 M1

A1 * (6)
(ii)

M1 A1

M1 A1

M1

A1

A1 * (7)

(iii) Suppose for some integer k,

B1

Then

M1

ARK CHEME
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so result true for k+1. M1 A1

For ,

M1 A1

which is the correct result.

So result has been proved by (principle of)(mathematical) induction. dB1 (7)
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2. (i)

So

Thus, the gradient of the normal at Q is .M1 A1

But this normal is the chord PQ and so has gradient M1 A1

So which rearranges to A1* (5)

(ii) Similarly,

B1

Making p the subject of each result,

So

As , M1 A1

The line QR is

That is

Again, as , and , M1 A1

Because , QR is

So when , and thus is a suitable fixed point. B1 (6)

(iii) Because and subtracting gives

Again, as , M1 A1

So the line QR is M1

The line OP is i.e. B1

Thus the intersection of QR and OP is at , which lies on . B1 (5)

Suppose , then M1
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As this equation has two distinct real roots, q and r, then the discriminant is positiveM1

and so

A1 so that is which means that the distance of that point of

intersection is less than from the x axis. A1* (4)
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3. (i)

It is required that so it follows that

M1 A1

Thus,

Letting , so and thus Q has a factor as required.

M1 A1 (4)

Suppose that the degree of is p and that of is q. M1

Then the degree of is and of is
So has degree p , has degree , has degree ,

has degree , and thus has degree

A1

has degree

Thus which means that as required. A1 (3)

If , , and so

M1 A1

That is

and so B1

Therefore M1

and equating coefficients

A1

These equations are consistent, with so A1 (6)

(ii) For such P and Q to exist,
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and so

M1

and

A1

Letting , so and thus Q has a factor as before in (i).

However, letting , then M1

and so

Letting , , but as P and Q have no common factors, and so

which means that R in turn has a factor . A1

Thus Q must have a factor of .

Suppose , where and M1

Then

becomes

Dividing by the factor gives,

A1

Letting , , but , and giving a
contradiction and hence no such P and Q can exist. E1
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4. (i)

B1

Therefore

M1 M1 A1

As , as , M1

So

A1 * (6)

(ii)

M1

Thus

A1

So if , M1

A1 A1

Thus
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M1 A1* (7)

(iii)

M1 A1

A1 M1 A1

M1 A1 (7)
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5. (i)

B1

M1

M1

and hence A1* (4)

(ii) is an integer. E1

If p is a prime greater than and less than or equal to , then p is a factor of

E1

and is not a factor of , E1 and so it is a factor of . E1

Therefore, , which is the product of such primes, divides . E1

Hence, where is an integer,M1 and hence

, i.e. A1* (7)

(iii) M1

i.e. and so applying given condition E1

By (ii), M1

Thus, as required. A1* (4)

(iv) Suppose for all for some particular . E1

Then if , by (iii). E1

(equality as is not prime) using (iii). E1

So if , . E1

and hence required result is true by principle of mathematical induction. dE1 (5)
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6.

So we require and which is possible if

Thus and . B1

If , then B1

If , then can be written

requiring and .

So and B1

If , then B1

IF , then can be written

requiring and , so and B1 (5)

(i) M1

Thus A1

So using first result of question M1

M1

and so

A1* (5)

(ii)

M1 A1 (2)
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(iii) For intersection to occur at two distinct points, we require two solutions to exist to the
equations considered simultaneously. Considering the two graphs, there can be at most only one
intersection, which would occur for , if .

Thus we require and M1

That is . A1

Similarly vice versa, if these conditions apply, then there are two solutions and hence two
intersections. E1 (3)

(iv) To touch, we require two coincident solutions. i.e.

That is , and equally, if this applies then they will touch, E1

so

M1

and thus

A1 M1 A1 (5)
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7. If

then if ,

M1

So are the n roots of , that is of . A1

Thus is a factor of B1

Hence and comparing coefficients of ,

M1

So as required A1* (5)

(i) Without loss of generality, let be represented by M1

Then will be represented either by , or with M1

M1

A1 A1 A1*

or as because n
is even. E1 (7)

So as required.

For n odd,

M1 A1

or

B1

if , and if A1 (4)
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(ii)

M1

But

and so

M1

A1

is true for all so for , A1* (4)
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8. (i)

Let , then

i.e.

Let , then as required. E1

Substituting for from the equation just obtained in the original, M1

Thus , and hence M1 A1

Verification: as required. B1 (5)

(ii)

M1 M1 A1* (3)

as required.

So

M1

That is

A1

So substituting for from the equation just obtained in the initial equation M1
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M1 A1* (5)

Not required verification:

as expected.

(iii)

(Equation A)

M1 A1

Thus

(Equation B)

Then

M1 A1

That is

(Equation C)
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A+C B gives M1

A1

So

A1 (7)

Not required verification:

as expected.
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9. or alternatively M1 A1

So the extension is . A1* (3)

Displacing a distance towards , will be M1 A1

and thus the tension in will be

M1 A1* (4)

The cosine of the angle between and produced will be

B1

so the equation of motion for , resolving in the direction is

M1 A1 A1 (4)

so

M1 A1
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A1

M1 A1

M1

A1

This is approximately the equation of simple harmonic motion with period

as required. M1 A1*(9)
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10. Resolving upwards along a line of greatest slope initially, if the tension in the string is ,

M1 M1 B1 A1 (4)

Resolving perpendicular to the slope, if the normal contact force is ,

M1 A1 (2)

The particle will not immediately leave the plane if . M1

This is

A1

So

M1

That is

which becomes M1

or, as required, A1* (5)

A necessary condition for the particle to perform a complete circle whilst in contact with the plane is
that the string remains in tension when the particle is at its highest point in the motion. E1

If the speed of the particle at that moment is v , then conserving energy,

M1 A1

and thus

Resolving downwards along a line of greatest slope, if the tension in the string is now ,

B1
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M1

which means that

Thus A1 (6)

As we already have

M1

So

i.e. or, as is required, M1 A1* (3)
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11. (i) Suppose for some constant

Then as , giving B1

As , M1

Separating variables,

M1

So

M1 A1

So

M1 A1

Thus

M1 A1 (9)

(ii) Suppose for some constant

Then giving B1

Again, as ,

M1
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So

M1 A1

Thus M1 A1 (6)

(iii) =

M1

A1 M1 A1

So is larger than A1 (5)
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12. (i) B1

So M1 A1 and M1 A1

So

M1 M1 A1

So by Chebyshev, as required. A1* (9)

(ii) Suppose B1

Then B1 and B1

By Chebyshev,

so let and hence

M1 A1

M1 A1 A1

So M1 A1

and hence A1* (11)
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13. Let , then B1

B1

B1

so the kurtosis of is

which is the same as that for B1* (4)

(i) If then it has pdf

So

M1 A1

By parts,

M1 A1

A1

So the kurtosis is

as required. (5)
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(ii)

M1 A1

where the summation is over all values without repetition.
As the Ys are independent, the expectation of products are products of expectations and as

,

M1

A1* (4)

(iii)

Let then by the first result, the kurtosis of is ,

i.e.

so M1 A1

and

B1
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so the kurtosis of

is

M1

Let

Then we require

which by (ii) is

M1 A1

A1* (7)
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