
Questions

Q1.           

where k is a real constant.

(a)  Find the discriminant of f(x) in terms of k.

(2)

(b)  Show that the discriminant of f(x) can be expressed in the form  (k + a)2 + b, where a and b
are integers to be found.

(2)

(c)  Show that, for all values of k, the equation  f(x) = 0  has real roots.

(2)

(Total 6 marks)

Q2.           

Past records show that the times, in seconds, taken to run 100 m by children at a school can be
modelled by a normal distribution with a mean of 16.12 and a standard deviation of 1.60

A child from the school is selected at random.

(a)  Find the probability that this child runs 100 m in less than 15 s.

(3)

On sports day the school awards certificates to the fastest 30% of the children in the 100 m race.

(b)  Estimate, to 2 decimal places, the slowest time taken to run 100 m for which a child will be
awarded a certificate.

(4)

(Total 7 marks)

Q3.           

The random variable X has a normal distribution with mean 30 and standard deviation 5.

(a) Find P(X < 39).



(2)

(b) Find the value of d such that P(X < d) = 0.1151

(4)

(c) Find the value of e such that P(X > e) = 0.1151

(2)

(d) Find P(d < X < e).

(2)

(Total 10 marks)

Q4.           

A particle moves along the x-axis. At time t = 0 the particle passes through the origin with speed
8 m s−1 in the positive x-direction. The acceleration of the particle at time t seconds, t  is (4t3 −
12t) m s−2 in the positive x-direction.

Find

(a) the velocity of the particle at time t seconds,

(3)

(b) the displacement of the particle from the origin at time t seconds,

(2)

(c) the values of t at which the particle is instantaneously at rest.

(3)

 

(Total 8 marks)

Q5.           

 

A particle P moves on the x-axis. At time t seconds the velocity of P is v m s−1 in the direction of 
x increasing, where

v = 2t2 − 14t + 20,       t ≥ 0

Find

(a)  the times when P is instantaneously at rest,



(3)

(b)  the greatest speed of P in the interval 0 ≤ t ≤ 4

(5)

(c)  the total distance travelled by P in the interval 0 ≤ t ≤ 4

(5)

(Total 13 marks)

Q6.           

Figure 4

A truck of mass 1750 kg is towing a car of mass 750 kg along a straight horizontal road. The two
vehicles are joined by a light towbar which is inclined at an angle θ to the road, as shown in
Figure 4. The vehicles are travelling at 20 m s�1 as they enter a zone where the speed limit is 14
m s−1. The truck's brakes are applied to give a constant braking force on the truck. The distance
travelled between the instant when the brakes are applied and the instant when the speed of
each vehicle is 14 m s−1 is 100 m.

(a)  Find the deceleration of the truck and the car.

(3)

The constant braking force on the truck has magnitude R newtons. The truck and the car also
experience constant resistances to motion of 500 N and 300 N respectively. Given that cos θ =
0.9, find

(b)  the force in the towbar,

(4)

(c)  the value of R.

(4)

(Total 11 marks)

 

Q7.           



Figure 2

Figure 2 shows a flag XYWZX.

The flag consists of a triangle XYZ joined to a sector ZYW of a circle with radius 5 cm and centre 
Y.

The angle of the sector, angle ZYW, is 0.7 radians.

The points X, Y and W lie on a straight line with XY = 7 cm and YW = 5 cm.

Find

(a)  the area of the sector ZYW in cm2,

(2)

(b)  the area of the flag, in cm2, to 2 decimal places,

(3)

(c)  the length of the perimeter, XYWZX, of the flag, in cm to 2 decimal places.

(4)

 

(Total for question = 9 marks)

 

 

Q8.           

(a)  Given –90° < A < 90°, prove that

2cos (A – 30°) secA ≡ tanA + k

where k is a constant to be determined.

(3)

(b)  Hence or otherwise, solve, for –90° < x < 90°, the equation

2cos (x – 30°) = sec x

(Solutions based entirely on graphical or numerical methods are not acceptable.)



(5)

 

(Total for question = 8 marks)

 

 

Q9.           

(a)  Show that the equation

6 cos2x − sin x − 4 = 0

may be written as

6 sin2x + sin x − 2 = 0

(2)

(b)  Hence solve, for −90° ≤ y < 90°, the equation

6 cos2 (2y) − sin (2y) − 4 = 0

giving your answers to one decimal place where appropriate.

(5)

 

(Total for question = 7 marks)

 

Q10.           

Figure 2

Figure 2 shows ABC, a sector of a circle of radius 6 cm with centre A. Given that the size of angle
BAC is 0.95 radians, find

(a) the length of the arc BC,



(2)

(b) the area of the sector ABC.

(2)

The point D lies on the line AC and is such that AD = BD. The region R, shown shaded in Figure
2, is bounded by the lines CD, DB and the arc BC.

(c) Show that the length of AD is 5.16 cm to 3 significant figures.

(2)

Find

(d) the perimeter of R,

(2)

(e) the area of R, giving your answer to 2 significant figures.

(4)

(Total 12 marks)

 

Q11.           

The shape shown in Figure 1 is a pattern for a pendant. It consists of a sector OAB of
a circle centre O, of radius 6 cm, and angle  

. The circle C, inside the sector, touches
the two straight edges, OA and OB, and the arc AB as shown.

Find

(a)  the area of the sector OAB,

(2)



(b)  the radius of the circle C.

(3)

The region outside the circle C and inside the sector OAB is shown shaded in Figure 1.

(c)  Find the area of the shaded region.

(2)

(Total 7 marks)

Q12.           

The triangle XYZ in Figure 1 has XY = 6 cm, YZ = 9 cm, ZX = 4 cm and angle ZXY = a. The point 
W lies on the line XY.

The circular arc ZW, in Figure 1 is a major arc of the circle with centre X and radius 4 cm.

(a)  Show that, to 3 significant figures, a = 2.22 radians.

(2)

(b)  Find the area, in cm2, of the major sector XZWX.

(3)

The region enclosed by the major arc ZW of the circle and the lines WY and YZ is shown shaded
in Figure 1.

Calculate

(c)  the area of this shaded region,

(3)

(d)  the perimeter ZWYX of this shaded region.

(4)

(Total 12 marks)



 

Q13.           

(i)  Solve, for –π < θ ≤ π,

giving your answers in terms of π.

(3)

(ii)  Solve, for 0 ≤ x < 360°,

4cos2x + 7 sin x − 2 = 0

giving your answers to one decimal place.

(Solutions based entirely on graphical or numerical methods are not acceptable.)

(6)

 

(Total for question = 9 marks)

 

Q14.           

Solve, for 0 θ  180°,

2cot2 3θ = 7 cosec 3θ − 5

Give your answers in degrees to 1 decimal place.

(10)

(Total 10 marks)

Q15.           

(a)  Express 4cosec22θ − cosec2θ  in terms of sin θ and cos θ.

(2)

(b)  Hence show that

4cosec22θ − cosec2θ = sec2θ



(4)

(c)  Hence or otherwise solve, for 0 < θ < π,

4cosec22θ − cosec2θ = 4

giving your answers in terms of π.

(3)

(Total 9 marks)

Q16.           

(a)  Use the identity cos2θ + sin2θ = 1 to prove that tan2θ = sec2θ − 1.

(2)

(b)  Solve, for 0 ≤ θ < 360°, the equation

2 tan2θ + 4 sec θ + sec2θ = 2

(6)

(Total 8 marks)

 

Q17.           

(a)  For 
, sketch the graph of y = g(x) where

g(x) = arcsin x     −1 ≤ x ≤ 1

(2)

(b)  Find the exact value of x for which

3g(x + 1) + π = 0

(3)

 

(Total for question = 5 marks)

 

Q18.           



Solve

cosec2 2x − cot 2x = 1

for 0 x  180°.

(7)

(Total 7 marks)

Examiner's Report

Q1.           

Candidates were required to give  (k + 3)2 − 4k  as their answer to part (a). Any x terms included
resulted in zero marks. Some candidates tried to solve  (k + 3)2 − 4k = 0  and this was also not
given any credit in this part.

Most candidates managed to complete the square correctly in part (b) and those starting with  k2

+ 2k + 9  usually arrived at the correct answer for this part. However, several left their solution
as  (k + 3)2 − 4k  thus gaining no credit.

Part (c) was poorly done, with a substantial minority of the candidates not understanding what
the question required. Quite a few realised that the determinant had to be greater than zero, but
didn't know how to show this. M1 A0 was a common mark for those who tried a number of values
for k. Candidates were expected to use their completion of the square and to argue that  (k + 1)2

≥ 0  for all values of k.

A large minority were intent on trying to solve  k2 + 2k + 9 = 0, and concluded that there were
no real roots. They demonstrated some confusion between the values of k and the information
provided by the discriminant. Good candidates scored full marks on this question.

Q2.           

Part (a) was tackled well by the majority of candidates although some were still unsure whether
to give the answer as 0.7580 or 1 − 0.7580. There were a surprising number who mis-read the
16.12 value as 16.2 and lost the final accuracy mark.

In part (b) a number of candidates are still not using the table of percentage points to obtain the
more accurate z value of 0.5244 but, as usual this only incurred a one mark penalty. Those who
standardised and equated to a z value often failed to consider the sign of this value carefully and
obtained the commonly seen answer of 16.96.

Q3.           

Most candidates tried this question and the standardisation in part (a) was usually correct but a



small minority used 25 as the standard deviation. The majority found P(Z < 1.8) correctly but
some gave the answer as 1 − 0.9641 and lost the second mark.

A clear diagram should have helped candidates with the next two parts for many gave answers
to d and e where d > e. In part (b) many started correctly by calculating 1 − 0.1151 and using
the tables to find z = ± 1.2. However only the more alert chose the minus sign and they usually
went on to score full marks in both parts (b) and (c). There were good arguments using the
symmetry of the normal distribution in both parts (c) and (d). Some candidates who made little
progress with (b) or (c) were able to draw a simple diagram in (d) and obtain the correct answer
from 1 − 2×0.1151.

Q4.           

The vast majority of candidates knew that integration was required for parts (a) and (b) and they
performed this competently with only a small minority omitting the constants of integration. A
small number did try to use suvat inappropriately, and one or two differentiated instead of
integrating. Part (c) most candidates knew that they needed to put v = 0 and most of these
recognised the equation as a quadratic in t2 and factorised or sometimes completed the square
to obtain values of 2 and 4 for t2. The final mark was occasionally lost by a failure to reject
negative values of t. Candidates who did not recognise the quartic as a quadratic in t2

sometimes went to considerable lengths to use the factor theorem and/or trial and improvement
to find factors of the quartic, but they rarely reached the correct final answer. Another common
error was to rearrange the equation as t4 − 6t2 = −8 and attempt to set factors of the left hand
side equal to factors of −8.

Q5.           

Fully correct solutions to this question were rare, although most candidates made a correct start
to each part.
Part (a) was usually fully correct.

In part (b) the majority of candidates did not appreciate the subtlety of this question, not
realising the difference between a maximum and a local maximum. Those whose solution was
accompanied by a sketch were most likely to reach a correct solution. Candidates who started by
finding the local minimum velocity (maximum speed) frequently went no further. Candidates
who started by finding values of velocity for different values of time often discarded the negative
values without realising that they needed to be comparing the magnitudes of their values.

In part (c) the difference between displacement and distance was frequently either ignored or
went unrecognised. Despite the hint given by part (a), the majority of candidates did not
consider the actual motion of the particle and did not recognise that the particle was re-tracing
its previous path and that they must split the integral to calculate distance rather than
displacement.

Q6.           

This question provided some much needed discrimination. Part (a) was usually fine but some lost
the final mark for giving a negative answer. In the second and third parts candidates were at
least partially successful but it was very common to see sign errors in the equations of motion.
Some who found T correctly in part (b) then forgot to resolve it in part (c). Another common error
was to include R in the forces acting on the car and not on the truck.



 

Q7.           

(a) This was completed well by the majority of students. A few lost the accuracy mark due to
premature rounding. Working in degrees was generally less successful.

(b) The most common error was correctly finding the area of the triangle but failing to add on
the area of the sector afterwards.

(c) Most students recognised the need for the cosine rule and substituted in the correct values
but here calculator work and early rounding played a part in reducing their scores. The arc
length was usually calculated correctly and the perimeter was usually made up of the correct
parts.

 

 

Q8.           

Part (a) was done very well, since the compound angle formulae are given in the formula book.
Careless bracketing cost marks, when multiplying by secA. Those who wrote as a fraction were
more successful.

Part (b) was poorly attempted – only a select few spotted the connection between this and part
(a). Those candidates who did not make the connection generally scored no marks and those
who did generally scored most of the marks.

Candidates do need to make the connections between parts of the questions, especially with
solving trig equations.

 

 

Q9.           

Most candidates were able to attempt part (a), replacing cos2x by 1 – sin2x and proceeding to
the given answer. Even if they had been unsuccessful, the structure of the question allowed
them to achieve full marks in part (b). Unfortunately there were candidates who either did not
realise the connection between parts (a) and (b) or simply made a sign error in their copying.
Where candidates correctly solved the trigonometric quadratic equation, many found only one
positive solution, or one pair of solutions, rather than all four required solutions. Candidates
using a CAST diagram were less successful at solving sin2y=–2/3

 

Q10.           



Most candidates were able to display their knowledge of trigonometry and circles here and a
substantial group (44%) achieved full marks. Among the others, greater clarity in their responses
would have helped their own working and not led to lost marks. A few were reluctant to work in
radians, particularly in part (c), but generally worked correctly in degrees.

Parts (a) and (b) were almost always correct, though some candidates lost the  in the formula
for area.

Part (c) was attempted in a wide variety of ways. The most common approach was to use the
Sine rule, having first found that the third angle of triangle ADB is 1.24 radians. This was
generally successful. However there were a few cases seen of angle (2  − 2x) × 0.95 and there
was some confusion as to which were the equal angles of the isosceles triangle. Others used
trigonometry in the right-angled triangle which is half of triangle ADB, getting a successful result
from AD = 

.Those who attempted the Cosine rule in triangle ADB could achieve a correct
answer but sometimes attempted a verification method. Answers to part (c) were often
disappointing, partly from poor algebra and from a lack of clarity in the symbols used and
confusion about the equal sides. As this was a 'show that' question, there appeared to be a
temptation for some to hope that the examiner would not notice incorrect working.

In part (d), where perimeter was needed, a few slips were seen, but most were able to achieve
the required result. Many were able to find the correct area in part (e) by using the difference
between the area of the sector and of the triangle ADB. Lack of clarity was a problem where
errors occurred, since scripts mostly said 'the area of the triangle' and it was not always clear
whether ADB or ABC was intended. Some approached the problem by using area of the segment
+ area of triangle BDC. This was usually successful. Errors sometimes occurred when finding
angles in triangle BDC. Lack of clarity again caused difficulties. A minority of candidates
assumed that this was a normal 'area of segment' question, without looking properly at the
question, but this was fairly rare.

Q11.           

Part (a) was well answered with the vast majority of candidates using the correct sector
formula 

 or perhaps finding a fraction πr2. Occasionally an incorrect formula
was quoted. Often the exact answer 6π was given, but otherwise rounding errors were
rare. Only a few candidates attempted to convert θ to degrees.

Surprisingly, for a question which only required knowledge of GCSE work, part (b)
proved to be the worst answered question on the paper. Although a good number of
candidates realised the question was a combination of circle properties with
trigonometry, only a small number of these were able to proceed successfully by writing
down a correct equation for a right-angled triangle. It is disappointing at this level to see
a number of candidates who used the sine rule, and even the cosine rule, when dealing
with right-angled triangles. There were however, neat, succinct solutions from some
good candidates, and a few correct solutions using more complicated strategies. There
were occasional correct solutions using the ratios of the edges of a 30°, 60°, 90° triangle
but many complicated, incorrect methods were often seen. While many candidates left
this part blank, some resorted to guessing the value of r. A number of candidates
correctly guessed that r was 2 and other common wrong guesses were 1.5 and 3. There
were many wrong answers for r, some of which gave the area of the circle greater than
the sector area found in part (a); a problem when it came to answering part (c).

After failing to answer part (b), many candidates ignored part (c), but others were able



to gain a mark by using an incorrect value for r or by indicating their intended method
of "their sector area − π r2". Premature rounding sometimes led to the loss of the final
mark.

Q12.           

In (a) the majority of candidates could establish the printed angle by using the cosine rule. Some
candidates chose to verify that the angle was 2.22 radians by again using the cosine rule to
show that ZY was 9 cm. A small number of candidates worked in degrees and converted to
radians at the end.

(b) involved finding the area of the major sector XZWX but many candidates found the area of
the minor sector. As an alternative correct method some candidates found the area of the minor
sector and subtracted this from the area of the circle. Some candidates found the area of
triangle ZXY and a minority of candidates made some attempt at the area of a segment.

In (c), candidates recognised they needed to find the area of triangle ZXY and add the area from
(b). It was clear here that those with an incorrect (b) did not understand the expression 'major
sector' as they were able to score all the marks in (c).

(d) was met with more success although a common error was to add 11 to the minor arc length.
Some candidates misinterpreted the perimeter and as a final step, added an attempt at the
length ZW.

 

Q13.           

This trigonometry question was answered well by many students. A fair number gained full
marks, with a similar number losing only one or two marks. Unfortunately, however there were
some who gained no marks on this question.

Part (i) should have been an accessible three marks but a number of students only got the first
mark for correctly rearranging the equation to give cos 

. A mixture of graphs and
CAST diagrams were seen and students who used the CAST diagram to find additional solutions
usually fared better than those who attempted the graphical method. A small minority of
students attempted the use of general formulae to find solutions.

Some re-arranged the equation to cos 
 = – 

 and were unable to gain any further marks.
A number of students worked in degrees but failed to convert back to radians for the final two
marks. Common mistakes included subtracting 

 from their principal value instead of adding
and many students found only one answer, usually 

.

Part (ii) was answered well with most students replacing cos2x with 1 – sin2x and proceeding to a
correct three term quadratic. They then mostly went on to factorise and solve the quadratic
correctly to obtain sin x = –  and sin x = 2. Some used the formula and some students



introduced a dummy variable to replace sin x in order to solve their quadratic. However, it was
not uncommon to see students defining x to replace sin x instead of introducing a different
variable and then becoming confused when they had solutions to their quadratics, believing
these to be their final answers and so not using arcsin.

Many had difficulty finding the required range of solutions which were in the third and fourth
quadrants. A significant number found one solution but had an incorrect one as the second. As
always, some lost a mark for including extra solutions inside the range. Rounding errors also lost
the final accuracy mark in some cases.

 

Q14.           

This was another demanding question for the weaker candidate although many fully correct
solutions were seen. A lack of understanding was seen by some who thought that cosec(3θ)
could be replaced by 3cosec(θ), or the 3θ could be ignored altogether. Other costly errors were
seen by candidates who replaced the cosec(3θ) incorrectly with 1 + cot (3θ). However
candidates were able to use some form the identity cot2 3θ= (cosec23θ − 1) to form a valid
quadratic equation in cosec(3θ). A few chose to use cot3θ = 

 together with cosec3θ = 
 and usually went on to obtain a correct equation in sin3θ. Correct factorisation leading to 
cosec(3θ) = 3 or sin3θ =  was almost always obtained, gaining the first 4 marks. There were
occasional sign errors in factorisation and a few cases of cosec(3θ) replaced by 

. The
invalidity of cosec(3θ) =  was almost universally recognised, and in general candidates who
reached the stage of cosec(3θ) = 3 were able to obtain at least one correct value for θ. About
half the candidates getting to this stage went on to obtain 4 correct solutions. The others often
gave 2 or 3 correct solutions. Mistakes at this stage included neglecting to divide by 3, thus
giving solutions for 3θ instead of θ.

Q15.           

This question proved to be the most demanding on the paper and served to identify the more
able candidates.

Part (a) was intended to help the candidates gain an insight into how the identity could be
shown. A mark for 1/sin2θ was almost always gained, but the 4cosec22θ term caused more
problems. Some candidates made no attempt to write the identity in just terms of sinθ and cosθ
but were content in leaving their answer in terms of sin2θ. A sizeable number of candidates
incorrectly wrote sin22θ as 2sin2θcos2θ, and as a result struggled to proceed.

In part (b), attempts to combine their expression using a common denominator were generally
well done. Unless part (a) was done correctly however, this was as far as most reached. The
standard of writing out the 'proof' of an identity is improving, but still requires further attention
to detail. Many candidates jump important stages in the working, with little or no explanation eg;

does not explain step 2 to step 3.



Part (c) was generally well answered by candidates although a large number demonstrated an
inability to include the negative square root and as a result only found one of the two solutions.

Q16.           

In part (a), the majority of candidates started with cos2θ + sin2θ = 1 and divided all terms by
cos2θ and rearranged the resulting equation to give the correct result. A significant minority of
candidates started with the RHS of sec2θ − 1 to prove the LHS of tan2θ by using both 

 and   There were a few candidates, however, who used more elaborate and
less efficient methods to give the correct proof.

In part (b), most candidates used the result in part (a) to form and solve a quadratic equation in
secθ and then proceeded to find 120° or both correct angles. Some candidates in addition to
correctly solving sec θ = −2 found extra solutions by attempting to solve  usually by
proceeding to write   leading to one or two additional incorrect solutions. A significant
minority of candidates, however, struggled or did not attempt to solve sec θ = −2.

A significant minority of candidates used 

 and  sin2θ = 1 − cos2θ  to achieveboth
answers by a longer method but some of these candidates made errors in multiplying both sides
of their equation by cos2θ.

 

Q17.           

Most students scored at least one mark in part (a). Students were able to sketch a curve passing
through the origin in quadrants one and three only. A more demanding aspect was the curvature
of the graph with many sketches looking linear or appearing more like sin x rather than having
gradients that tended to infinity at either end.

In part (b) many students were able to substitute g(x + 1) = arcsin (x + 1) and then make arcsin
(x + 1) the subject. However, many omitted brackets at this stage. Evaluating sin 

 did not
cause significant problems for some, who then were able to go on to make x the subject of their
equation. A significant problem was caused by solutions with incorrect or ambiguous signs. For
example, it was not often clear if the student meant 

 due to the minus sign
being poorly positioned. In this question leaving the answer in the form 

 avoided any
potential confusion.

 

Q18.           

Weaker candidates struggled with this unstructured trigonometry problem and therefore it was
common for examiners to see many unsuccessful attempts at this question. A significant number



of candidates either did not remember or were not able to derive the identity cosec2θ = 1 +
cot2θ . Some candidates could not use this identity to write down an identity for an angle of 2x.
Some candidates incorrectly deduced that cosec2 2x = 2 + cot2 2x .

A significant minority of candidates decided to work in sines and cosines, but only a few of these
managed to get beyond the equation 1 − sin 2x cos 2x = sin2 2x. Some of these candidates then
proceeded to use double angle formulae resulting in an extraordinarily complicated equation
involving sin 4x, which they struggled to solve.

Those candidates who obtained a quadratic equation in cot 2x were usually able to solve it to
obtain the two values for cot 2x as 0 or 1. Virtually all of these candidates, however, thought that
it was impossible for cot 2x = 0 to have any solutions. Those candidates who rewrote cot 2x = 0
as  = usually found both solutions of x = 45° and x = 225°.
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