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Questions
 



Q1.           

(a)  Express 2cosθ – sinθ in the form Rcos(θ + a), where R and a are constants, R > 0 and 0 < a
90° Give the exact value of R and give the value of a to 2 decimal places.

(3)

(b)  Hence solve, for 0 ≤ θ < 360°,

Give your answers to one decimal place.

(5)

(c)  Use your solutions to parts (a)  and (b)  to deduce the smallest positive value of θ for which

Give your answer to one decimal place.

(2)

 

(Total for question = 10 marks)

 

 

Q2.           

The rate of decay of the mass of a particular substance is modelled by the differential equation

where x is the mass of the substance measured in grams and t is the time measured in days.

Given that x = 60 when t = 0,

(a)  solve the differential equation, giving x in terms of t. You should show all steps in your
working and give your answer in its simplest form.

(4)

(b)  Find the time taken for the mass of the substance to decay from 60 grams to 20 grams.

Give your answer to the nearest minute.

(3)



 

(Total for question = 7 marks)

 

 

Q3.           

Figure 1 shows a sketch of part of the curve with equation y = x2 ln x, x ≥ 1

The finite region R, shown shaded in Figure 1, is bounded by the curve, the x-axis and the line x
= 2

The table below shows corresponding values of x and y for y = x2 ln x

(a)  Complete the table above, giving the missing value of y to 4 decimal places.

(1)

(b)  Use the trapezium rule with all the values of y in the completed table to obtain an estimate
for the area of R, giving your answer to 3 decimal places.

(3)

(c)  Use integration to find the exact value for the area of R.

(5)

 

(Total for question = 9 marks)



 

 

Q4.           

With respect to a fixed origin O, the line l1 is given by the equation

where μ is a scalar parameter.

The point A lies on l1 where μ = 1

(a)  Find the coordinates of A.

(1)

The point P has position vector 

.

The line l2 passes through the point P and is parallel to the line l1

(b)  Write down a vector equation for the line l2

(2)

(c)  Find the exact value of the distance AP.

Give your answer in the form k  , where k is a constant to be determined.

(2)

The acute angle between AP and l2 is θ.

(d)  Find the value of cosθ

(3)

A point E lies on the line l2
Given that AP = PE,

(e)  find the area of triangle APE,

(2)

(f)  find the coordinates of the two possible positions of E.

(5)



 

(Total for question = 15 marks)

 

 

Q5.           

A car of mass 800kg is moving on a straight road which is inclined at an angle θ to the
horizontal, where sin θ = 

. The resistance to the motion of the car from non-gravitational
forces is modelled as a constant force of magnitude R newtons. When the car is moving up the
road at a constant speed of 12.5ms–1, the engine of the car is working at a constant rate of 3P
watts. When the car is moving down the road at a constant speed of 12.5ms–1, the engine of the
car is working at a constant rate of P watts.

(a)  Find

(i)  the value of P,

(ii)  the value of R.

When the car is moving up the road at 12.5ms–1 the engine is switched off and the car comes to
rest, without braking, in a distance d metres. The resistance to the motion of the car from
non-gravitational forces is still modelled as a constant force of magnitude R newtons.

(b)  Use the work-energy principle to find the value of d.

(4)

 

(Total for question = 4 marks)

 

 

Q6.           



The uniform lamina OBC is one quarter of a circular disc with centre O and radius 4m. The points
A and D, on OB and OC respectively, are 3 m from O. The uniform lamina ABCD, shown shaded
in Figure 1, is formed by removing the triangle OAD from OBC.

Given that the centre of mass of one quarter of a uniform circular disc of radius r is at a distance r from the centre of the disc,

(a)  find the distance of the centre of mass of the lamina ABCD from AD.

(5)

The lamina is freely suspended from D and hangs in equilibrium.

(b)  Find, to the nearest degree, the angle between DC and the downward vertical.

(4)

 

(Total for question = 9 marks)

 

Examiner's Report
 

Q1.           

In part (a) the majority of students found R and α correctly. The most frequent error was in
stating tan α = −  or occasionally tan α = 2. In just a few responses, a decimal value rather than
a surd was given for R losing the last mark.

A majority of students scored 3 or 4 marks out of 5 on part (b). A common error was the lack of
accuracy in calculations, with answers of 32.9 (rather than 33.0) commonly seen. Many students
were able to successfully find a second solution to the given equation.



Part (c) proved to be discriminating with only a small minority of students being successful.
Having solved part (b) by going from cos (θ + 26.57) = 0.5068 to θ + 26.57 = 59.54 to θ =
59.54 − 26.57, it was hoped that for part (c) we would see students go from cos (θ − 26.57) =
0.5068 to θ = 59.54 + 26.57. However, most correct answers came from a total restart and
students therefore undertaking a great deal of work. One common error was to state the
smallest answer in part (b) with little or no working, assuming that the equation in part (c) was
the same as that in part (b). Another error was to somehow attempt to use the minimum or
maximum values of the cosine function, sometimes using –1 in any way possible.

 

 

Q2.           

This question on the topic of differential equations discriminated well across students of all
abilities.

In part (a), the majority of students separated the variables correctly to give 
 and

integrated both sides to give a correct equation containing a constant of integration. A minority
who separated their variables to obtain either 

 made little
progress with the rest of the question. Although the majority of students used t = 0, x = 60 to
find the value of their constant of integration, some wrote their final answer as ln x = –

t + ln60
without progressing to make x the subject whilst others used incorrect algebraic manipulation to
obtain a final answer of x = 

+ 60.

Those students who obtained either x = 60
or ln x = – 

t + ln60 in part (a) were often able to
complete part (b) successfully, with most converting their time in days to a time in minutes,
although some made rounding errors. Although most students substituted x = 20 into their part
(a) equation there were a minority who substituted x = 40 after misunderstanding the question
posed in part (b).

 

 

Q3.           

The majority of students found part (a) and part (b) to be accessible and gained full marks. In
part (a), it was extremely rare to see anything other than 0.6595 for the missing value, with
occasionally a few students writing 0.6594. The application of the trapezium rule was usually
correct and the final answer usually rounded to 3 decimal places. Errors seen included the use of
an incorrect multiplier of  or  or a missing/extra term in the bracket. Some miscalculated their
answer from a correctly written expression for the approximate area. It was rare for students to
find the approximate area as a sum of separate trapezia.



In part (c) most students recognised that integration by parts was required and this was often
completed correctly. Some students labelled u and 

 the wrong way round and a common
error was to integrate x2 to give 2x. Following the first stage of integration by parts, some
students attempted to integrate 

. 
 using 'by parts' a second time rather than simplifying this

expression first to give 
. Other students incorrectly obtained 

 after integrating 
. Whilst

the majority applied the limits of 2 and 1 correctly and subtracted the correct way round to give
a correct exact answer of 

, some used a lower limit of 0 or made bracketing or sign
errors whilst others gave a decimal answer to varying degrees of accuracy including some who
possibly believed that an answer of 1.070614704 was exact.

 

 

Q4.           

This question on the topic of vectors discriminated well across students of all abilities. Students
generally scored well on part (a) to part (d) with parts part (e) and part (f) proving to be effective
discriminators.

In part (a), most students substituted μ = 1 into l1 to find the correct coordinates of A.

In part (b), most students used the information given in the question to write down a correct
equation for l2 , but some students were penalised for writing an expression for l2 rather than an
equation for l2.

In part (c) most students used correct algebra to find an expression for  and used Pythagoras
to calculate the length of this vector. A small number, however, stopped after finding (the
vector) .

In part (d), the majority of students applied the dot product formula between  and the
direction vector of l2 and found cosθ = 

. Some students, however, who applied the dot product
formula between  and the direction vector of l2 found cosθ = – 

, but only a few then argued
that cosθ = 

 because the angle θ is acute. Other students lost the final mark in part (d) by
finding θ as 36.87° without making reference to cosθ = 

. A minority of students applied the dot
product formula between a pair of non-relevant vectors which sometimes included  or 8i
+ j – 3k.

Many students struggled to make progress in part (e) and part (f). Successful solutions almost
always followed a good diagram of the situation and students need to be encouraged to set out



the given information in such a form before attempting to write up their solution.

In part (e), the area of a triangle APE was usually found using 
 with students using

their answers to part (c) and part (d). Some students incorrectly assumed triangle APE was
right-angled and applied the formula . Part (f) was often not attempted. Students
who formed an appropriate equation in λ also usually knew how to use their values of λ to find
the coordinates of the two possible positions of E. Some errors were made with the algebraic
solution of their equation in λ and some arithmetical errors were made in calculating the possible
coordinates of E.

 

 

Q5.           

The quality of the responses to this question was generally very good and showed that many
students had a good understanding of Power, Energy and Work. (a) The majority of students
wrote down correct equations for the motion of the car up and down the road. Most errors were
due to sign confusion in the equation for the motion down the road - two separate diagrams
were often the key to success here. Some students used the powers 3P and P as their driving
forces, but most students were able to use P = Fv correctly in their equations and go on to solve
for P and R. A number of algebraic errors occurred in solving the simultaneous equations. Some
students lost the final accuracy mark because they never expressed their final answers as exact
multiples of g or to 2 or 3 significant figures.

(b) Most students tackled this part of the question successfully. The most common error in the
work-energy equation was to account for work done against gravity in addition to the change in
GPE, meaning that the equation contained an extra term. A few students omitted the work done
against R or created a dimensionally incorrect expression by omitting the distance in their term
for work done against R. The final accuracy mark was lost by some students for not rounding
their final answer to 2 or 3 significant figures. A small number of students scored no marks,
despite finding the correct distance, because they did not follow the instruction to "use the
work-energy principle".

 

 

Q6.           

(a) Students who adopted a standard structured approach to this question with masses and clear
calculations of distances of centres of mass from named lines were generally more successful
than students who went direct to forming an attempted moments equation. There were a
surprising number of errors in finding the areas of the triangle and quarter circle. The formula
was given for the position of the centre of mass of the sector, but some students preferred to
work from the formula given in the formula booklet. Some students found the geometry of the
triangle challenging and there were many errors in finding the position of its centre of mass.
Most students worked from an axis through O and adjusted their answer to find the required
distance. Those students who used AD as their axis were more likely to make sign errors in their
moments equation.



(b) Most students used their answer from part (a) correctly to find a relevant angle. Some
students stopped at this point, but the majority went on to use a correct method to find the
required angle. A clearly labelled diagram was very helpful here. Some students did not notice
that the question asked for the answer to be given to the nearest degree.
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