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Mathematics: applications and interpretation
Higher level
Paper 2

Instructions to candidates

 y Do not open this examination paper until instructed to do so.
 y A graphic display calculator is required for this paper.
 y Answer all the questions in the answer booklet provided.
 y Unless otherwise stated in the question, all numerical answers should be given exactly or 

correct to three significant figures.
 y A clean copy of the mathematics: applications and interpretation formula booklet is 

required for this paper.
 y The maximum mark for this examination paper is [110 marks].
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Answer all questions in the answer booklet provided. Please start each question on a new page. 
Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Solutions found from a graphic display calculator should 
be supported by suitable working. For example, if graphs are used to find a solution, you should sketch 
these as part of your answer. Where an answer is incorrect, some marks may be given for a correct 
method, provided this is shown by written working. You are therefore advised to show all working.

1. [Maximum mark: 15]

A farmer owns a field in the shape of a triangle ABC such that   AB = 650 m  ,   AC = 1005 m   
and   BC = 1225 m  .

diagram not to scale
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(a) Find the size of AĈB. [3]

The local town is planning to build a highway that will intersect the borders of the field at 
points D and E, where  DC = 210 m  and   CÊD = 100   , as shown in the diagram below.

diagram not to scale
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(b) Find DE. [3]

The town wishes to build a carpark here. They ask the farmer to exchange the part of the 
field represented by triangle DCE. In return the farmer will get a triangle of equal area ADF, 
where F lies on the same line as D and E, as shown in the diagram above.

(c) Find the area of triangle DCE. [5]

(d) Estimate DF. You may assume the highway has a width of zero. [4]



– 3 –

M21/5/MATHY/HP2/ENG/TZ2/XX

2221 – 7212

Turn over

2. [Maximum mark: 16]

It is known that the weights of male Persian cats are normally distributed with mean 6.1 kg 
and variance   0.5   2   kg   2  .

(a) Sketch a diagram showing the above information. [2]

(b) Find the proportion of male Persian cats weighing between 5.5 kg and 6.5 kg. [2]

A group of 80 male Persian cats are drawn from this population.

(c) Determine the expected number of cats in this group that have a weight of less  
than 5.3 kg. [3]

The male cats are now joined by 80 female Persian cats. The female cats are drawn 
from a population whose weights are normally distributed with mean 4.5 kg and standard 
deviation 0.45 kg.

(d) Ten female cats are chosen at random.

(i) Find the probability that exactly one of them weighs over 4.62 kg.

(ii) Let  N  be the number of cats weighing over 4.62 kg.

Find the variance of  N . [5]

A cat is selected at random from all 160 cats.

(e) Find the probability that the cat was female, given that its weight was over 4.7 kg. [4]
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3. [Maximum mark: 15]

A hollow chocolate box is manufactured in the form of a right prism with a regular hexagonal 
base. The height of the prism is  h cm, and the top and base of the prism have sides of 
length  x cm.

diagram not to scale
x

h

x

(a) Given that   sin 60   =    √ 
_

 3   ___ 2    , show that the area of the base of the box is equal to     3 √ 
_

 3   x   2  _____ 2    . [2]

(b) Given that the total external surface area of the box is 1200 cm2, show that the volume 
of the box may be expressed as   V = 300 √ 

_
 3   x −   9 __ 4    x   3   . [5]

(c) Sketch the graph of    V = 300 √ 
_

 3   x −   9 __ 4    x   3    , for   0 ≤ x ≤ 16  . [2]

(d) Find an expression for     dV ___ dx    . [2]

(e) Find the value of  x  which maximizes the volume of the box. [2]

(f) Hence, or otherwise, find the maximum possible volume of the box. [2]
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4. [Maximum mark: 18]

In a small village there are two doctors’ clinics, one owned by Doctor Black and the other 
owned by Doctor Green. It was noted after each year that 3.5 % of Doctor Black’s patients 
moved to Doctor Green’s clinic and 5 % of Doctor Green’s patients moved to Doctor Black’s 
clinic. All additional losses and gains of patients by the clinics may be ignored.

At the start of a particular year, it was noted that Doctor Black had 2100 patients on 
their register, compared to Doctor Green’s 3500 patients.

(a) Write down a transition matrix  T  indicating the annual population movement 
between clinics. [2]

(b) Find a prediction for the ratio of the number of patients Doctor Black will have, 
compared to Doctor Green, after two years. [2]

(c) Find a matrix  P , with integer elements, such that   T = PD P   −1   , where  D  is a 
diagonal matrix. [6]

(d) Hence, show that the long-term transition matrix    T    ∞    is given by    T    ∞  =   
⎛
 ⎜ 

⎝
   
  10 ___ 17  

  
  10 ___ 17  

  
  7 ___ 17  

  
  7 ___ 17  

  
⎞
 ⎟ 

⎠
     . [6]

(e) Hence, or otherwise, determine the expected ratio of the number of patients 
Doctor Black would have compared to Doctor Green in the long term. [2]



– 6 –

M21/5/MATHY/HP2/ENG/TZ2/XX

2221 – 7212

5. [Maximum mark: 14]

Hank sets up a bird table in his garden to provide the local birds with some food. Hank notices 
that a specific bird, a large magpie, visits several times per month and he names him Bill. Hank 
models the number of times per month that Bill visits his garden as a Poisson distribution with 
mean 3.1.

(a) Using Hank’s model, find the probability that Bill visits the garden on exactly four 
occasions during one particular month. [1]

(b) Over the course of 3 consecutive months, find the probability that Bill visits the garden:

(i) on exactly 12 occasions.

(ii) during the first and third month only. [5]

(c) Find the probability that over a 12-month period, there will be exactly 3 months when 
Bill does not visit the garden. [4]

After the first year, a number of baby magpies start to visit Hank’s garden. It may be 
assumed that each of these baby magpies visits the garden randomly and independently, 
and that the number of times each baby magpie visits the garden per month is modelled by 
a Poisson distribution with mean 2.1.

(d) Determine the least number of magpies required, including Bill, in order that the 
probability of Hank’s garden having at least 30 magpie visits per month is greater  
than 0.2. [4]
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6. [Maximum mark: 15]

A particle P moves along the  x-axis. The velocity of P is   v m  s   −1    at time  t  seconds, where   
v = −2t   2   +    16t − 24   for   t ≥ 0  .

(a) Find the times when P is at instantaneous rest. [2]

(b) Find the magnitude of the particle’s acceleration at 6 seconds. [4]

(c) Find the greatest speed of P in the interval   0 ≤ t ≤ 6  . [2]

(d) The particle starts from the origin O. Find an expression for the displacement of  
P from O at time  t  seconds. [4]

(e) Find the total distance travelled by P in the interval   0 ≤ t ≤ 4  . [3]
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7. [Maximum mark: 17]

Consider the following system of coupled differential equations.

    dx ___ dt   = −4x 

    dy ___ dt   = 3x − 2y 

(a) Find the eigenvalues and corresponding eigenvectors of the matrix     (   − 4  0  3  
− 2  )     . [6]

(b) Hence, write down the general solution of the system. [2]

(c) Determine, with justification, whether the equilibrium point (0 ,   0) is stable or unstable. [2]

(d) Find the value of     dy ___ dx  

(i) at (4 ,   0).

(ii) at (−4 ,   0). [3]

(e) Sketch a phase portrait for the general solution to the system of coupled differential 
equations for  −6 ≤ x ≤ 6 ,  −6 ≤ y ≤ 6 . [4]
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