Confidence intervals [53 marks]

1. [Maximum mark: 5] SPM.1.AHL.TZ0.9
A manager wishes to check the mean mass of flour put into bags in his factory.
He randomly samples 10 bags and finds the mean mass is 1.478 kg and the
standard deviation of the sample is 0.0196 kg.

(@) Find s,,_1 for this sample. [2]

(b) Find a 95 % confidence interval for the population mean, giving
your answer to 4 significant figures. [2]

(0) The bags are labelled as being 1.5 kg mass. Comment on this
claim with reference to your answer in part (b). [1]

2. [Maximum mark: 6] 23M.1.AHL.TZ2.15
A random sample of eight packets of Apollo coffee granules are selected from a
supermarket shelf.

The weights of the coffee granules present in each packet are as follows:

222g 226g 221g 228¢ 227g 225g 222g 223g

(a.i)  Find an unbiased estimate for the mean weight of coffee
granulesin a packet of Apollo coffee. [1]

(aii) Calculate a 95% confidence interval for the population mean.
Give your answer to four significant figures. [2]

(b) State one assumption you have made in order for your interval
to be valid. [1]

(c) The label of each packet has a description which includes the
phrase:“contains 226 g of coffee granules”.



Using your answer to part (a)(ii), briefly comment on the claim

on the label. [2]

[Maximum mark: 6] 21M.1.AHL.TZ2.10
A manufacturer of chocolates produces them in individual packets, claiming to
have an average of 85 chocolates per packet.

Talha bought 30 of these packets in order to check the manufacturer’s claim.

Given that the number of individual chocolates is &, Talha found that, from his

30 packets, Xz = 2506 and X2 = 209738.

(@)  Findanunbiased estimate for the mean number (,LL) of
chocolates per packet. [1]

2 (Sx)?

(b) ) S22

Use the formula 87, | = ————"— to determine an
n—1

unbiased estimate for the variance of the number of chocolates

per packet. [2]
() Find a 95% confidence interval for J.You may assume thatall
conditions for a confidence interval have been met. (2]

(d) Suggest, with justification, a valid conclusion thatTalha could
make. [1]

[Maximum mark: 12] 22M.2.AHL.TZ2.5
A geneticist uses a Markov chain model to investigate changes in a specific gene

in a cell asitdivides. Every time the cell divides, the gene may mutate between

its normal state and other states.

The model is of the form



(Xn—H) _ M(Xn)
Zn—l—l Zn

where X, is the probability of the gene being in its normal state after dividing
forthe nth time, and Z,, is the probability of it being in another state after
dividing for the nth time, wheren € N,

0.94 b
Matrix M isfound to be ( )

0.06 0.98
(a.i)  Write down the value of b. [1]
(a.ii) What doesbrepresentin this context? [1]
(b)  Find the eigenvalues of M. [3]
(c) Find the eigenvectors of M. [3]

The geneisin its normal state when . = (. Calculate the probability of it being
in its normal state

(d.i) whenn = b. [2]
(d.ii) inthelong term. [2]
[Maximum mark: 18] 23N.2.AHL.TZ0.5

The following diagram is a map of a group of four islands and the closest
mainland.Travel from the mainland and between the islands is by boat. The
scheduled boat routes between the ports A, B, C, D and E are shown as
dotted lines on the map.



Let the undirected graph G represent the boat routes between the ports A, B,

C.DandE.
(a) DrawgraphG. [1]

(b) Graph GG can be represented by an adjacency matrix P, where
the rows and columns represent the ports in alphabetical order.

(b.i) (0 1 2 4 1\
2 5 a
Giventhat P> = |2 5 4 6 5 |,findthevalueofa.
4 a 6 4 6
\1 2 5 6 2/ 2

(b.ii) Hence, write down the number of different ways that someone
could start at port B and end at port C, using three boat route
journeys. [1]

(0 Find a possible Eulerian trail in 7 , starting at port A.. [2]



The cost of a journey on the different boat routes is given in the following table;
all prices are given in USD.The cost of a journey is the same in either direction
between two ports.

Sofia wants to make a trip where she travels on each of the boat routes at least
once, beginning and ending at port A..

(d) Find the minimum cost of Sofia’s trip. [3]
The boat company decides to add an additional boat route to make it possible to
travel on each boat route exactly once, starting and ending at the same port.
(ei) Ildentify between which two ports the additional boat route
should be added. [1]

(e.ii) Determine the cost of the additional boat route such that the
overall cost of the trip is the same as your answer to part (d). [1]

The boat company plans to redesign which ports are connected by boat routes.
Theiraimis to have a single boat trip that visits all the islands and minimizes the
total distance travelled, starting and finishing at the mainland, A.

The following table shows the distances in kilometres between the ports A B,

C,DandE.



(fi)  Usethe nearest neighbour algorithm to find an upper bound
for the minimum total distance. [3]

(fii)  Use the deleted vertex algorithm on port A to find a lower
bound for the minimum total distance. [4]

[Maximum mark: 6] EXN.1.AHL.TZ0.7
The position of a helicopter relative to a communications tower at the top of a
mountain at time ¢ (hours) can be described by the vector equation below.

20 4.2
r=|-25]+t]| 5.8
0 —0.5

The entries in the column vector give the displacements east and north from the
communications tower and above/below the top of the mountain respectively,
all measured in kilometres.

(a) Find the speed of the helicopter. [2]

(b) Find the distance of the helicopter from the communications
toweratt = 0. [2]

() Find the bearing on which the helicopteris travelling. [2]
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