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Additional Materials: Electronic Calculator

READ THESE INSTRUCTIONS FIRST

An answer booklet is provided inside this question paper. You should follow the instructions on the front cover 
of the answer booklet. If you need additional answer paper ask the invigilator for a continuation booklet.

Answer all the questions.
Show your working. Marks may be awarded for correct steps towards a solution, even if the final answer is not 
correct. Marks may be lost if working needed to support an answer is not shown.
Calculators should be used where appropriate.

The number of marks is given in brackets [ ] at the end of each question or part question.
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1 Barry needs to send some documents to Marcia. He decides to send the documents as email 
attachments. He can attach up to 5 files to each email, and the total file size of all the attachments 
on any one email must not be larger than 15.0 megabytes (MB).

 Barry needs to send 8 files, which are of the following exact sizes in MB:

1.1, 1.5, 1.6, 2.1, 3.2, 4.6, 6.5, 8.7

 He realises that he can send all 8 files attached to just two emails.

 (a) Give an example of which file sizes could go together attached to each of the two emails to 
achieve this. [2]

 Barry sends these 8 files to Marcia, but Marcia notices that the files contain some mistakes. 
She asks Barry to correct these mistakes and then send her all 8 corrected files. Once Barry 
has corrected the files, two of them increase in size and one decreases in size. The 4.6 MB file 
becomes 5.0 MB, the 1.1 MB file becomes 1.4 MB, and the 2.1 MB file becomes 1.8 MB.

 (b) Is it still possible for Barry to send all 8 files attached to just two emails? Justify your answer.
 [1]

 Marcia now makes some changes to Barry’s files and then needs to return them to Barry. 
Like Barry, she can attach up to 5 files to each email, but for Marcia the total file size of all the 
attachments on any one email must be no larger than 10.0 megabytes (MB).

 The 8 files now have the following exact sizes in MB:

2.7, 4.5, 4.5, 4.5, 5.3, 6.4, 7.9, 8.1

 (c) What is the smallest number of emails which Marcia can use to send all 8 files to Barry? Give 
an example of which file sizes could go together attached to each email to achieve this. [2]

 Barry has one large document to send to Marcia, which he decides to print on paper and send 
through the post. The printed document consists of 350 sheets of paper. Barry is considering how 
to post the document so that the total cost of the envelopes and the postage is as low as possible. 
He will use only one size of envelope and needs to buy these first.

 The table shows the capacity (maximum number of sheets) and costs for each of the sizes of 
envelope that Barry can choose from.

Size Capacity
Cost

(per envelope)

Fixed postage cost

per envelope

for up to 40 sheets

Additional postage cost

per extra sheet

Small 50 $0.50 $4 $0.03

Medium 80 $0.70 $5 $0.02

Large 120 $1.60 $10 $0.01

 (d) What is the lowest possible total cost for Barry to send his document to Marcia? [5]
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2 Joshua is a taxi driver who is considering working only on Fridays, doing a 12-hour shift from 
08:00 to 20:00. He is permitted to collect passengers from the railway station only. He collects a 
passenger, drives them to their destination, and returns to the station to collect the next passenger.

 For each journey Joshua plans to charge a fixed fare of $2, plus $1 per kilometre of journey 
distance from the railway station to the passenger’s destination. His fuel costs are $0.20 per 
kilometre that he drives his taxi (including the return journey to the station). His profit for that 
passenger is the difference between the fare he charges and his fuel costs.

 (a) Show that Joshua’s profit for a journey distance of 10 km will be $8. [1]

 (b) For what journey distance would Joshua make a profit of $14? [2]

 Joshua wants to estimate how much profit he will make in one 12-hour shift. He assumes an 
average journey distance of 10 km and an average speed of 40 km/h. He ignores the time taken for 
passengers getting in and out of the taxi and assumes that there are always passengers waiting at 
the station.

 (c) How much profit does Joshua estimate for a 12-hour shift? [2]

 (d) Would Joshua estimate more profit or less profit if he assumed an average journey distance 
of 20 km instead of 10 km? Justify your answer. [1]

 Joshua assumes an average journey distance of 10 km.

 (e) What average speed would Joshua have to assume in order to make a total profit of $240 per 
shift? [2]

 The price of fuel increases from $0.20 per km to $0.25 per km. Joshua wants to make the same 
profit as he would have done before the increase. He does not want to change his fixed fare of 
$2, so will adjust his charge per kilometre instead. He continues to assume an average journey 
distance of 10 km and average speed of 40 km/h. 

 (f) How much will Joshua need to charge per kilometre? [2]
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3 A substitution cipher is a method of encoding messages in which uncoded letters of the alphabet, 
known as plaintext, are replaced with ciphertext.

 In one form of substitution cipher, the ciphertext alphabet begins with a chosen keyword, removing 
any repeats of letters within it, and is completed by the rest of the alphabet in order.

 Example: If the keyword is HIPPOPOTAMUS

Plaintext

alphabet
A B C D E F G H I J K L M N O P Q R S T U V W X Y Z

Ciphertext

alphabet
H I P O T A M U S B C D E F G J K L N Q R V W X Y Z

The word MESSAGE encodes as ETNNHMT

 Beth and Ross send all their email messages to each other in code. Their ciphertext alphabet 
makes use of a keyword, which is always the name of the current month. The position of the 
keyword changes every day: its first letter is placed so that its position in the ciphertext alphabet 
corresponds to the day of the month. Days of the month from the 27th to 31st are treated as if they 
were the 1st to 5th.

 Example: On 4th January (and 30th January)

Position 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Plaintext

alphabet
A B C D E F G H I J K L M N O P Q R S T U V W X Y Z

Ciphertext

alphabet
W X Z J A N U R Y B C D E F G H I K L M O P Q S T V

The word MESSAGE encodes as EALLWUA

 (a) (i) How does the word CIPHER encode on 4th January? [1]

  (ii) How do Beth and Ross encode their own names on 12th April? [2]

  (iii) Give two dates in the year on which ROSS encodes as ROSS. [2]

 (b) How many different ciphertext alphabets do Beth and Ross use altogether? [1]

 (c)  (i) On which day in October does their ciphertext alphabet begin with the letter A? [2]

  (ii) On how many days of the year does their ciphertext alphabet begin with the letter A? [2]

 (d) The last and first letters of a ciphertext alphabet are considered to be consecutive.

  Which two consecutive letters of the plaintext alphabet are consecutive in all of the ciphertext 
alphabets that Beth and Ross use? Explain your reasoning. [2]

 (e) When Ross sent the message
     HAPPY BIRTHDAY BETH
  it encoded as
     RKGGI LVTCRNKI LOCR. 

  On what date is Beth’s birthday? [3]
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[Question 4 begins on the next page]



6

9694/31/M/J/19© UCLES 2019

4 Spelanskor is a game for two players, played over a number of rounds. The first player to score a 
total of 60 points or more wins the game.

 The equipment for playing the game consists of a board, 28 lettered tiles and a bag. The board 
and the tiles are shown below.
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 Before the beginning of the first round, the two players agree who will be player A and who will be 
player B during the game. The player to take the first turn is decided by the toss of a coin for the 
first round, then alternates for subsequent rounds.

 At the beginning of each round, all the tiles are placed in the bag. Both players take three tiles 
from the bag at random and place them, face up, in their respective sections on the board.

 The players take it in turns to place one tile onto one of the five rows, each of which has a fixed letter 
printed on it. Whenever a player places a tile that completes one of the following words: ONE, TWO, 
THREE, FOUR, FIVE, SIX, SEVEN, EIGHT, NINE or TEN, they score that many points.

 The following rules apply to the placing of tiles:

  •  A tile can only be placed immediately to the left or right of a tile or fixed letter that is 
already on a row. No gaps are allowed. 

  •  A tile can only be placed if it spells part of, or the whole of, a number from ONE to TEN. 
For instance, only G, N, V or X can be placed to the right of the fixed I on the second row 
to begin with, and if V is placed there, then subsequently only E can be placed to the 
right and F to the left.

  •  As soon as a row can only lead to one possible number, the same number must not be 
attempted on another row. For instance, if V has been placed to the right of the fixed I on 
the second row, then V cannot be placed to the left of the E on the first row at a later turn.

 At each turn, a player must place a tile on one of the five rows if it is possible to do so. If it is not 
possible, they must place one of their three tiles, face up, in the bin. After placing a tile on one of 
the rows or in the bin, they take another tile from the bag, unless there are no tiles left to take.

 Each round finishes when all five rows have spelled a different number or both players have no 
further tiles to play. A round may also be brought to an early conclusion if both players agree that it 
will not be possible to complete any further numbers.

 The game is over as soon as one player’s score reaches 60. If a round is in progress when this 
happens, it is not continued.

 (a) The maximum combined score for both players in one round of Spelanskor is 38. This occurs 
when TEN, NINE, EIGHT, SEVEN and FOUR are spelled.

  Give two examples of the order in which these five words can appear together on the board, 
from the top row to the bottom row. [2]
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 Greg and Ingrid are playing a game of Spelanskor.

 (b) In the first round, Greg started with all three N tiles and he had the first turn. He decided to 
place one of the tiles on row 2, to the right of the fixed I.

  List all the other possible moves that had been available to him. [2]

 (c) In the second round, all five rows spelled even numbers. Greg scored points for the top row 
and the bottom two rows, and Ingrid scored points for the other two rows.

  How many points did Greg score and how many points did Ingrid score in this round? [2]

 (d) In the third round, the appearance of the rows after two turns each was as follows:

T

O

N

I

E

N

U

HG

  It was Greg’s turn next. He was not able to place a tile on any of the rows, so he had to place 
one in the bin.

  What were the letters on Greg’s three tiles? [2]

 (e) In the fourth round, Ingrid had the first turn, and the appearance of the rows after two turns 
each was as follows:

T

O

N

I

E

X

H

V

I

  The letters placed, in order, for the rest of this round were: F, S, I, E, U, S, R, F, and N.

  (i) Which one of these letters was placed in the bin? [1]

  (ii) They agreed to end the round after four numbers had been completed. How did they 
know that the fifth number could not be completed? [1]

  (iii) How many points did Greg score and how many points did Ingrid score in this round? 
 [2]

 (f) Greg and Ingrid now both have 59 points and they are about to begin the fifth round. Greg’s 
letters are T, S and H. Ingrid’s letters are W, H and X. Greg is to play first. 

  State what move Greg should make, and explain why this makes him certain to win on his 
second turn. [3]
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