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Solutions and Comments 
 

Introductory Remarks 
 

The first four questions each had some relatively easy parts, so most candidates found something they could 
attempt.  However, each question also had challenges, usually towards the end.  Question 5 proved to be too 
difficult for almost every student.  The very few people who managed to see similar triangles in the diagram had a 
very good chance of obtaining a prize as long as they had scored well in some of the earlier questions as well. 
 

It was probably better to attempt two questions only, and answer them well, rather than rush through all of the 
questions.  Students who tried small sections from every question did not score high marks.  (This is especially 
true for many Year 9 students who thought they could answer all 20 parts to the competition in just 20 lines, one 
line per part.)  In fact, two perfectly answered questions guaranteed a Merit Certificate. 
 

In these solutions, usually only one method is shown.  Many students scored good marks for other good 
approaches to the problems. 

Question 1 (Year 9, Form 3 only) 
Note:  In this question the word “digit”  means a positive single-digit whole number, that is, a member of the set 

{ 1, 2, 3, 4, 5, 6, 7, 8, 9} . 
 

On a long journey by car, Michael was starting to get bored.  To keep him amused, his mother asked him some 
arithmetic questions.  The first question she asked was 

“Can you think of five different digits which add to a multiple of 5?” 
Michael answered straight away 

“That’s easy Mum.  1, 2, 3, 4 and 5 work because 1 + 2 + 3 + 4 + 5 = 15, and 15 is a multiple of 
5 because 15 = 5 × 3.”  

 

Now answer the other questions which Michael’s mother asked.  (When you have to write down a set of numbers, 
list them in order from smallest to largest): 
 

(a) In your Answer Booklet write down a set of five different digits which add to 35. 
5 6 7 8 9.  This was answered well by almost every student 

 

(b) Write down a set of three different digits which add to a multiple of 5, but which don’ t include 5 itself or 1. 
There are five possible answers, 2 4 9,  2 6 7,  3 4 8,  3 8 9,  or   4 7 9.  Any one of these scored the 
marks and most students found one of the answers. 

 

(c) How many different sets of four different digits are there which add to a multiple of 5, but which don’ t 
include 5 itself or 1?  (Note that writing the same set of numbers in a different order doesn’ t count here.) 
Nine.  This was the hardest par t of the question.  Not many people got this r ight.  The sets did not 
need to be listed, but all of them consist of two pairs each adding to a multiple of 5.  So, for  example, 
the pairs (2 3) and (4 6) combine to give the set {2 3 4 6}.  There are another eight possible sets which 
we will leave you to discover . 

 

(d) Is it possible to write down a set of six different digits which add to a multiple of 5, but which don’ t include 
5 itself?  If it is possible, write down such a set.  If it is not possible, explain briefly why it cannot be done. 
I t is possible.  For  example, 1 2 3 4 6 9 works.  (There are many other  possible answers here.) 

 

(e) Is it possible to write down a set of seven different digits which add to a multiple of 5, but which don’ t 
include 5 itself?  If it is possible, write down such a set.  If it is not possible, explain briefly why it cannot be 
done. 
I t is not possible.  Probably the best way to explain the reason is to look at all the digits 1 to 9.  The 
sum of the digits 1 to 9 is 45.  I f we remove 5, the sum is 40, which is divisible by 5.  Now if we remove 
any other  digit, we cannot reach a “ new”  sum divisible by 5 because all the remaining digits are not 
themselves divisible by 5. 
This was another  tr icky question, although apparently not as hard as par t (c). 



Question 2 
 

Braille is a code which lets blind people read and write.  It was invented by 
a blind Frenchman, Louis Braille, in 1829.  Braille is based on a pattern of 
dots embossed on a 3 by 2 rectangle.  It is read with the fingers moving 
across on top of the dots. 
 

Altogether there are 63 possible ways to emboss one to six dots on a 3 by 2 
rectangle.  (We will not count zero dots in this question.) 
 

Figure 1 shows the pattern for the letter h.  Note that if we reflect this 
pattern (down the middle of the rectangle) the result is the Braille letter j, 
shown in Figure 2. 
 
(a) How many different patterns are possible using just one dot? 

Six.  This question was well answered.  Most students realised there were six places where a dot could 
be placed. 

 

(b) There are 15 different ways to emboss two dots on a 3 by 2 rectangle.  How many ways are there to emboss 
four dots on a 3 by 2 rectangle?  Briefly explain your answer. 
15.  The easiest way to explain this is to think of the four dots as being equivalent to four  spaces, so 
embossing four  dots can be done in exactly the same number of ways as embossing two dots; we are 
just embossing the “ opposite”  spaces. 
This was poor ly answered.  The answer “ 15”  was common, but a good explanation was rare. 

 

(c) Including the two patterns shown in Figures 1 and 2, how many possible patterns are there using three dots? 
20. An explanation was not needed.   However , here is one approach: 
Altogether  there are 63 possibilities (we are told this in the question). 
• One of these uses 6 dots, 
• Six use 1 dot and six will use 5 dots, 
• 15 use 2 dots and 15 use 4 dots, 
By subtraction, this leaves 20. 

 

(d) A simplified version of Braille has been proposed.  In this version the 
dots will be embossed on a 2 by 2 rectangle.  An example is shown in 
Figure 3.  How many possible patterns would there be in this 
simplified version (assuming that we will not count zero dots)? 
15.  This could be found by drawing them all!  (Many students found this answer.) 

 

(e) Write down how many possible patterns there will be if we were to develop a more complicated version of 
Braille using a 4 by 2 rectangle.  (Again assume that we would not count zero dots.) 
255.  Several students found this answer by “ combinations” , which they may have met in class.   Other  
students reasoned their  way to the answer using a diagram: 
There are eight positions, and in each position there are two possible outcomes, a 
dot or  no dot.  (One of the possibilities is shown at the r ight.)  This means that there 
are 
 2 ×××× 2 ×××× 2 ×××× 2 ×××× 2 ×××× 2 ×××× 2 ×××× 2 = 256 possibilities. 
But we are not counting zero dots, so the number of ways is 255. 

 

Fig. 1:  the letter h 

Fig. 2:  the letter j 

Fig. 3:  a simplified 
version of Braille. 



Question 3 
Around the year 2000 BC, the Babylonians used a number system based on the number 60.  For example, where 

we would write 0.25 (meaning “one quarter” or 1
4 ), they would write something like    ||  15   | (meaning “fifteen 

sixtieths” or 15
60 , which does simplify to become 1

4  in our number system). 
 

The table below shows some numbers and their reciprocals written according to the Babylonian system.  (A 
special feature of a number and its reciprocal is that when you multiply them together, the result is always 1.)   In 

Table One, each column represents a place value of  1
60  of the previous column.  For example,   7   |  30  means  

7 30
60 3600+ . 

 

Number ||  Reciprocal Number ||  Reciprocal 
     2 ||   30   | 6 ||      | 
     3 ||   20   | 7 ||      |     |     |     |   . . . 
     4 ||          | 8 ||     7   |   30   | 
     5 ||          | 9 ||      |     | 
    Table One 
 
(a) In your Answer Booklet, write down in the correct order the three missing numbers which should go beside 

4, 5, and 6. 
A key to this question is to work with pairs of numbers that multiply to 60.  For example, 4 ×××× 15 = 60, 
so using the Babylonian system the reciprocal of 4 is 15.  The three answers are 15   12   10. 

 

(b) If we added our number 2.5 (meaning “two and a half”) into the table above, what number would we write 
beside it to show the Babylonian version of its reciprocal? 
24.  Since 5 ×××× 12 = 60, then 2.5 (which is half of 5) must multiply by 24 (i.e. twice 12) to make 60. 

 

(c) The reciprocal of the number 8 is shown in the table as     7   |   30   |.  Using the same notation, what is the 
reciprocal of the number 9? 
60 divided by 9 is 6, with a “remainder”.   So the number in the first column must be 6. 

The “remainder” is also 6, and in fact this represents 6 2or9 3 .  Since 2
3  of 60 is 40, the number in 

the second column is 40.  
 

(d) Write down the first two numbers which should go beside 7 in the table above. 
60 divided by 7 is 8, with a “remainder”.   So the number in the first column must be 8. 

The “remainder” is 4, and this represents 4
7 .  60 divided by 7 is 8, with remainder 4.  Multiplying 

4
8

7
 by 4 gives a number between 34 and 35, so the number in the second column is 34.  (There are 

more non-zero columns but students were not asked to work the values out.) 
 

(e) Write down the Babylonian version for the reciprocal of our number 192. 
Since 192 is larger than 60, the first column must contain the number 0.  (Marks were awarded for 
this value, but many students missed this value out.) 
Since the first column contains zero, we now try to find the number in the second column, which 
represents “3600th”.  3600 divided by 192 is 18, with remainder 144.  So 18 goes in the second column. 

To find the value in the third column, note that 144
192 simplifies to 3

4 .  Since 3
4  of 60 is 45, the 

number in the third column is 45.  There is no remainder, so the final answer is  0 | 18 | 45. 
 
 
 



Question 4 
 

When we finally landed on Mars, we discovered that Martians love to play a game called HitBall.  In this game 
two teams of players try to hit a ball between poles placed at each end of a field.  The team that scores the most 
points within one Martian hour is the winner. 
 

There are three ways to score points.  An Inner scores 7 points, an Outer scores 4 points, while a Wide scores 2 
points. 
 

The first match report sent back to Earth was not very clear because of static, so not all the details are certain.  
However, we did hear that the Red Team won.  They scored “something-seven” points altogether (only the last 
number could be clearly heard).  We also learned that they had exactly 16 successful scoring shots. 
 
(a) Write down in a list (from smallest to largest) the possible numbers of Inners which the Red Team could 

have scored according to this first match report. 
1  3  5  7  9  11  13  15 
To work this answer out, note that the final score is odd, and so there must be an odd number of 
Inners, since Outers and Wides both give an even score.  Also, there is a maximum of 16 scor ing shots.  
(This par t of the question was answered well, although several candidates missed out the number 15!) 

 

(b) A later report added the information that the Red Team scored the same number of Inners and Outers.  
Using this extra information, write down how many points the Red Team scored altogether. 
67.  The working is shown in par t (c).  Note that, as in previous years, no marks were allocated in par t 
(c) if the correct answer was not given in par t (b).  (This par t did not turn out to be too tr icky for  
many candidates.) 

 

(c) Explain why your answer to (b) is the only possible solution.  As part of your explanation, make sure you 
include how many Inners, Outers, and Wides the Red Team scored. 
There were two steps required here.  The first was to show that 67 does indeed work.  This was 
answered well.  The markers were looking for the combination 5 Inners, 5 Outers and 6 Wides, with 
some indication of how the answer was reached.  Many students were able to show these values. 
 

However , showing that there was no other  solution was not well answered.  Stating something like 
“ Checking on a calculator  shows no other  possible answer”  earned no credit.  The markers had to see 
some evidence wr itten down in the Answer Booklet. 
 

Some candidates gave a table showing all the possible combinations of Inners, Outers, and Wides.  
This could earn full marks as long as an explanation was also given. 
 

However , the most elegant answers used an algebraic approach.  Here is an example copied almost 
exactly from one paper : 

Let the number of Inners be x.  The number of Outers must also be x.  Let the number of Wides be y. 
Then 2x + y = 16 or  y = 16 – 2x. 
Therefore  7x +  4x  +  2(16 – 2x)  =  S7  where S means “ something” . 
This can be tidied to become 

7x   =  S7 – 32 
7x   =  “ something” 5 

The only possible value for  x from the list in (a) is 5.  (Note that 15 is impossible because it would 
mean 15 Inners and 15 Outers, which totals more than 16 shots.) 
So there must be  5 Inners, 5 Outers and 6 Wides. 



Question 5 
 

During 2004, a Dunedin newspaper held a competition to find a new 
flag design for the province of Otago.  Wendy entered the competition.  
Her entry was based on the design shown at the right (Figure 4).  Her 
flag featured a gold cross with a blue background.  She also placed a 
circle into her design.  The top and bottom of the circle just touch the 
corners of the top and bottom triangles, as shown in Figure 4. 
 
(a) Wendy designed her flag to be 240 cm long and 150 cm high.  If 

the edges of the cross are 40 cm and 30 cm away from each of 
the corners, as shown in Figure 4, what is the radius of the 
centre circle? 
27 cm. 
Very few candidates answered this question correctly.  The key to success was to notice similar 
triangles, where one triangle with known sides can be used to calculate the sides of a second triangle.  
Two similar triangles to use are ABC and ADE shown in the diagrams below.  The radius of the circle 
is easy to find once the height BC is known: 

 
 
 
 
 
 
 
 
 
 

The height BC can be found using 
120
200

×××× 80  =  48 and by subtraction from the height of the rectangle 

the diameter of the circle is 54 cm.  Therefore the radius is 27 cm. 
 
(b) Wendy decided to remove the circle from her design (see Figure 5).  

With the circle removed, what is the total area of the cross? 
21 570 cm2. 

The area of triangle ABC is 
1
2

(80 ×××× 48) = 1920.  

There are four triangles this size totalling 7680. 
 
Now repeat the whole process for the triangles at the “side”: 

Triangle PQR has base PQ = 45 and is similar to 
triangle PST which has base PS = 120 and 
height SR = 200. 

QR = 
200
120

 ×××× 45  =  75 

Therefore the area of triangle PQR is 1687.5 
There are four triangles this size totalling 6750. 
Therefore the area of the cross is 

36 000  – 7680  –  6750  =  21 570 cm2 
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