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Answer both parts A and B. 

 

A INVESTIGATION COUNTING FACTORS (20 marks) 

 

You are advised to spend 45 minutes on part A. 

 

This investigation looks for a method to find how many factors a number has.  

 

 

1 (a) (i) Write down, in ascending order, the five factors of 16.   

   Two have been written down for you. 

 

 

  1 , ,  ,  , 16  

 

 

 (ii) Write down the five factors of 16 as powers of 2. 

   Two have been written down for you. 

 

 

  20 , ,  ,  , 24  

 

 

 (b) Write down, in ascending order, the four factors of 27 as powers of 3. 

 

 

  ,  ,  ,  

 

 

2 (a) p is a prime number. 

 

  (i) Write down the six factors of p5 as powers of p. 

   One has been written down for you. 

 

 

 

 p
0
 

, , ,  ,  ,  

 

  (ii) Write down, in terms of n, the number of factors of pn. 

 

 

  

 

 

 (b) 78 125 = 5n where 5 is a prime number. 

  Find the number of factors of 78 125.  Do not write them out. 
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3 (a) 20 is not a prime number. 

  20 = 22 × 51 where 2 and 5 are prime numbers. 

  Find all the factors of 20 by completing the table. 

 

  Powers of 5 

  50 51 

Powers 

of 2 

20   20  ×  50  =      1     ×     1       =     1 20  ×  51   = …....... × ….......  = …....... 

21   21  ×  50  =      2     ×     1       =     2 21  ×  51   = …....... × ….......  = …....... 

22   22  ×  50  = …....... × ….......  = …....... 22  ×  51   =      4     ×      5      =     20 

 

 (b) The table has 3 rows and 2 columns. 

  Describe how to find the number of factors of 20 from the number of rows and the number of 

columns. 

 

 

 

 

 

 

 

 (c) 4000  =  25 × 53. 

  Find the number of factors of 4000. 

 

   

 

4 (a) (i) 1 000 000 = 2n × 5n. 

   Find n. 

 

   

 

  (ii) Find the number of factors of 1 000 000. 

 

   

 

 

 (b) Find n such that 10n has 900 factors. 
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5 x has exactly two prime factors, 3 and 7. 

 So x can be written as 3m × 7n. 

 

 Find all the possible values of x that have exactly 12 factors. 

 

 

 

 

 

 

 

 

 

   

 

 

6 (a) Write 336 in the form pd × qe × rf where p, q and r are prime numbers. 

 

 

 

 

 

 

 

 

 

  ×  ×   

 

 

 (b) Find the number of factors of 336. 

 

   

 

 

7 A number has exactly three prime factors, 2, 3 and 5. 

 It has exactly 12 factors. 

 

 Find all possible numbers. 
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B MODELLING  TIDES (20 marks) 

 

You are advised to spend 45 minutes on part B. 

 

In this task you will model the height of a tide. 

 

Here is the graph of y = sin x°. Its period is 360. 

 
y

x
30 60 90 120 150 180 210 240 270 300 330 360

1

0.5

–0.5

–1

0

 
 

 

1 (a) (i) On the grid below, sketch the graph of y = sin(3x)°. 

 
y

x
30 60 90 120 150 180 210 240 270 300 330 360

1

0.5

–0.5

–1

0

 
 

  (ii) Write down the period of the graph of y = sin(3x)°. 

 

   

 

 

 (b) Write down the period of the graph of y = sin(10x)°. 

 

   

 

 

 (c) Write down an expression, in terms of b, for the period of the graph of y = sin(bx)°. 
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2 The graph below shows the approximate height of the tide at Auckland (New Zealand) during 25th April 

2014. 

 

 t is the time of day starting at midnight. 

 h is the height in metres above a fixed height. 

 

     

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

1.5
1
0.5

–0.5
–1
–1.5

0

h

t

 
 

 

 (a) Write down the period of the graph. 

 

   

 

 

 (b) Explain why a model for the height of the tide on 25th April is h = 1.2 sin(30t)°. 

 

 

 

 

 

 

 

 (c) Usually the height of a tide is measured as the height, H metres, above sea level. 

  The graph below shows this for the tide at Auckland on 25th April. 

 

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

 

  Modify the model in part (b). 

 

 

 

H =    
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 (d) The best fishing conditions are when the height of the tide is less than one metre above sea level. 

 

  (i) Use your calculator with your model for H to find the two times between which there were the 

best fishing conditions on the morning of 25th April.  

   Give your times correct to the nearest minute. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  and   

 

  (ii) Using your answer to part (i), write down the times between which there were the best fishing 

conditions on the afternoon of 25th April. 

 

 

 

  and   

 

 

3 Here is a different model for the height of the tide, D metres, on the morning of 25th April. 

 

D  =  0.022t3 – 0.403t2 + 1.9t 

 

 (a) Compare D with H from question 2(c) by drawing their graphs on your calculator for 0 < t < 12. 

  Comment on how the difference in height between D and H varies with time. 

 

 

 

 

 

 

 

 

 

 

 (b) Make one change to the model D that makes the graph of D very close to the graph of H for 3 < t < 9.  

 

 

 

 

D =    

 

 

 

Question 4 and 5 are printed on the next page. 
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4 The graph below shows the actual height of the tide above sea level on 25th April 2014 at Auckland.  
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 The actual period for the height of a tide is 12 hours 25 minutes. 

 Use this fact to improve your model for the height of the tide above sea level on 25th April by changing 

one of the numbers in your answer to question 2(c). 

 

 

 

 

 

 

H =    

 

 

5 The graph for 26th April can be found by translating the graph for 25th April horizontally. 

 Modify your answer to question 4 to give a model for the height of the tide above sea level at Auckland on 

26th April. 

 

 

 

 

 

 

 

 

H =    
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