
The steps on the staircase that leads to the 
Mathemagician’s Castle are numbered from 1 at the 
bottom to 100 at the top. Step 11 is a landing on which 
every climber is stopped by a guard.

When you arrive at the landing, the guard rolls a 20-
faced die to give you a number from 1 to 20. From then 
on you have to take that number of steps at a time to 
get as close as possible to the castle courtyard, which 
is on step 100. Only on your final step up to the 
courtyard may you take less than your given number of
steps. 
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UP2: Questions

For example, if your given number is 15, then from 
step 11 you move to steps 26, 41, 56, 71, 86, and 
then 100. If you make a mistake the courtyard guard at 
the top will send you back to the landing and 
make you do it again (instead of giving you a cup of 
hot chocolate, which is how you are welcomed if 
you climb the steps correctly)!

a. If you take 5 steps at a time, what is the number of the 
last step you would land on before reaching the 
courtyard?

b. Once when I climbed the stairs, the last step I landed 
on before the courtyard was 89. How many steps was 
I taking at a time from the landing? Explain your 
answer

c. Make a list of all the last steps you could have come 
from to land on step 95.

d. What is the number of the lowest step that you could 
land on immediately before landing on the courtyard? 
Explain your answer.
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Solutions

a. You would start from the landing like this: 
11, 16, 21, 26, . . . . Each step you land on before 
the courtyard has a number ending in 1 or 6. So 
the number of the last step you land on before the 
courtyard is 96.

b.

c.

Since 100 − 89 = 11, the number of steps you were 
taking at a time was at least 11. The number of 
steps from the landing at step 11 to step 89 is 
89 − 11 = 78. So the number of steps you were 
taking at a time was also a factor of 78. The factors 
of 78 are 1, 2, 3, 6, 13, 26, 39 and 78. The only 
one of these factors that is greater than or equal
to 11 and less than or equal to 20 is 13.

d.

Since 95 − 11 = 84, the number of steps you were 
taking at a time was a factor of 84. The factors of 
84 are 1, 2, 3, 4, 6, 7, 12, 14, 21, 28, 42, 84. If you 
were taking 1 step at a time you came from 94. If
2, 93. If 3, 92. If 4, 91. If 6, 89. If 7, 88. If 12, 83. 
If 14, 81. The other factors of 84 are greater than 
20 so could not have been rolled with the die.

Alternative 1

Since the number of steps you take at a time is 
less than or equal to 20, your last step cannot be 
lower than 80. If your last step is 80, then you 
must take 20 steps at a time to reach the 
courtyard. Since 80− 11 = 69, the number of steps 
you take at a time must also be a factor of 69. This 
is impossible. So the last step was not 80.
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Alternative 1

Suppose your last step is 81. Since 81−11 = 70, the 
number of steps you take at a time must be a factor 
of 70 that is less than or equal to 20. These factors 
are 1, 2, 5, 7, 10, 14. In each case at least one 
more step could be reached before 100. So the last 
step was not 81. 

Suppose your last step is 82. Since 82−11 = 71, the 
number of steps you take at a time must be a factor 
of 71 that is less than or equal to 20. The only such 
factor is 1. Since 82 + 1 is less than 100, the last 
step was not 82.

Suppose your last step is 83. Since 83−11 = 72, the 
number of steps you take at a time must be a factor 
of 72 less than or equal to 20. Since 100 − 83 = 17, 
the factor must be greater than 17. Since 18 is
such a factor, the last step could be 83.

Alternative 2

The table shows, for each number n from 1 to 20, 
the largest number m less than 100 that is 11 plus a 
multiple of n.

Thus the number of the lowest step that you could 
land on before stepping onto the courtyard is 83.

4.© Copyright 2016 Australian Maths Trust



Alternative 3

If your step size is 20, then the last step number 
before the courtyard will be 11 + 4 × 20 = 91.

If your step size is 19, then the last step number 
before the courtyard will be 11 + 4 × 19 = 87.

If your step size is 18, then the last step number 
before the courtyard will be 11 + 4 × 18 = 83.

If your step size is 17 or smaller, then the last step 
number before the courtyard will be at least
100 − 17 = 83.

Thus the number of the lowest step that you could 
land on before stepping onto the courtyard is 83.
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