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Drilled and painted cubes

A wooden cube of side 10cm is painted red all over and is
then cut up into 1000 1cm cubes, as in the figure.

1 How many of these little cubes have

(a) no red face

(b) 1 red face

(c) 2 red faces

(d) 3 red faces?

(e) Find the mean, median and mode of the number of
red faces per cube.

2 If a small cube is picked at random, what is the probability that it has

(a) just one red face,

(b) at least one red face?

3 If three cubes are taken randomly without replacement, what is the probability that they have just
three red faces between them? (Be careful to take account of all possibilities.)

4 Redo no.1(a)–(d) starting with a cube of side n cm cut up into n 3 small cubes, giving answers in the
simplest possible form.

(e) What is the mean number of red faces?

(f) For which values of n is 0 the only mode?

5 A cube of side 3 cm has three holes drilled centrally right
through it, each hole having a 1cm square cross section,
as in the figure. Calculate the total surface area and the
volume of what remains.

6 Redo no.5 with

(a) a cube of side 10cm and holes of side 2cm,

(b) a cube of side a cm and holes of side b cm. Simplify
and factorise your answers as much as you can. Use
the results of nos. 5 and 6(a) to check your formulae.

7 The drilled cube in no.5 is dipped in red paint, allowed to dry and then sawn up into 1cm cubes.
How many red faces can a cube have? How many cubes are there of each sort?

8 If the cube in no.6(b) is to be treated similarly, what are the conditions on a and b for this to be
possible? Assuming the conditions are fulfilled, find a formula for the mean number of red faces per
cube, and show that this gives a mean of for the cube in no.6(a).6
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Possibilities and probabilities (continued)

9 Simplify by cancelling, without calculator,

(a) 6!/4!

(b) 57!/56!

(c) 101!/98!

(d) n!/(n – 3)!

Express as a ratio of factorials

(e) 38 × 39 × 40

(f) n (n – 1).

10 A binary signal is a string of 0‘s and 1’s, such as 0110001010; this one has length 10. How many
signals are there with length

(a) 2

(b) 3

(c) n?

(d) What is the probability that a random signal of length 10 has just one 1?

11 How many binary signals can be made using

(a) two 0’s and two 1’s

(b) three 0’s and two 1’s

(c) three of each

(d) m 0’s and n 1’s?

12 A competition on a cereal packet asks you to consider ten features of a car, and then to choose four
of them and arrange these in order of importance.

(a) How many different entries are possible?

(b) Write down an expression for the number of entries possible if there are 30 items and 8 of them
are to be selected and arranged. Rewrite your answer using factorial notation, and calculate it
using the factorial button.

(c) If you are to choose and arrange r things from a collection of n different things, how many
possibilities are there? Rewrite your answer using factorial notation; it is called nPr for short.

13 A cricket team of 11 is to be selected and arranged in batting order from a squad of 15.

(a) How many ways are there to do this?

(b) If the selection is done randomly, what is the probability that Lara bats first and Atherton last?

14 A boy has 10 sporting trophies and wants to arrange them on his mantelpiece with the athletics cup
always in the centre. There is only enough room for seven trophies altogether.

(a) How many different arrangements are possible?

(b) What is the probability that his swimming cup is included in the display, if the arrangement is
made randomly?
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