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ACTIVITY  D3.1 Seek and Win

The fast food chain, Macduff's, is running a competition.  You obtain a card which has 12
circles covered up and you can scratch off up to four circles.
You win if 3 or more PALM TREES are revealed but lose if 2 or more CRABS are
revealed.  If you win you can then scratch off one of the three squares to show what you
have won.

One of the cards is shown above with all
the circles and all the squares revealed.
Macduff's want the game to be both fun
to play and relatively easy to win.  Here
we find out your chance of winning if
the PALM TREES and CRABS are
always in the ratio 2 : 1.

1. Check that the ratio of PALM TREES to CRABS is 2 : 1 on the picture above.

2. If all the circles are now covered up, on your first choice what is the probability of
revealing
(a) a PALM TREE (b) a CRAB?

If you obtained a PALM TREE on your first go, there are now 11 circles to be revealed, of
which 7 are PALM TREES and 4 are CRABS.

3. What is the probability of revealing (a)   a PALM TREE (b)   a CRAB
on your second go if your revealed a PALM TREE on your first go?

We can continue in this way –
a tree diagram is very helpful.

4. On each of the lines opposite, write
 down the probability of each event.
For example,

p PCPP( ) = × × ×
8
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5. Find the probability of each winning combination. (There are 4 possibilities.)

6. Find the probability of winning.

Extension
Work through the problems again, assuming there are now

(a) 9 PALM TREES and 3 CRABS (b) 6 PALM TREES and 6 CRABS.
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ACTIVITY  D3.2 Genetic fingerprinting

Genetic fingerprinting was developed by Professor Alec Jeffreys at the University of
Leicester in 1984.  The technique is based on the fact that each of us has a unique genetic
make up, contained in the molecule DNA, which is inherited from our natural parents, half
from our mother and half from our father.
DNA  can be extracted from cells to and body fluids and analysed to produce a
characteristic pattern of bands or genetic 'fingerprint.  The sketch below shows how our
genetic fingerprinting can be used to identify a child's father.

Equally important has been the use of
genetic fingerprinting in rape cases, where
the semen of the attacker and the alleged
rapist can be compared.

It is usual to compare between 10 and 20
bands.  Experimental evidence has shown
that in unrelated people the probability of
one band matching is one in four (0.25); so
for example, the probability of two bands
matching  = ( ) =0 25 0 06252. . ,  a 1 in 16
chance.

1. Find the probability of 10 bands matching.  Express your answer in the form
"1 in ? chance".

2. Repeat the above, but using 0.5 as the probability of any single band matching.

You will have noticed that the answers to problem 1 and 2 change quite dramatically if the
underlying probability changes.  In fact, the value of 0.25 has been the subject of some
speculation recently in a number of criminal trials.

3. Copy and complete the table below.  Comment on the values found and suggest
the number of bands which should be compared, to be confident of a match not
happening by chance, when the probability is 0.25.

Probability Number of bands compared
       (p) 5 10 15 20

      0.2 1 in 3125   ?  ?      1 in 9.5 million million

      0.25 ?   ?  ?  ?
      0.5 ?   ?  ?  ?

Extension
If p = 0.25 and we wish the probability of a complete match not happening by chance to be
1 in 50 million (approximately the population of Britain), how many bands need to be
compared?

Alleged Father 2 Child

Who is the father?

Alleged Father 1 Mother
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ACTIVITIES  D3.1 and  D3.2 Notes and Solutions

D3.1 2. (a)
2
3

(b)
1
3

3. (a)
7
11

(b)
4
11

5. p (PCPP) = 
56
495

  ,  p (PPP) = 
14
55

  ,  p (PPCP) = 
56
495

  ,  p (CPPP) =  
56
495

6.
98
165

0 6≈ .

D3.2 1. 0 25 9 54 1010 7. .( ) ≈ × ⇒− approx 1 in a million

2. 0 5 9 76 1010 4. .( ) ≈ × ⇒− 1 in 1024 chance

3. 15 bands should suffice.


