Introduction


Ive been asked to find out the number of different combinations of coins that can be used to pay for a certain cost phone call.

First of all I must find all the combinations for certain cost call using only 10p and 20p.

Secondly I must find all the combinations using for a certain cost call using only 10p and 50p.

I am going to find and test a pattern. I am not going to work out each combination in turn but find an equation to find a quick way to the answer. 

Conjectures.


I think number of combinations will increase as the amount of money increases. I also think it will slowly increase in combinations then suddenly very rapidly increases.

Finding a 10p and 20p Equation

I have found:

10p: 1 

(10p)

20p: 2

(10p 10p) (20p)

30p: 3 

(10p 10p 10p) (20p 10p) (10p 20p)

40p: 5 

(20p 20p) (10p 10p 10p 10p) (10p 10p 20p) (10p 20p 10p) (20p 10p 10p)

50p: 8 (10p 10p 10p 10p 10p) (20p 20p 10p) (10p 20p 20p) (20p 10p 10p) (10p 20p 10p 10p) (10p 10p (20p 10p) (10p 10p 10p 20p)

Using these Combinations I have found a pattern can be seen. When you add 1 (No. Combinations for 10p) and 2 (No. Combinations for 20p) it comes to 3 (No. Combinations for 30p) and when you add 3 (No. Combinations for 30p) and 5 (No. Combinations for 40p) you get 8 (No. Combinations for 50p)

To get a certain combination number you must add the amount of combinations for the two numbers behind it. 

Eg:

40p has 5 Combinations

50p has 8 Combinations

60p has ( Combinations 

5+8=(
(= 13

C n -10 + C n – 20 = C n

Using this Equation I have found the number of combinations for the call costs up to £2

I have put them into a table.

Number of combinations for 10p and 20p

	Amount
	Combinations

	10p
	1

	20p
	2

	30p
	3

	40p
	5

	50p
	8

	60p
	13

	70p
	21

	80p
	34

	90p
	55

	100p
	89

	110p
	144

	120p
	233

	130p
	377

	140p
	610

	150p
	987

	160p
	1597

	170p
	2584

	180p
	4181

	190p
	6765

	200p
	10946


I have tested to see if this equation was right, I wrote down all 60p combinations and it come to 13, the same as what the equation said it would be, this proves my equation is right.

Using these figures I can plot them on a graph and see if the conjecture was right about it rise slowly then rapidly.  
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This graph shows my conjecture was right. The combinations do increase slowly then suddenly very rapidly.

Finding a 10p and 50p Equation

I have found:

10p: 1 

(10p)

20p: 1

(10p 10p)

30p: 1
(10p 10p 10p) 

40p: 1 

(10p 10p 10p 10p)

50p: 2 (10p 10p 10p 10p 10p) (50p)

60p: 3

(10p 10p 10p 10p 10p 10p) (50p 10p) (10p 50p)

70p: 4
(10p 10p 10p 10p 10p 10p 10p) (50p 10p 10p) (10p 50p 10p) (10p 10p 50p)

80p: 5 

(10p 10p 10p 10p 10p 10p 10p 10p) (50p 10p 10p 10p) (10p 50p 10p 10p) (10p 10p 50p 10p) (10p 10p 10p 50p)

90p: 6 (10p 10p 10p 10p 10p 10p 10p 10p 10p) (50p 10p 10p 10p 10p) (10p 50p 10p 10p 10p) (10p 10p 50p 10p 10p) (10p 10p 10p 50p 10p) (10p 10p 10p 10p 50p)

For 10p and 50p the pattern is not as obvious. I have found a pattern that a number such as 90p has 6 combinations. When the number of combinations for 80p (5) is added to the number combinations for 40p (1) it makes 6, which is the amount of combinations for 90p. You need to add the amount of combinations for the number one behind it to the number of combinations to the number 5 behind it. 

The equation would be…

C n – 10 + C n – 50 = C n

	Amount
	Combinations

	10p
	1

	20p
	1

	30p
	1

	40p
	1

	50p
	2

	60p
	3

	70p
	4

	80p
	5

	90p
	6

	100p
	8

	110p
	11

	120p
	15

	130p
	20

	140p
	26

	150p
	34

	160p
	45

	170p
	60

	180p
	80

	190p
	106

	200p
	140


I have tested to see if this equation was right, I wrote down all 120p combinations and it come to 15, the same as what the equation said it would be, this proves my equation is right.

Using these figures I can plot them on a graph and see if the conjecture was right about these two coins as well.
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Again this graph shows my conjecture was right. The combinations do increase slowly then suddenly very rapidly. Although you can notice the numbers of combinations increase quicker than with 20p and 10p.

It can be noticed that with 10p and 50p there is a lot less combinations. For instance £2 with 20p and 10p has 10946 combinations while with 50p and 10p £2 has 140 combinations. I think this is because the lower value coins are small and go into the larger numbers more time and then have more combinations while the higher value coins will not go into the call charge amount as many times as it is larger.

The General Case
I have noticed from the equations that there is a connection between the two coins used and the equation to find a certain amount of combinations.

For 10p and 20p the equation was:

C n -10 + C n – 20 = C n

For 10p and 50p the equation was:

C n -10 + C n – 50 = C n

So for the first part the amount you take away from N is your lowest number coin, in which in to two cases we have tested have been 10p.

For the second part the number you take away from N is your highest coin, which in the two cases we have investigated was 20p and 50p. 

We can test this theory by trying this with two other sets of coins. I will test 10p and 30p, 20p and 50p, 2p and 5p and £1 £1.50 and £2

Testing 10p and 30p

The equation for 10p and 30p is.

C n -10 + C n – 30 = C n

I have found:

10p: 1 

(10p)

20p: 1

(10p 10p)

30p: 2
(10p 10p 10p)  (30p)

40p: 3 

(10p 10p 10p 10p) (30p 10p) (10p 30p)

50p: 4 (10p 10p 10p 10p 10p) (30p 10p 10p) (10p 30p 10p) (10p 10p 30p)

60p: 6 (10p 10p 10p 10p 10p 10p)  (30p 10p 10p 10p) (10p 30p 10p 10p) (10p 10p 30p 10p) (10p 10p 10p 30p) (30p 30p)

Using this in the equation I will try to find out the combinations for 70p

C n–10p + C n–30p = C n)

C 70 –10p + C 70p–30p = C 70p

6 + 3 = 9 

If the equation is right then 70p should have nine combinations and I will test this and find the combinations of 70p

70p: 9 (10p 10p 10p 10p 10p 10p 10p)  (30p 10p 10p 10p 10p) (10p 30p 10p 10p 10p) (10p 10p 30p 10p 10p) (10p 10p 10p 30p 10p)  (10p 10p 10p 10p 30p) (30p 30p 10p) (30p 10p 30p) (10p 30p 30p)
This proves with these two coins the equation is right.

Testing 20p and 50p

The equation for 20p and 50p is.

C n -20 + C n – 30 = C n

I have found:

10p: 0 

20p: 1

(20p)

30p: 0
40p: 1
(20p 20p)

50p: 1 (50p) 

60p: 1 (20p 20p 20p)  

70p: 2
(50p 20p) (20p 50p 20p)

80p: 1 (20p 20p 20p 20p) 

Using this in the equation I will try to find out the combinations for 90p

C n–20p+ C n - 50p = C n

C 90p–20p +C 90p–50p = C 90p

2 + 1 = 3 

If the equation is right then 90p should have three combinations and I will test this and find the combinations of 90p

90p: 3 (50p 20p 20p) (20p 50p 20p) (20p 20p 50p) 
This proves with these two coins the equation is right. 

Testing 2p and 5p

The equation for 2p and 5p is.

C n -2 + C n – 5 = C n

Using this in the equation I will try to find out the combinations for 20p. According to the equation I will need to find the combinations for 18p and 15p 

I have found:

10p: 2

15p: 8

18p: 15
C n– 2p + C n–5p = C n

C 20 –2p + C 70p–5p = C 70p

8 + 15 = 23 

If the equation is right then 20p should have Twenty-three combinations and I will test this and find the combinations of 20p

70p: 23 (5p 5p 5p 5p)  (2p 2p 2p 2p 2p 2p 2p 2p 2p 2p) (5p 5p 2p 2p 2p 2p 2p) (5p 2p 5p 2p 2p 2p 2p) (5p 2p 2p 5p 2p 2p 2p)

(5p 2p 2p 2p 5p 2p 2p) (5p 2p 2p 2p 2p 5p 2p) (5p 2p 2p 2p 2p 2p 5p) (2p 5p 5p 2p 2p 2p 2p) (2p 5p 2p 5p 2p 2p 2p) (2p 5p 2p 2p 5p 2p 2p) (2p 5p 2p 2p 2p 5p 2p) (2p 5p 2p 2p 2p 2p 5p) (2p 2p 5p 5p 2p 2p 2p) (2p 2p 5p 2p 2p 5p 2p) (2p 2o 2o 5p 5p 2p 2p) (2p 2p 2p 5p 2p 5p 2p) (2p 2p 2p 5p 2p 2p 5p) (2p 2p 2p 2p 5p 5p 2p) (2p 2p 2p 2p 5p 2p 5p) (2p 2p 2p 2p 2p 5p 5p) 
This proves with these two coins the equation is right.

Testing £1, £1.50 and £2.00 

The equation for £1, £1.50 and £2.00.

C n -100 + C n - 150 + C n – 200 = C n

I have found: 

10p: 0
20p: 0
30p: 0 
40p: 0  

50p: 1
60p: 0
70p: 0
80p: 0
90p: 0
100p: 2
110p: 0
120p: 0 
130p: 0
140p: 0 
150p: 3

160p: 0
170p: 0
180p: 0 
190p: 0
200p: 6
210p: 0
220p: 0
230p: 0
240p: 0
250p: 10

260p: 0 

270p: 0
280p: 0
290p: 0 
300p: 18 

310p: 0
320p: 0
330p: 0
340p: 0 

Using this in the equation I will try to find out the combinations for 350p. According to the equation I will need to find the combinations for 150p and 250p and 300p 

C n- 50p + C n-100p + C n – 200p  = C n

C 300 –50p + C 300p–10p + C n – 200p = C 300p

3 + 10 + 18 = 23 

If the equation is right then 350p should have Thirty-one combinations and I will test this and find the combinations of 20p

300p: 31
I found that 300p does have 31 combinations

This proves with these two coins the equation is right.

Conclusion


The equation I found to be correct:

C N–Y + C N–( = C N

Y= Lowest Value Coin

(= Highest Value Coin

I have tested this equation and it has been right all times.

This equation also works with coins that care not multiples of 10 and when you use 3 different coins instead of to.
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