Gift of Gems
This problem becomes much easier to solve once you realise what it’s asking you. I think there will be lots of people who started with each person only giving away one gem to one person. This is a classic “read the question problem”. It should be each person giving away 3 gems, one to each person. After realising this error, here is what I started with:

The people now have, after the swap:
Pearl Collector: 97 pearls, 1 diamond, 1 sapphire and 1 ruby
Ruby Collector: 5 rubies, 1 diamond, 1 sapphire and 1 pearl
Diamond Collector: 2 diamonds, 1 ruby, 1 sapphire and 1 pearl
Sapphire Collector: 7 sapphires, 1 ruby, 1 diamond and 1 pearl

These can be translated into 4 equations:
Equation 1:    97p + d + s+ r = x
Equation 2:    5r + d + s p = x
Equation 3:    2d + r + s + p = x
Equation 4:    7s + r + d + p = x

We now use these equations to work out a relative value for the gems. I have added 2 equations together and compared although I now realise the adding step is redundant and you can simply compare as they are. Here are the new equations to give the relative gem values:

98p + 6r + 2d + 2s = 6r + 3d + 2s + 2p simplifies to 96p = d
(Here I have used Equation 1 + Equation 2 = Equation 2 + Equation 3)

98p + 8s + 2r + 2d = 8s + 6r + 2d + 2p simplifies to 96p = 4r
(Equation 1 + Equation 4 = Equation 4 + Equation 2)

98p + 6r + 2d + 2s = 2r + 3d + 8s + 2p simplifies to 96p + 4r = d+ 6s but since we already have 96p = 4r and 96p = d, we can change this to 96p + 96p = 96p + 6s, meaning 96p = 6s
(Equation 1 + Equation 2 = Equation 3 + Equation 4)

We now have all the necessary relative values:
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Simplifying, we get
	p
	p

	96p
	d

	24p
	r

	16p
	s



Now, to check these values are right, we can insert them into Equations 1 to 4, which we know from the question should have the same answer:

Equation 1:    97p + d + s+ r = x 		=	97p + 96p + 16p + 24p = 233p
Equation 2:    5r + d + s + p = x		=	120p + 96p + 16p + p = 233p
Equation 3:    2d + r + s + p = x		=	192p + 24p + 16p + p = 233p
Equation 4:    7s + r + d + p = x		=	112p + 24p + 96p + p = 233p

[bookmark: _GoBack]Now we know these values are correct, we can use them to figure out part 2, how much each collector lost or gained.

	Original Gems
	Original Gems in Pearls
	New Gems
	Difference

	100 pearls
	100
	233 pearls worth
	+133 pearls worth

	8 rubies
	192
	233 pearls worth
	+41 pearls worth

	5 diamonds
	480
	233 pearls worth
	-247 pearls worth

	10 sapphires
	160
	233 pearls worth 
	+73 pearls worth



We now have the answer, although, as your maths teacher will tell you, it’s always best to check! We know that this is a closed circuit, meaning that all the gems there were before are still here now. This means that if we check the losses and gains of the collectors, they should sum to zero:
133 + 41 + 73 = 247
247 + (-247) = 0 – Our answer is correct!
