Pythagoras Perimeters 
By Guruvignesh Balaji, Year 10, Age 15
Question 1
Proof:
Since, 
12 = a+b+c (when P = 12)
Also, using the Pythagoras theorem, as it is a right-angled triangle:
a^2 + b^2 = c^2
The only possible values that satisfy both equations, is a 3,4,5 triangle. With a being 3, b being 4 and c being 5. So, we substitute the value c=5 into the given equation 36-6c (for the area) and that gives:
A=36-6(5)
A=36-30
A=6
However, the area of a triangle can be worked out using the formula:
A=ab/2 (Then we substitute the values of ‘a’ and ‘b’ into this equation.)
A=3*4/2
A=12/2
A=6 
Because both equations give the same area, then we can deduce the fact that 36-6c is the area of the triangle. 
Order:
a+b+c = 12,
a+b = 12-c,
a^2+2ab+b^2 = 144-24c+c^2 (Squaring both sides)
a^2+b^2 = c^2 (By Pythagoras’ Theorem)
So, 2ab = 144-24c
ab = 72-12c
Area of a triangle = ab/2
So, A = 36-6c
Question 2
Proof:
a+b+c = 30,
a+b = 30-c,
a^2+2ab+b^2 = 900-60c+c^2 (Squaring both sides)
a^2+b^2 = c^2 (By Pythagoras’ Theorem)
So, 2ab = 900-60c
ab = 450-30c
Area of a triangle = ab/2
So, A = 225-15c

Extension:
P = a+b+c (Equation for the perimeter of a right-angled triangle)
P-c = a+b (Subtract a from both sides)
P^2-2Pc+c^2 = a^2+2ab+b^2 (Square both sides)
P^2-2Pc = a^2+2ab+b^2-c^2 (Subtract c^2 from both sides)
A = ab/2 (Equation for the area of a triangle)
4A = 2ab (Multiply both sides by 4)
P^2-2Pc = a^2+b^2+4A -c^2 (Since, 2ab=4A, we can substitute that into the previous equation)
a^2+b^2 = c^2 (Pythagorean Theorem)
P^2-2Pc = c^2-c^2+4A (Substitute the Pythagorean Theorem into the equation)
P^2-2Pc = 4A 
(P^2-2Pc)/4 = A (Divide both sides by 4 to express A in terms of P and c. Note: the brackets are used to denote the fact that the hole expression within the bracket is being divided by 4.)
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