Tilted Squares solution by Shaunak
Can you find a quick and easy method to work out the areas of tilted squares?
Here is a method to find out the areas of tilted squares:

[image: ]

1) Take the above image as an example. First, box the area around the tilted square. Then, make four right-angle triangles around the inner square. One leg should be on the outer square, the hypotenuse should be the side of the square. Look at one of the triangles. 
2) Count how many blue dots are there on the outer square and the long side of the triangle you chose. Find its square. Count how many blue dots are there on the short side of the triangle and the outer square. Find its square. 
3) Add both the square numbers. This is the area of the square. This method works for a square with a tilt of 1, 2, 3 and 4. 
Notice anything special about their areas?
I noticed the areas of the squares with a tilt of 1 is a square number + 1. As we took the above image as an example, we calculated the area to be 17 square units. 17 = 16 + 1.

Can you predict the areas of other squares with a tilt of 1?
A way to predict the areas of a square with a tilt of 1 is to count how many blue dots are there on the outer square and the long side of the triangle you chose, find its square, and add 1. 
What about squares with a tilt of 2?
A way to predict the areas of a square with a tilt of 2 is to count how many blue dots are there on the outer square and the long side of the triangle you chose, find its square, and add 4. 
Or 3? 
A way to predict the areas of a square with a tilt of 3 is to count how many blue dots are there on the outer square and the long side of the triangle you chose, find its square, and add 9. 
Or 4? 
A way to predict the areas of a square with a tilt of 4 is to count how many blue dots are there on the outer square and the long side of the triangle you chose, find its square, and add 16. 

Notice anything interesting?
I noticed that the area is a square number + square of the tilt.

Can you make any conjectures about the areas of tilted squares?
Yes. Here is one conjecture I made: area of the square cannot be a proper square number unless the tilt is part of a Pythagorean Triplet and the number of blue dots on the outer square and the long side of the triangle is also a part of the same Pythagorean Triplet, and both of these numbers are smaller than the third number. 
Can you prove your conjectures?
Proof: 
This conjecture is true because, if the hypotenuse is a whole number, then only the area of the square can be a proper square number.  And the hypotenuse is the longest side of a right-angle triangle, so it’s length must be the greatest in the Pythagorean Triplet.
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