prove every odd square leaves remainder 1 when divided by 8.
Expression for an odd number
First, we write out the expression which will always have an odd number result:

Next, we square this number.

And simplified it.


when you divide 4n2+4n+1 (the odd square) by 8 it will have leaf the remainder of 1.

Now we remove the +1 from 4n2+4n+1 to form 4n2+4n. 

4n2+4n must fully divide by 8 if 4n2+4n+1 have remainder of 1 while divide by 8.

To prove 4n2+4n can be fully divided by 8.

First, we write out the expression:


Second, we change 4n2+4n to 


Simplify it. 

Situation 1: If n is an odd number.
In the first situation let’s assume that n is an odd number in the equation.


· The square of an odd number should still be an odd number.
· Next, we know that odd number + odd number = even number

So, according to this we can simplify.

To:

Now, let’s just leave this here for now and look at the other situation.

Situation 2: if n is an even number.
In the second situation. We assume that n is an even number in the expression.


· The square of an even number should still be an even number.
· Next, we know that even number + even number = even number

So, according to this we can simplify.

To:


Summary and result
Ok, now we see that in both situations no matter whether n is odd number or even number the result given out from n2+n is always going to be an even number.

Now let’s write the equation back to the form before it simplifies but use even number to replace (n2+n)
 =  = 
We know that even number is the multiple of 2 and we time the multiple of 2 by 4 so the result is a number which is a multiple of 8.

Now we have already proved that 4n2+4n can be fully divisible by 8. So, if you divide 4n2+4n+1 (the odd number square) by 8 it will have the remainder of 1. Because 4n2+4n can be fully divide by 8 so if we add +1 at back to let it become 4n2+4n+1 it will have a remainder of 1 when you divide by 8.

prove that every even square will leave a remainder of 0 or 4 if you divide it by 8.
Expression of an even square
First, we write out the expression which can always give us an even number.
2n
Square the expression:
(2n)2
Simplify it.
4n2
Now, we got an expression of the even number square.

Situation 1: n is an odd number.
First, we write the equation in the form of:

We assume that n is a odd number, so we can write the equation in the form:

Simplify it:
1. The square of an odd number should still be an odd number.
2. So (odd number)2 will give a result of odd number.


3. We time this odd number by 4.
4. Let’s expresses 4 to 2x2. 

5. When the odd number multiple with the first 2 it will give out a result of even number. (Multiple of 2)


6. Now we multiple the second 2 with this even number. This will give out a result of an even number too. But this time the number is not just going to be the multiple of 2 but also multiple of 4. Because if you times a multiple of 2 number by 2 you will get a multiple number of 4. 
The equation will be:

Now, we know that the numerator of the traction is a multiple number. This means that there will be two result the answer will have a remainder of 4 or it can fully be divisible by 8. (if n is an odd number)

Situation 2: n is an even number.
First, we write the equation in the form of:

We assume that n is an even number, so we can write the equation in the form:

Simplify it:
1. The square of an even number should still be an even number.
2. So (even number)2 will give out a result of even number.

Also, an even number should be a multiple number of 2 already, so if we square it, which means we do (a multiple number of 2 X a multiple number of 2). This means we can get a multiple number of 4.
So now the number is already a multiple number of 4, so if we time it by 4 we can get a number which is the multiple number of 16. 



Now, the expression will look like this:


We know that the multiple number of 16 will also be the multiple number of 8. So, this numerator must fully divide by 8.
Result
As result we can know that in an even number square 4n2 if n is an odd number, it will give out the remainder of 0 or 4.because the numerator will be the multiple number of 4. If n is an even number, it will always give out a remainder of 0. Because the numerator will be the multiple number of 16.


Deduce that a number of the form 8n+7, where n is a positive integer, cannot be expressed as a sum of three squares.
· First, let’s throw the +7 away for a second and just look at 8n.
· From 8n we can know that this number can be fully divided by 8.
· If we add the +7 back again we should know that this will give out an remainder of 7.

So, if we want to prove this number (8n+7) can’t be expressed by three squares we should focus on the remainder 7.

We can divide all the square number into two types. Odd square and even square.
We already know that if you divide an odd square by 8 you will get a remainder of 1. And if you divide an even square by 8 you will get a remainder of 4 or 0.

Now, we just need to focus on the remainder. 
· Because from the result I do before we already prove that: every odd square leaf remainder 1 when divided by 8, and every even square leaf remainder 0 or 4. 
· Odd square and even square already include all types of square number. 
· So, if we can’t use them to add up and get a remainder of 7. 
· That means 8n+7 cannot be expressed as a sum of three squares.
· This is because we can’t get the remainder 7 no matter what square numbers we use.
- So, we need to try all the possible combination until we add (1,0, or 4) up to 7.

Here is the rule:
· We can use the same number once, more than once or not at all.
· But we can just use 3 number for total.
If:
· we use those number (1, 0 and 4) to add out a result of 7.
· that means 8n+7 can be expressed to a sum of three square.

But if:
· we can’t use those number (1, 0 and 4) to add out a result of 7.
· that means 8n+7 cannot be expressed to a sum of three square.
· This is because the remainder doesn’t fit, we can’t get a remainder of 7 using 1,0 and 4.


Ok, let’s start now.
	
	Number 1
	Number 2
	Number 3
	result
	7 or not

	1
	1
	1
	1
	3
	No

	2
	0
	0
	0
	0
	No

	3
	4
	4
	4
	12
	No

	4
	1
	1
	4
	6
	No

	5
	1
	1
	0
	2
	No

	6
	4
	4
	0
	8
	No

	7
	4
	4
	1
	9
	No

	8
	0
	0
	1
	1
	No

	9
	0
	0
	4
	4
	No

	10
	4
	1
	0
	5
	No 



To make sure I didn’t miss any of the combination we can separate the combination into three categories.
· All three numbers are the same. (three possible combination: 111,444,000)
· First two numbers are the same but the third one is different. (6 combination, 114,110,441,440,001,004)
· All three number is different. (only 1 because only have three gaps and three number)

Know, we make sure I didn’t miss any combination.

Ok, in the form above we already try every possible combination but none of them can add up to 7.

This will prove why 8n+7 cannot be expressed as a sum of three square.
Thanks for reading! 
