Fix Me Or Crush Me
By Michael Slack
Find a matrix M that, for , gives us FM=F  
If our matrix M is represented like so, 
Then, by the rules of Matrix multiplication, it must be true that



So a generalised matrix that fixes F could be described as

Where  can take any value. The values of  are irrelevant for the purposes of fixing F since in multiplication these values are multiplied by 0.
One of many examples of a suitable matrix could be

Although the simplest (arguably) would be
 or 

Find a matrix N which crushes, ie fits 
Similar to M, we can represent N as 
And by the rules of multiplication we get



So a generalised crushing matrix could be

Where  can take any value. This time it’s the values of  that are irrelevant, because this time it is these values that are multiplied by 0.
The simplest non-zero matrix that N could be is probably 
Find a matrix that both fixes F and crushes Z
For a matrix to do both of these functions, it must meet the criteria of both M and N.
Let my new matrix be labelled Q, represented as 
It must follow the rules of M and N, so






Which leads us to the generalisation 
Where  can take any value.
Can you find any vectors fixed or crushed by ?
If you had the vector , and this vector was to be fixed by J, then your vector would have to meet the STRINGENT requirements of



Since these requirements are always true no matter the values of a, b, or c, our matrix J will always fix a vector. The only way it could crush a vector is if that vector was already crushed, ie, if it was . This would both be a fixing and a crushing though.
Can you find any vectors fixed or crushed by ?
With our vector , fixing requires the values of a, b and c to meet the conditions
1) 
2) 
3) 
Using 1), we can see that 
Substituting this into 2), we get that 
And from this, using 3), we get that 
And then using 1) again, we get 
There might have been a quicker route to this, but we now have two conflicting statements, namely


This suggests 
The only value of  for which this is true is , which in turn leads to  and . So the only vector which is fixed by K is .

However, a generalised vector that is crushed by K can be found. The conditions to meet this time is



With some algebraic jiggery-pokery, we can reach the vector, which if substituted into the above requirements, can easily be shown to work.
Can you find any vectors that are fixed or crushed by ?
The requirements for fixing this time are



From the second condition, it is clear that , altering the other conditions to


[bookmark: _GoBack]This leads us to  and , so the only vector that is fixed by L is once again . (However, all matrices will fix this vector, since all numbers will be multiplied by 0, so it isn’t really saying much!)
The requirements for crushing will be



By substituting in , the requirements become


Which can be manipulated to show that , so this again means that , and by extension,  and 
So, the only vector that can be crushed by L is a vector that is already crushed.

