QUESTION:

A miraculous machine tosses a coin an infinite number of times in one second and the result is recorded as an infinite sequence of zeros and ones (one for a head and zero for a tail). Suppose the machine is reset and the tosses of the coin for the next second are recorded in the same way. Further suppose that the machine goes on doing this for ever. The record of the results is an infinite set of infinite binary sequences. 

Show that there is some sequence of tosses that is never recorded by the machine. 

Show that the infinite set of finite (or terminating) binary sequences can be written as an ordered list whereas the infinite set of all infinite binary sequences cannot. 
ANSWER:

After being utterly confused while surfing the net I decided to try and attempt this question that I randomly stumbled across due to the universes infinite wisdom. It seems interesting and I thought why not attempt to see if I can do it. The vast idea of infinity in this “miraculous machine” is truly amazing or crazy. 
Well before I begin let me just iterate that the machine is indeed miraculous to even be able to attempt such a feat.
Firstly it is throwing a coin a infinite number of times. (No human could attempt such a task. Well you could if you want but your get extremely bored and die before you even get to a google (not your favourite internet search engine). Hmm, I wonder how many times you could toss a coin in every second till you die. But now I am getting sidetracked.
Secondly the machine has to be able to record the results really quickly. That in itself would just be amazing. If it can’t do that, well, it’s going to be processing all that information for a long time. The sun will eventually blow up so it’s going to need to be invulnerable and some how produce its own energy to keep working in the vastness of space. 

*cough* *cough*

Okay I’ll return to the question now.
So we got an “invulnerable, miraculous, energy producing” machine throwing a coin infinite times. It records its results in an infinite expanse of memory as binary digits.
This means it would throw an infinite mixture of heads and tails. i.e. infinite mixture of 0’s and 1’s would be recorded.
So let’s imagine machine only ever throws heads. 

Now common knowledge states that probability of throwing a coin is ½ for each face. There is nothing odd about this coin. Just a normal simple coin hoping it does not get blown to bits if sun explodes.
Now we can work out probability to get a number of a certain side but multiplying 0.5 by the number of times we throw the coin. This is just your average probability calculations.
So let’s say there are 2 throws of a coin. Probability to get 2 heads is 0.5 * 0.5

Probability to get 4 heads on 4 throws = 0.5^4

Probability to get n heads on n throws = 0.5^n

Probability to get infinite heads on infinite throws = 0.5 ^ infinity

This gives us a sequence where 0.5 will continue to half an infinite amount of times.
As number of throws tends to infinity, probability tends to 0.

Although technically it will be 0.0000 ~infinite 0’s~ 1   its so small we presume it will be 0. Very similar to the ideas of 9.9~ = 1 which is just crazy as well.
What does this mean though if we get probabilities that tend to 0.
IT WILL BE IMPOSSIBLE
Uh? Impossible you say. Well it makes some sense. As it is an infinite number of results it will never finish. If that’s true then all possible results would be like that and never finish.
And that’s exactly true. All combinations of heads and tails will always be a probability of 0.5 ^ infinity.
So no sequences can ever be recorded.
If I am doing this correctly keep enjoying this long blasted write up. Maybe I should have turned it into binary numbers. It’s much nicer then long winded writing. Too late now though. 
Anyway continuing on with last part, if all what is above is true, then the machine will never finish its recording of first line of results. As the sequence cannot finish it is impossible. 

NOTE(Remember there was no mention of time to actually record all the data. It only provided a time to throw the coin an infinite number of times. If we were given a time then that would be extremely odd as the infinite would be done in a finite time….no lets stay away from that)

 Therefore we can’t get a list as first sequence has yet to be finished and never will be (unless there is an end point in world of numbers and therefore my little note about being done in a finite time could be possible in some ways. But infinity is such a crazy subject. Infinity really is just a collection of numbers that starts at end of possible counting limit to forever)

If the coin is thrown a finite number of times then it will finish recording easily as it will have a noticeable probability and at reset will be able to record next load of results for coin toss. So we can get a sort of list if was written on some resizable paper and machine could be powerful enough to make a press of the enter key.
Also imagine having results in a square. The image on left has a definite shape on 3 edges but will just make a list forever. But have a look at image on right. It has no dimensions. It’s too incomprehensible to even exist have some sort of shape.

Although we could imagine a rectangle we can’t show an infinite. 


[image: image1]
If it’s a collection of numbers to forever we never going to be able to draw it. Unless we do the following:

[image: image2]
But that’s just being smart. If someone does that, lock him/her/alien species in the nearest cupboard. It’s for amusement purposes. If they are an alien then let them off as they probably more advanced than us and know what the hell they are waffling on about.
Now either I have waffled on about absolute nonsense or I actually talking some sense. Well I won’t know till I see the answer which probably will be no where near 3 pages long or it might be INFINTE which would be a scary thought. Now I have done too much writing and I am going to sleep for an infinite amount of time. 
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