To answer the question of whether every set can be imbued with a structure called the “well ordering” of a set, we have:

AXIOM OF CHOICE:  Given any collection of nonempty sets, then we can choose one member of each set in the collection. 

Finite collection whose sets are finite:

Collection=  {   { 1,2,3},  {2,3,4},  {3,4,5}  }

I choose  the member 1 from { 1,2,3},  

 
I choose the member 2 from {2,3,4},  

 
I choose the member 3 from {3,4,5}

I can say that my choice rule is as follows:  take the smallest element

Finite collection whose sets are infinite

Collection = 

{  open interval (1,3) of real numbers,  open interval (2,4) of real numbers}

I choose the member 2 from (1,3)

I choose the member 3 from (2,4)

I can say that my choice rule is as follows:  take the midpoint of the given interval

Infinite collections

Collection A= all intervals of real numbers with length 5

I cannot list out what I will take from each so I need a general choice rule that must work for each set.  

I can say that my choice rule is as follows:  take the midpoint of the given interval

Collection B= all intervals of real numbers with positive, finite lengths

I cannot list out what I will take from each so I need a general choice rule that must work for each set.  

I can say that my choice rule is as follows:  take the midpoint of the given interval

Collection C= collection of all nonempty subsets of the real line

So do we accept or reject the axiom of choice??????

Accept means that we must allow that we will not be able to provide all collections with a choice rule, we must accept that we will allow just some random selection of an element from each of its sets and that we can do that. We cannot come up with an explicit rule. 

Reject means that we want the tighter meaning of “there exists” and that we must be able to come up with an explicit rule. Do we try to come up with a weaker form?

To choose one sock from each of infinitely many pairs of socks requires the Axiom of Choice, but for shoes the Axiom is not needed. (Russel)

Given any two sets, one set has cardinality less than or equal to that of the other set -- i.e., one set is in one-to-one correspondence with some subset of the other.

http://www.cut-the-knot.com/selfreference/russell.shtml

