WARNING! VERY ROUGH DRAFT!
SPOT THE CARD
Why does the trick always work?

The trick always works because a card in the central row and column, stays in the central row and column. Furthermore, the central row is the only row where, after an application of the operation, a card will remain in. In order to further analyse this, the operation itself will be examined more fully.
R= number of rows in entire arrangement

W=width of arrangement

P=position

1. The dependant variable within this operation is the row in which a card is in. The column where a card starts is irrelevant, as this is always collected in the middle when the operation begins. Thus, if a card begins in a row, and after an application, ends up in this row, it will continue to do so on further applications, even if its column changes.
2. When the word ‘position’(p) is used, this means that when the arrangement is set out row at a time, the card was the “position”th to be dealt out eg If a card was dealt out fourth, it is in position 4. Generally, the column is determined by p mod w. 

3. The row of the position p is n where 

n= 1+((p-1) – (p-1)modw)/w. Basically, n is the largest multiple of w less than   p.

        4. We are assuming that both w and r are odd numbers, or else there would be no 
middle row or middle colum.

The operation mathematically entails the following. Add the n of the original   position (p1) to the total number of rows, r, in the entire arrangement (5 in this case) (this is when the row picked is put into the middle and then shuffled out a row at a time). The new position in the arrangement is n+r. Therefore, the new row is:  
nm=1+ [((n+r-1) – (n+r-1)modw)]/w
Now, in order for a card to stay in the same row:

nm=1+ [((nm+r-1) – (nm+r-1)modw)]/w

In the case of this operation, nm ​is equal to the middle row of the entire arrangement. This is simply (r+1)/2. The other requisite for the operation is that the card must end-up and stay in the middle column. Hence nm+r mod w = (w+1)/2. Thus:
w({(r+1)/2}-1) + (w+1)/2 = p = r + nm= r + (r+1)/2
w(r+1) -w +1)/2 = (3r+1)/2

wr +1 = 3r + 1 ( w = 3. 

So we see that, in order for this particular procedure to work, w = 3, and no other value. We have also deduced that this works for any odd r. 

In order to be fully rigorous, it needs to be shown that there is no other such row where the target card will stay after application of the procedure. If this is so, the trick would not work for certain starting positions, as the card would never reach the middle position. Let us call Y the row for which this happens. It will be shown that Y must equal (R+1)/2. If it has this property, the following is true (we know w=3):

3(Y – 1) + 2 = r + Y

2Y - 1 = r

But then Y = (R+1)/2 QED.

But what if the card becomes fixed in a p mod 3 = 1 or 3? It will be shown that this is impossible:

3(Y – 1) + 1 = r + Y        

2Y = r

Or 

3(Y – 1) + 3= r + Y

2Y + 2 = 2(Y+1) = r

Both of these cases lead to a contradiction in that 2|r. But it is already known that r is an odd number. Therefore the assertion that there exist ‘stationary’ positions p mod 3 =1,2 is false.
Trick length

It is proven that for an odd r and 3=w, the trick works. But, no assertion has been made over the length of the trick:

1. As the middle row m leads to itself and column 2 regardless of column, at most 1 application is required for the central position.

2. How does one get to the middle row from another row?

By the formulae above:

 As (nm + r) = 3(nm-1) +2, then:
The row after the middle leads to the middle row, right column

(nm+1 + r) = ((nm+1) + r) =  3(nm-1) +3 

The row before the middle leads to the middle row, left column.

(nm-1 + r) = ((nm-1) + r) =  3(nm-1) +1

Thus, if one starts in the rows either side of the middle row, one ends up in the  middle row after one application. From there, we have already seen that the central position is occupied by the target card after a further application. Using the same reasoning as above, it can be shown that three rows lead into each nm-1 and nm+1 after an application (using the above expressions);
Starting with positions in the nm-1 row and noting (nm + r) = 3(nm-1) +2 and 
3(nm+1)= (nm + r) + 4:

3(nm-1 – 1) + 3 = 3((nm -1) – 1) + 3 = 3(nm-1) + 0 = (nm + r) -2 = (nm-2 + r)
3(nm-1 – 1) + 2= 3((nm -1) – 1) + 2 = 3(nm-1) -1 = (nm + r) -3 = (nm-3 + r)
3(nm-1 – 1) + 1 = 3((nm -1) – 1) + 1 = 3(nm-1) - 2 = (nm + r) -4 = (nm-4 + r)

And similarly:

3(nm+1 – 1) + 3 = 3((nm +1) – 1) + 3 = 3(nm+1) + 0 = (nm + r) +4= (nm+4 + r)

3(nm+1 – 1) + 2 = 3((nm +1) – 1) + 2 = 3(nm+1) -1 = (nm + r) +3= (nm+3 + r)

3(nm+1 – 1) + 1 = 3((nm +1) – 1) + 1 = 3(nm+1) -2 = (nm + r) +2= (nm+2 + r)

Now it follows inductively that for any nm±i , there are three rows which connect to it (provided the arrangement is long enough):


(m+i used for brevity. Same principles apply to m-i)
3(nm+i – 1) + 3 = 3((nm +1)+ (i-1) – 1) + 3 = (nm + r) + 4 + 3(i-1)= (nm+3i+1 + r)
3(nm+i – 1) + 2 = 3((nm +1)+ (i-1) – 1) + 2 = (nm + r) + 3 + 3(i-1)=(nm+3i + r)

3(nm+i – 1) + 1 = 3((nm +1)+ (i-1) – 1) + 1 = (nm + r) + 2 + 3(i-1)= (nm+3i-1 + r)

It also follows that nm+i+1 connects the ‘next’ 3 rows, by substuting i=i+1. By this it is meant:

nm+i+1 (  nm+3i+2 nm+3i+3 nm+3i+4
Now, to tackle the issue of length we again note that the following connections take place, using this principle above:
nm+1 ( nm+2 nm+3nm+4

nm+2  (  nm+5 nm+6nm+7
nm+3  (  nm+8 nm+9nm+10
nm+4  (  nm+11 nm+12nm+13

As the trick takes 2 applications from nm+1, it must take 3 from nm+2 nm+3nm+4 (r=5,7,9). But nm+5…………. nm+13 are all connected to these three. So  cards within the range nm+5…………. nm+13  (r=11……27) take 4 applications. Each of these is connected to three each, and so on. After examining the pattern, one finally arrives at the following rule:
For an arrangement with r rows, the number of applications required d is derived from the following relationship:
(3d-1-1)/2 ( (r+1)/2

3d-1-2 ( r

As powers of 3 are odd and r is odd:

3d-1( r
Where d is the largest number such that the inequality holds.
(Sorry if this seems sketchy, I have a proof but I’ve run out of time!)
Zodiac

For the general operation tni, the following are generated:
(1,2,3….n)1(1,2,3…n)2……….(1,2,3…n)i
It follows that, in the first bracket, some natural number less than n, say x, is connected to x+1modn (the same way 7 leads to 8, or 8 leads to 1 in the example in the question). In a second bracket, it is intuitive that (x+1)mod n connects to (x+2)mod2. Therefore, for the two brackets overall, x connects to ((x+1)+1)mod. If yet another bracket of (1,2,3,4…n) is added to this resultant, it follows that x now connects to ((x+2) + 1)mod n((x+3)mod n. Inductively, for the i identical brackets, x connects to (x+i)mod n.

The resultant bracket shows that (x+i)mod n correspondingly connects to (x+2i)modn etc until some x+ki mod n ( x, in which case, n|ki and a complete cycle has been formed:

(x [x+i]n [x+2i]n …… x+(k-1)i)  (x could take and value 0<x(n.)

Now the length of this given cycle, k, is the smallest number such that ik=nr, or k= LCM(i,n)/i. Now, if i and n are coprime, the LCM(i,n) = in #. In this case the length of the cycle is k=n. This can be seen in the shown values in the question where i and 8 are coprime (eg, 5, 7, 3). 
How can the number of brackets be determined? Well, for any starting value             +int x < n, the length of a cycle formed is shown to be k. So it follows, if more than one bracket forms as a result of the addition, there are k terms in each bracket. As there are no terms in common between the brackets produced (intuitively as any x mod n may connect to only 1 (x+i)modn, and inductively (x+i)modn( (x+2i) mod n( ……..x. If the brackets had a term in common, they would be the same cycles), and there are n possible terms, the multitude of brackets produced must be n/k 

As predictions for the values you put forward:

T232  contains just one cycle as 2 and 23 are coprime hence k=n therefore n/k=1.

T1030 contains k= LCM(10,30)/10=3. Therefore there are n/k= 10 cycles.

Strangely, this connects somewhat with the other question on groups. k = the prime factors of n that are not factors of i. 
# Proof that if i,n are coprime, the x= in.

If this statement is untrue. Let d be the LCM. Now d<x or else x would be the LCM as desired. So let d<x. By definition, both i and n are factors of the LCM. It is to be  shown that w=n and y=i must be true: 

iw = ny=d
i/n = y/w

as i and n are coprime, i/n is in its simplest form. Therefore, either y=,I n=w in which case d = ni = x contrary to the assumption that d<x. Or y=hi and w=hn. If this is true:

d = nhi = xh.

But that means that d>x! So the assumption that d<x= in leads to a contradiction therefore the x=LCM(i,n).

Whats a group?

(1) CLOSURE For all elements a and b in the group, the element a*b is also in the group.

(2) ASSOCIATIVITY If a,b and c are in the group then (a*b)*c=a*(b*c).

(3) IDENTITY The group contains an element e, called the identity, such that if a is in the group then a*e=e*a=a (this implies abelian group, does it not?)
(4) INVERSES If a is an element in the group then there is also an element
in the group a', called the inverse of a, such that a*a'=a'*a=e.
1. The operation of subtraction on the set of all positive integers contravenes condition (1). For any x, one may choose some y>x such that x*y<0. But this contravenes the condition that x*y ( G, as any number less than 0 is not a member of natural numbers. The set of all natural numbers with the operation of addition do form a group because for any elements of N, (j and k), j*k>0 and an integer. 

2. A rational number, by definition is expressible as m/n where m,n ( Z n(0. With the operation of multiplication, the following occurs: m/n * t/y = mt/ny. Once again, both the numerator and denominator are integers (also n,y (0), hence closure is achieved. When one investigates division, the following may occur:
Let t=0 (it is a numerator so this integer is allowed)

(m/n)/(t/y) = m/n x y/t = (my)/(nt)

But now the denominator is equal to 0. Any real number divided by 0 is not defined within the set of rational numbers. Therefore, condition (1) is contravened; closure is not achieved.

3. The set of all positive integers fails to form a group due to a contravention of (4). By condition 3, there must exist an identity element such that a*e = a. The only number which fits this requirement for e is 1. By (4) there must exist an a-1 such that a*a-1= e = 1. But for the operation of multiplication a-1 equates to 1/a. But for an a > 1, 0 < a-1 < 1. Then a-1 is not an integer, therefore not a member of the set of all positive integers; therefore a group cannot exist.
4. The set of all positive even integers would also contravene (4), but before that stage it is noted that no identity e exists in this set. For any real number, the identity element of multiplication is 1. But 1 is not an even integer, and therefore not a member of the set of all even integers. This contravenes (3).

5. m*n=m+n+1. The identity e, is defined as being an element such that 

m*e= m or (as all the operations that make up * are not affected by order) e*m = m. (   m*e = m = m + e + 1 (  e + 1 = 0 (  e = -1.


The inverse element, m-1, has the property that m*m-1 = e. 

· -1 = m + m-1 + 1

· m-1= -(m+2)

6. m*n=m+(-1)mn. The identity element e must exist:
(m*e= m+(-1)me = m 

( e = 0 (works for e*m as well)

m*m-1= e = 0 = m + (-1)mm-1
m-1 = -m/(-1)m

if m is odd, m-1= m. If even, m-1=-m

7. x*y=xy+x+y in R

x*e= x = xe + x + e

( xe = -e. Assuming e(0, e=-1. But this is not defined in the parameters of the group. Therefore, e=0.

x*x-1= xx-1 + x + x-1 = 0

( x-1(x+1) = -x

(x-1 = -x/(x+1) (hence x ( -1, or else x-1 is not a real number, which  would contravene the properties of the group)
Groups of sets

A*B=(A∪B)-(A∩B)

To prove condition 1:

If A and B are in the group G, they themselves are elements of G; if not they would not be in the group. As S contains all subsets of G:

G = P(G) (power set)

As A(G and B(G, we conclude that A,B ( S (( because A and B are not necessarily proper subsets; they may themselves contain S). Now it must be shown that the result of * is also in G.
The operation A∪B defines the set formed by combining elements of both A and B. Now A and B contain only elements of S. Therefore, the union of these two sets can only contain elements of S. If the union contained some elements other than those in S, A or B or both contain elements other than those in S, contrary to out original condition. It follows that the resultant Set must be a subset of S. But remember that G contains all possible subsets of S. Therefore A∪B(G. (remember that G contains S and (. Therefore, even if A∪B=S or (, the result is in G) 
The operation A(B defines a set of all elements common to A and B. But as A and B only contain elements of S, A(B must contain only elements of S. If the intersection contained some elements other than those in S, both A and B contain elements other than those in S, contrary to out original condition. Therefore A(B is a subset of S. Therefore, A(B(G. (remember that G contains the empty set as well, thus if A and B are disjoint, A(B is still in G).

Putting these two operations together, we find we need to subtract the results. 

Now we assert that:

A∪B ( A(B. Logically, the elements common to A and B can at most be the elements in both A and B, in which case A and B are equivalent. Therefore, in subtracting:
A∪B - A(B ( 0(or rather, ().

So the ‘least’ result of subtraction is the empty set, which we have already seen is in G. 
If A(B then the result of this subtraction must also be elements of S; the union and intersection produce a subset of S; so the elements which are in the union but not the intersection are still logically a subset of S. Therefore the result is in G. 

So, it is seen that the operation has closure.

(2) assumed
(3) What is the identity element?

A*E=(A∪E)-(A∩E)=A

The ( is the only member which has this characteristic.  ( is a member of all sets (bar itself) as if it were not a subset of a given A, it would need to differ by at least 1 element. But it has no elements by which to differ therefore is a subset of all sets. The empty set fulfils the E role as (A∪() = A and (A∩ () = 0 for any A.
(4)The inverse of an A then has the following property:

A*A-1=(A∪A-1)-(A∩ A-1)= ( 

The intersection of the two sets must equal the logical sum of both sets. Thus the elements in both A and A-1 must be the same as the elements common to A and A-1. This is fulfilled if A = A-1. Condition (4) is met.

{1,2,4}*X={3,4}.        
({1,2,4}={3,4}*X-1

( X-1 = {1,2,4}*{3,4}-1

But, X-1=X for any X, so:

X= {1,2,4}*{3,4} = {1,3}

Binary Sequences

For any n number of these tosses, it can be shown that there are some sequences that are never achieved:
1: 1010010101101…..

2: 1110001010011…..

3: 1100101010101…

…………..
…………..

Imagine that all sequences are listed in the diagram above. It can be shown that one can produce at least one sequence that is not in this matching by making a number which differs from each sequence by at least one number. Starting at the first row, take the first number in the sequence. If this number is 1, record 0 as the first digit of a new number. If 0, record 1 (in this case, record 0).

For the second number in the sequence go to the second column of the second row and take the ‘opposite’ of this number (as done above). Continue in this fashion, diagonally, until the nth row is reached. It is certain that this number differs from all others by at least 1 number in the sequence. Therefore the assertion that all sequences are listed would be an erroneous one.
This infinite list of infinite sequences could not be written as an ordered list either; doing so would mean that one would need to find a way of ordering these infinite sequences. If such a method were to exist, one would be able to assign a natural number to each sequence:

1st: 1010010101101…..

2nd: 1110001010011…..

3rd: 1100101010101…

…………..

…………..

So in the list above, every sequence of binary digits is matched to an integer. But, using the diagonal method, it can be shown that there are always sequences which are never in this matching; sequences cannot be ordered if not all the sequences are listed.
The infinite sequence of terminating sequences can be written in an ordered list because each sequence can easily be shown to correspond to one and only one integer. If one takes the sequence, and converts it into a binary number, a set of unique integers result. For ease, these may be converted into decimals.  Eg

01 ( 1st
10 (2nd
11 (3rd
…….
If one tries to employ the diagonal method on terminating sequences, one cannot produce a number which is not in the matching. The length of any sequence is arbitrarily large, but not infinite. Producing a diagonal sequence ending in the nth row, produces a binary sequence n numbers long. This can be converted into an integer by the process above. Thus, it must be in the listing as every sequence has been assigned to an integer.
I realise this is just about quoting the diagonalisation proof a la Cantor…sorry.
SHUFFLES-SHEFFULS

I think perhaps I have misunderstood the question, but could one not make an arbitrarily large amount of shuffles? If one is allowed to use numbers repeatedly eg:

(1 4)(4 3)

Could one not arbitrarily continue creating and closing cycles? Eg:
(NB Assigning numbers 1(8 to the letters in both words))
(1 4)(2 4)(2 1)…[repeat this sequence an arbitrary amount of times] (3 7 6)
As long as one does the minimum shuffle (3 7 6), the letters are successfully shuffled. One could write:

(1 4)(2 4)(2 1)… (3 7 6)
(1 4)(2 4)(2 1) (1 4)(2 4)(2 1)… (3 7 6)
(1 4)(2 4)(2 1) (1 4)(2 4)(2 1) (1 4)(2 4)(2 1).. (3 7 6)

(1 4)(2 4)(2 1) (1 4)(2 4)(2 1) (1 4)(2 4)(2 1) (1 4)(2 4)(2 1)…… (3 7 6)

As I say, I have probably misunderstood the question. Sorry…

