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You prove it  from Scratch:  Use  (a^-1 * b in F)
Let    a, b in F. We show a^{-1}* b in F.  Since a, b in F, we have   a^m = b^m = e.
Since  D is abelian, (a^{-1}*b)^m = (a^{-1})^m * b^m = (a^m)^{-1}*b^m = (e)^{-1} * e = e * e = e.
Thus   a^{-1} * b    is   in   F. 
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Good. So  you did not prove it from scratch. You used the result that a finite subset of a group is a subgroup iff it  is closed.
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the binary operation on z_5  is not the same binary operation on Q^*  !!  
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Note that D_4 is the symmetric group on 4-gon (it has  8 elements
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