
Mandatory Assignment MAT2200

SPRING 2013

All the individual subproblems carry the same weight, and to pass you need a score of
about 50% (which means 7 of the 15 subproblems). The assignment must be handed in
in the special box at the 7. floor in Niels Henrik Abels hus (mattebygget) before 14.30
Thursday 14. March. Remember to fill in and attach a front page — front pages are
found nearby the box. You may also find them on the net.

Problem 1. Let H and K be two subgroups of a group G and assume that the order
of K is greater than the index of H, that is |K| > (G : H).
a) Define the map � : K ! G/H by �(x) = xH. Show that � is not injective.

b) Show that the intersection K \H is non-trivial, i.e., K \H 6= {eG}.
c) Show that if a 2 G, and ord(a) > (G : H) then for some integer satisfying 0 < m <
ord(a) it holds that am 2 H.

Problem 2. Recall the following two formulas about permutations from the alter-
nating group A5. (You are not obliged to prove them, but highly recommended to
understand them.):

(a1, a2, a3, a4, a5) = (a1, a5)(a1, a4)(a1, a3)(a1, a2)

(a1, a2, a3) = (a1, a3)(a1, a2)

a) Use the formulas above to show that A5 is generated by the elements of order two.

b) Show that

(a1, a2, a3, a4, a5)(a1, a3, a2, a4, a5) = (a1, a4)(a2, a5),

and use this to show that A5 is generated by the elements of order five.

c) Show that
(a1, a2, a3)(a1, a2, a4) = (a1, a3)(a2, a4)

and use this two show that A5 is generated by elements of order three.

d) How many elements of order four are there in A5?
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Problem 3.
a) Show that there is no subgroup in A5 of order 15. Hint: If H were such a subgroup,
any five-cycles would lie in H by problem 1 c). Conclude by 2 b).

b) Show that there are no subgroups of A5 of order 30 or 20.

c) Give examples of subgroups of A5 of order 12 and 10. (You may use without proof
that the symmetry group of a regular polygon with n-corners is of order 2n).

d) Are there any subgroups of order 6 in A5? (This is challenging.)

Problem 4.
a) Let a and b be two n ⇥ n-matrices in Gl(n, C) such that a2 = b2 = �I, where I
denotes the identity n⇥n-matrix. Assume that (ab)2 = �I. Show that ab = �ba. (Such
matrices exist, but you are not supposed to prove it. You can assume it.)

b) Show that Q = {±a,±b,±ab,±I} is a subgroup of Gl(n, C) of order 8.

c) Recall that the center Z(G) of the group G is the subgroup of G consisting of
the elements commuting with all elements from G, i.e., Z(G) = { g 2 G | xg =

gx for all x 2 G }.
Show that the center Z(Q) of Q equals the cyclic group h�I i generated by �I,

and that Q/Z(Q) ' Z2 ⇥ Z2.

d) Show that Q is not isomorphic to the symmetry group D8 of the square. (D8 is also
called the dihedral group of order 8 and sometimes denoted by D4.)
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