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(2) 2016 = 2°-3? - 7. By The Fundamental thm of fin. gen. abelian groups (0,5 p) the
non-isomorphic abelian groups are: Lig X Ly X Ly X By X Loy X Xz X Lig X L7,
Lo X Ty X Do X oy X Uiz X Lz X D, Lo X Ty X Ly X Tz X Lz X iy,
Ly X Ty X Lg X Ty X Lz X Loy, Ziy X 7y X 13 X Ly X Yo,
ZQXZ16XZ:J,XZ3XZ7, Z32XZ3XZ3XZ7;

then just as many but with Zgy instead of Zz x Zs.

(3) (a) The alternating subgroup is normal, here A4 (1p). Moreover, there is the Klein

group K = {(1), (12)(34), (13)(24), (14)(23)} (1p).
(b) (1p) (c) For example, (1)< ((12)(34)) < K < A, < Sy. (2p)

(4) (a) Standard exercise. (2,5p) (b) Proposition 4.6 in the course book. (2,5p)

(5) By definition any f; € A and g; € B can be written as f; = f;j2® + fioy* and
9i = ganx* + giny® where fij, gi; € Rz, y]}. (1p)
Hence, an element in AB is a finite sum of the elements on the form
(faa® + fioyh) - (gna® + 92y®) = fagnx™ + [u9e2®y® + fognx'y* + figny” =
fagnx™ + (fingie + fgnzy)2®y® + figiny” = puz” + pp®y® + pisy” with p;; €
R[z,y]. As any element in AB is a sum of multiples of 27, 2%y® and y7, these three
monomials form a generating set for AB. (3p)
Moreover, the set is irredundant as, for example, 27 can never be expressed as
P13y + poy”. The same goes for the other generators. (1p)

(6) (a) 0,5bp per condition.

(b) For any ¢(112) = mg the additivity condition is fulfilled, and the map is
well-defined as if a =15 b, which is equivalent to a = b+ 12n, then ¢(a) =
&b+ 12n) = bm + 12nm = b = ¢(b) (0,5p).
For the multiplicativity condition to be fulfilled we must have ¢(1;5)¢(112) =
m-m =¢ m = ¢(ly2). Going through all elements of Zg we see that 0, 1, 3
and 4 fulfills m? =¢ m. Thus, there are four ring homomoprhisms from Z,
to Zg defined by sending the identity to 0, 1, 3 or 4. (4p)

(7) (a) Standard exercise.
(b) Both R and Q] are subfields of C, but v/2+ £ does not belong to their union.

(8) See the example in Section V.5 in the course book or the solution to bonus exercies
3 from Nov 2016 posted on Studentportalen.



