X | % )K Exam 2
Modern Algebra I, Dave Bayer, April 1, 2008
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Please work only one problem per page, starting with the pages provided. Clearly label your answer. If a
problem continues on a new page, clearly state this fact on both the old and the new pages.

[1] How many different necklaces can be made from 12 red or blue beads, if we consider rotations to be the
same necklace?
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[2] How many ways can 4 checkers be placed on a 4 by 4 checkerboard, if two arrangements are considered
the same if they differ by a symmetry of the dihedral group D,?

_ Xal  G=D
3![)(5\ #ob = I—léT:?é'él ', i 4
L|1920 _(16) - 16:15-1M.13 _ y.5.9.
Al 2% %‘5% x= ()= g557- 308 ,
20 al, my fanvil€ plme!
IR ¢ A= LT{{S,
%.
©E| 2978 — 16§ Z liees m boffom,
c top rép
X,?,z 52,52 T plck’&.’ﬁ’“mm&
Y ( (g)_;%= 4= 2%
016 = (":f)—; Ly
Lol = 252 = | gt Nme onOrq 4
3 P 20t tine. oiF dngy 6
k1) ]
Lt

= (414140 | |
= 2414 e (PN=26 ¢5Z




(3]
1. Find two groups of order 8 which have the cyclic group C; of order 4 as a normal subgroup.

2. Find two groups of order 18 which have the symmetric group S; of order 6 as a normal subgroup.
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(4] Let A, be the alternating group of order 12, of all even permutations of {1, 2, 3, 4}. Find a nontrivial normal
subgroup N of A,. For your choice of N, what is the quotient group A,/N?
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[5] Let A4 be the alternating group of order 12, of all even permutations of {1,2,3,4}. Let H be the cyclic
subgroup of order 3 generated by the permutation (12 3).

1. Is H a normal subgroup of A;? Why or why not?

2. Let X be the set of all 3-element subsets of A,. Let A4 act on X by conjugation. H is an element of X;

what is the size of its orbit?

3. How many orbits are there, for this action of A; on X?
y Gjuan®

) H=30, 02,0223 Y

(2)EO H (D)6 = 3 O, (12)60023)02EY), n§

ON123)02)z4) = (142) Hh
A2 (3 \(ﬁl V(3 H

21l i H%aHﬂ"l

S
o 9=C1)3)

2) A, = gti) G2)(z4),.  (123)

> ¥ |
md Me 8 B-cydes come m & pals related by squardy -

So H has at most U congvgates, Codnh‘wj H fzef,

T t v any q¢H, gfta' #H bt
T ol aggear e %él—\,} gﬂﬂﬁ-l =H @amﬁé’@
S0 tonyugates of H correspond o wseRR <f "_L " ff; 2 ¢

ves (B

Chede explictly we con veach eqach one

(12 2) (W 2 3) (1 2 3)
(12)(34) L l L (l'ﬁ)(‘?,‘-f)l.l l (lH)L’L‘ﬁ)Ll l | Orb\\x has
(21 4) (34 1) 4 32 Size 4

= (uz) = (13%) =(243)



C‘S ) fonhﬂuea>
2) bulreterdegrvaght P

IX]|= (%)= IZ_%'_{_), 220 subsels.

Ay onoists o 3 demedt tyges = O, (123), (12)(34%)
1 8 z

Faovots = fg\%e{xﬁ\ where |X,|= 220

e simel~1 heed to count lKGw\ ah d |X(n_)m)\
B eah & (122) and (1D(34), hoot oo ey act on At

by onjvgatin?

(123): 0O (123) (122 EFB) o
& & @ 7N 67> \
(12)(34) () & (o) Cde— (o)

70N
() € )

ADIEDE O (DED G3)ED (1))
& & (2 (N

Clzbe’%w)
Cerr ) € (0 )
(o) E(D)

() & ()

0¥ 3=]4++] | | (DY) 3= [+1y]
=3 > = [+2

[X@7-5§: t | X(n.)(a‘t)l 720

"
HY=16




( S, rynhHnveo )@

LS (xg) =
(G| 366 4 |2, ( IXU\ i 81)((12—3)\ ! 5,/\/61)(3%)\)

—= T‘;—(ZLQ-P'%'LI *%'20)

32 69
- 1L
5 (212) = 26

) [26 obiy)




