Exam | So|u+-'ogs._

@ A 3‘3—2{3 IS a set with o binarJ oFe,raH‘ion such +hat +he bf"ﬁ‘y ‘-"P“""H""

s associahve, has an fden{-iiy, and every element of the set has an inverse
tn +he  set.
(Z, +) Is

a 3muP Since adotl'na +wo l'nhje.rs Hr‘dds an inkjcr
addu"l‘ion is

’ f*‘“kjr.r’
asseciobve , O s e I'Jen-l’-h"(y', and  He inwerre of aef is ~aeZ .
Af‘Hﬂouala (Z,-) is o b

in‘kjcr, + is

@ The  orde, of ‘j is +the smallest poSr"Hve r'n1lt3¢r n  svch  that an‘-‘e (if
i+ exis']-s). TF no such

r{j oPeraﬁon since  the Fmo(ur.'i" of 2 r'nJ-cJer.f is an

not a 3muf3 Since the elemant e 7 has

ne inverse in 7 .

n exisi-s) 3 has r'hp.‘ni*)le order

Tf gh= e, this daes .fil‘- mean +hat ’jl = T onl('j means  that '3, ’ ‘s

@ Z(G)= EBEG I Ej=j§! Vge 63 Is a SuLamuF of G.

Froof  Nete  Hhat eg=9e= g Vje G, s ee 2(6) and 2(G) ;s nohem’)"a.

2':;27,6 Z(a), Then 't'ia‘-'j?; and %22':32'7— Vgeé\
any 9€ G, we hove

SMPFoSe
For

G—‘ni"z)g = 2 (%)= 2, (3?;) SCEVET (32,)%?_ = 3(3-223,
Thes, 2,2, ¢ 2(g)

If 26 200) then

99T = 3=’5§‘31 = 3%"=2"3 VgeG.J
o 27 ¢ 2(a). Thus

2(6) ¢ G La Hee SuLarouP test. A

@ A gmu‘: G is  abalian (+F Ca'n)ql';abtlaﬂl Va,be G,

PL'L"_{,: ‘Suppose first Hhat & s abelian, o4 a,be G By the Shoes-Sucks

Propertys (a8 = b0 bt since G is abelian, ba™'s 0o b
Thug (al:.)" = 2 [—,"'

Conversely, suppose. that (ab)™'= a”'b™' ¥y | eG. let abeg
Then (_ab)(ah)q'-.- (_al:)(a"’a")‘—‘é’. > aba’'- b

o = O\.L = ba.,
T_"\u.s] Goois aLe.}t'cm. 2
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ez‘lu’wo_lcnce relabon on S|

=y

Procf Let R e S. Thun X=1X and lélel so X~ X and ~ is reflexive.

. o~

R I n
Sbﬂoos;e. 9,365 and Qr\-j, “Then E])\e{R* <.+ ll.j=/\)(. Since A# 0,

«

we have X = —;\' 9 with -}l\— = IR* . Thus, 3}~ 2 and v s Sﬂmme‘fh‘c.
AT A A *
Surrose X, 4 % eSS  with X’“;j and ’n‘n 5_\ Then —:—f/\, M€ R™ s.+.
i : ¥
E";AQ ond %\'—'/43\ Than ‘/g-\-:/u,(,\f)-_-.- (j)()\);{\ Since /MAETR)
e La.vﬂ Q ~ ,2‘ , S0~ s  +ransihive . ﬂus‘) ~ s an gczuﬁ valence

relahon on S,

The eiu;valcn& tlass of ¢
gre  parallel + R,

© 6-2z,

is tHw sef oF honzero veclors IR3 +hat

The aanera&ors of G are elements : & Z% s.f. 3(;0( (J,3G)=|,
These  are -

IJ 5: 7,“1 Té!ﬁ;ﬁ'ﬁ;a_épa?';s—r, 3—5.
The # of Sul:arwfs of G is He # of P-o:f-fh'w- divisors of |G| = 3¢,

These are 1,2, 3, 4,6,9.12, 1%, and 36,50 G ha.s subamufs.

Siace 1 ﬂeneral—f_s G, a aemra.-l-or for Hea S‘ul-gmup of ordec K j< —r-;;:'T: E—E
Order of Suligiu—u'? Gengrator
| B = X
2 s = 3%
3 17 = ggg P
4 q
A 7
9 y
12 3
¥ 2
36 T
The 8 of

o_[e_mgn-}-s °'F G o)c order 9 (s ¢C") '-'@ )
[ 3tz 46,7,93]



