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We abeady saw some exampleo of geobs . So iy S
<ee M ,?wmq Ae-@dﬁbw. Recal Fhod a b!'nona oPmW on
a seb dakeo oo elemudo frvm Hhe set and gl Grothur domank
. the sef.

(Deg'm'h:un A set G with a ‘o?naﬂa O\qub.ow- "+'is colled agmas
n  For amyy a,b,ceG , (ab)c= Q.(bec)
[ie, *** % oasvociatiine ]
(2) Jhere exiss am ok ee ® called Hre Tc\em-\:\"\-a , such,
Hhak Q.-e= e-a=a —gwa.\.k aek.
(3) Tovr ol ae G thewe exish om ok Ae B sudn Yhok
0ha= Q.at=€ . @M b colled He tnese o a.

Rk - He are ok woniking the closine Yroery i
e defiton becamse 0 % a uma chenatitnn so
closune o wlt&vwa-b.cauej ‘50'&‘\'0%2-\5\- HOwevw\.,w\Mw, Ou>\<&€[

wheothol o et Q&%}W o mot , be sune
ChecK  closune 4soo.

2)  Ne wa\rc\: we Hhe Sarm‘oo\ 'y’ —Kcrr ‘%xau' Om} '3’
%:1 Yrore existo.



Defiaition 1 obeG one Froe Somests s a &
"c\maﬁ ane Soid o comnude i# Q-bo-= \oecgf.)*?

\f o amd b emmuke \F O\lbeG, We Soﬁ Gl b
Clocliom . OH\mwise, & to m\\cc\ men-abe\s.om -

@m.o:' b\')‘r\m/\ c_omvcusoa H\Q&'O&Wg
Q

mon-aloelion” ¢ Hame ‘e seen om exonmlgle
b,?q mcr\—ok:eUOW\ 87Lm??

/Be%w; bokif\a ok movre.  @xomples, lets gee some banic
i)w)fem\—(eo o¥ L8 %;uow‘)

oposition 1 ( Onqpamens of idorkiny Someite)
Ju agpoup G, 3 OMJb Qe iclm{-\‘ia elovnend.
(\)ﬂg’ guf‘)?osc. e and —f oot ose, ld@n’c\)ra et .

Sunce eo«:&:—? ane (bx\:i*v&nd , un sdey ’bb%:m
thak the [donk % \lmqua, L we sy ghow Fagd e:f.
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Pvml)ogﬁwcl {jmvme om dement Sn umo\mg,j
E'vv\a doment ae G has om uruoue  INVerse
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,5% o W G, ‘e ﬁﬁawr amd Qe,f-k comcee oo lawy
Aotd i, ba = ca = b=zc 3nd 0Gbac > b=c.
(P_-r_oﬁ i~ Led's %:wa. e, 9~e£4 camecelloflon | Q.e_cwira e
91;L8M comcellobiow 0o om exercise. Su,??ose. ab= ac.
Since o has am dinverse 4o G, lebs rrdeuH(\j ha, & on
both  sides 1o

a*(ab)= 0*(ac)

=+ (0*a)b = (a?a)c [ @sacciative ]

=> ¢b- ec

=D b= Eh.a the C‘Q%rﬁ-"{m ofe].
)

Move examples of? Gl'roukas

_EL_L- In*\ea,«zm ‘Ynedwdo n , Zn.

Realk  fom “MATH I35 that  Zn =5 [07, [13,..., 12}
where  [0] % am equivalamce clary (we'td Leasm oboud them
n move dekail ) Aeiﬁ'necl W



[ad= {bele l a-g 2 divisible L,O n:‘)'

Zn % o W under addihon i Tn (,uo\«ic\« > not He
Same aop oddikon i  Z).
Recall  thot wm  Zn, [81+Tb]= [o+b] . Fhe idenk
element (0] omd the inverse mg omy [a] & Tn-al.
9-8. Consider 'ZH =ito’&,tﬂ, E:l’.\,['b’.\j. Jo see ’f-\ow the
0‘>uaé&cm w W look  like , we'l dvews oo table called the
0“5163 table (tw honoon of the mothamodiciam Arkuo Q%)
» identty
+ | CeJ [ T13| T2 |[3]
Lo o] | T3 | 02) [ T3]
3 07 (23| 12| Te] [ U3) % imverse 0:? [17]
123 | 23 | (33| Ce] | [\J
£33 | T3] [ (] [ DD | [2]

Ex2  The %}-Ou.? 01? unie  omodulo n , Un)

For omy neZ  Hhe s Un) % He Se)fo;e ol
elemerds im Zn which thave inverses. Aao.m, vcca.\kfmm
_MATH 125 thet &€, das an inverse % omd Ov\ldd
80‘3‘ C&, “B = L

ince  we ane  lheck OV\!U these | lomerdo 1n Zn
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uo\u?o\n ’c\ave, fnvev‘sels, SO we ’gwum thak U(Y\) DA ag-._mup



wdor  mulkipliediow i Z, - The ':Aemma w 17

e-j. conasder UU2) . Jhe fnf\eavo o lbetween O om)d 12
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Ex_'b "Drhednal grmbs

Lets UJML_\DAALLC (L\Iemc.s f/VY\PUV*‘-e/v\‘.\- sed 0£
exm?\co colled Hhe dihedvol W Dn, ¥ n=93.
Dn) b.a A@ﬁr\“‘fﬁﬂ ?o ’H’\C 8};0;.;\? o*_E sEjmma)u'eo o Ou
Steaulom n-gen uo\r:e sdmme%-d means an  Opowiiow uwshich
frm‘ah} CL\amgc Hhe, .chlfm‘clmﬁ, Placu) oA BN r\—z,cn bod-
c\oeon'-l; C\'\Ww\% the s\renrod.l Ska‘:e-
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P W P W
R, =Rotation of 0° (no change in position) R,
G B G B
P W W B
R,, = Rotation of 90° (counterclockwise) Ry,
G Bl — " |pP G
P W B G
Ry, = Rotation of 180° R
G B w P
P W G P
R,,,= Rotation of 270” R,
G B|— ™= |B W
P W G B
H =Flipabouta horizontal axis ~ fe=====q H
—
G B P W
. P W w P
vV =Flip about a vertical axis ! v
G!B| — |B G
P, W p G
D = Flip about the main diagonal ) )
G Bl T |w B
PwW B W
D' = Flip about the other diagonal Pl D'
’,
,G B = e P

Symmetries of a square
Credit : Contemporary Abstract Algebra, Joe Gallian

AS ComSeemm—g(melﬁlo M symmebues
e é::j-c\ocl(mise mv‘o&bwg 0°, {10", |?>€g° omx)
9%0°  which ome demoted Ro, Rag 1 Riso Rz
m¥eﬁhv€l& \? azsu Motele Hhe Squone bv sau 360°
th ZW'M 5& bock Q«, amd  etedow b(j S40°
Lol 8,\'\:6_ o K Q\go.



dhe leders on Fhe verdiceo e{ﬂw Squone. amm&a‘
Boe - viual oM to see wohid opodtitu % daling
%\aﬁe_.

The oHun &ammé&ruieo ane Y(’,?\ecﬁnrm - 019‘/\0 o verdicadl
(R Rovizontal Qo , amd ooth e Aio\am\olx.

So | we howe the  seb DA,:in” qu,Qwo; QQ.;O,H, VD,
D

Bud 3'])414 o gruup thoe musd be  some Openalibudso.
dhs b pm\-\a stmple e openatudu %  composiiion 0£
Sdmméku'%, e, ﬂ Suppese S‘ omd Sy ane samme'hdeo then S, will
be perfrming S, and thon perkorming S, s, fom hught to left.
eg. Whot o Re Ry @ We firsh perform K o then Q%
>0 1 leo 2 & R‘io 2 f

Ziso, — = R

G B8 W P B W

Whak o Rypp M 2
We st do H o then do Q%Jco i+

p G B e
NH Razo

S _— :'D
G B P w w B

So ofeart o Hwe coses 4 seemn thod Hu Ope-
Ao B a \o'mcu-a @femﬁuow ,i~e«/ oy S -»QGK.M\J
”L'wo S(cjmmam:u Q/VLA ?v-oc&uolré émothern S(tj'mmél?\d_
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By & ot a\wo-aaﬂib cane 1 Tor ‘thak we_du,s%-

mole the Cogley able for Dy

R, Ry, Ry Ry H v D D
RO R() R()(I RIH() R27() [1 v D D,
R‘)() Rl)() RIX() R27() R() D' D H v
RIR() RIX() R'_’7() R() R‘)() v 1_1 D' D
R270 RW() R() Rw Rlxn D D' v H
H H @ v D’ R() Rlxu le RZ?U
V V D, H D RISU RU R27() Rl)()
D D v D’ H Ry Ry R, Rig
D' D H D V R'J() RZ?(’) R 180 R()
Cayley table

Exercise = Undoutamd Yris deble do

Note Prom Y loble that Ry Senves 0o
Yo  tdenh (the ﬁnmmw omd  Voruhical sows

\oe,low Ro mw\a:vn.zs Lmrtdrxowaed)

for NV ersen , 9‘3‘ Ihverse 04 Hv R ‘Hse\ﬁ
(w\\ic\n maKe  senmse : Too an hoo
Horzmntal L.'EJS ih o Yow shoddd camee) thre

%}) ond  the nverse o?; Q% o Q;l;o
(ogoum amokes Sense Jemmiically ).



Aeo aotice trok QQ;}O-Hz D od H-QQ:}O:D’
30 QQJO'H 7& H. QQ_?—O O W

Dg & mon-abelion

There w nothln s‘oec.ca\ aboud e Squone . We cam +alk oboud
e diheded “powp 0F any sugulan polygon . e guog of
Syemdiieo O 0 Negulan n-gon b the graup Dy o te
OF@ojm % &aafm. the C,om?os?-l:\'om o\;f_ ngme'hh'w.

Fxendse Fond Yre Cag\% table o:". rDS ﬂmiga-d,
draw the séjmme'lm'eo Oj[ e "9:3‘-10«8\6.



