Math 4S50 ﬁ
Togic 2~ SUbofevps




DCS\V" Le)&‘ G‘ \oe_ n HOUP G

an A 1 be n Subocet UE & . f r

(é

We 504 FHaak H \
A %v\oﬁro/\/e UIV G (\:
Lo arself 2 L

gc\)u(J \/«\A\ef ’\'\"Q [y

Same UYPE rMﬁW\ o>

We weite £ G o W\@E“G
Vot W ois o svbgeor |

L —

EX’- m 15 a grove uadel addton
?—Z—';[R and. & (5 a 9 vndor ao(o{("ffoa
Re Z (s a Subgrovp of K.

ﬂ/\(/\\' It z <R




T\/\CU(QN\: | et - Vve o 9grovp
IV (deahty element €.
Let H he @

s)bset 0@ G

T\r\cn/ H 1S o SU\Oﬁ(DU() 0£ 6’

(£ and O!\\j + o

() eelt o

® T \m,mze\ﬂ?";‘éé?? N

¥¥CA \/\\\f\zé \’\

09((0\\\‘%

(osel Y
& TV he W, Bz:;;r, L,jj

TenJecglon

’\’\'\Cr\ )/\-/(6 H
E(Ob%:
< (5,

(=) Svppose B =
Then Hots & 97000
'\'7‘0/\ Ul} 6

UP&(G\

J$ing the




H must have aa '\du\\ﬁ'%j element

.. Letls show Fhat €4=C,
s +he (deaby of G.

\/\)\h{/e e
We have

Now ep ewxists

—\
Thos, €C€LEW ~ CH Cu Ex
go/ e — € u

tence , € & H
Ss condtHon ® l/\o\c)\c\

Conchixiona (2) holds sinte T
9rovp vader Yhe ope foHon ol 6.



et hel

Clace W 15 & 0/ 9p Yiere exisis
\(\/Q\% Whe e \/\\/\/:‘@

gyt alse 1n - we get hlh=e
Thos, \/\\/\/;‘\/\\A/l

pod, WK bW ke

/|\/\k)5, @\/\/:6’.\/\—

., WEW

aSSocim NI T

TG 0o & Wence 16

A & since s o cvbsel 6
co HZ2 6. E



Consider Yhe 9rovp

e 6/\)/_)’?;/&&/55 "
)Ztcu\\ /ZLB (\S G. 9Qrevp Vadelr aé\ LHon
‘ -0.
Wi (c)\e/\jﬂ\'\j e ) -
) ekls show el R =10, 2 4
s o golq (V¥ ng\ Zé.
| - — — E(om?(;
Hjjolzii)) ®oeh
0 0 a ? H (S C[osu)l
i(_) 21 G @\/r\du T by
il I Hhe davle
— — = _—
ylg ) ) @ O = O éH
SRR 2 =y et
'C(”\; = B
Thos b <G,







(
LeY's <how that SL(zR) £ (GL(2,[)

L LI RY s (‘ool),

@ T\'\c (cle,l\\';\'t\/‘ 0
19) esLM

| 0
:l We L\a\le
o |

Siace det (U (

@ Lek A BESL(HR.
Then o\o\’(A\=\ anch de¥ (‘33:\~
C)L‘V(P‘%\‘—'-dz’t(l\\

So,
AR E S\,(Z)\Kl\

Thos, g
@ [eX C= KLAS Le (~

’“\{,r\ C\?—\ (C\; \

Soy ad— ™ \.
W \aow N GL(Z)\K\ ‘\\«o\sv
ﬂ d -k 3 -
C'"‘_ -L/ (—-c o\) = (’C o\
= od-b e ) G



} E\I(/:ﬁ rodp kc\g a\*ke_5¢ svlaﬁraups Y

=5ey
— G ’H'\f '\N\?f‘°Pe( go\sg(ou()




| emmnt LEA‘ G—— be a o fovp and x &6.

Tt nmeZ, Yhen X X = X"

F(oo’e (S\(\f \a c lss)

Note: X x = x| =X N
Le'\" (A)")>O.
Tl’\(/\/
a b
X =(xx---><)(xx--->«5= X
—
A mes laf\'\mcs L
~a+
‘/____.
T ‘\wmcs b fioaes Y
" o ) (-
x X = (x x) (<K X():xa

| W

"o Kmes L hmes

Mok XXX €=

Gl

—a)*(’b)

n+0

X=X




The,orem‘, LC* G— \oc 7N fj(oxlp Cm& XE(T

—

DQ%.U\C_ /KL 1
_ . can
H ) i X \ kel} X~2 N\eal\sz
- -3 ~2 -~ 2 2 (XN‘J
«{ /X)X }X)er/X/X)\‘c} X-‘; oS
-3
ﬂu\ \J( -é G’ (Xlﬁ
F\Ir\-\nc(mue we r\o-\-o\\-t \‘\ B_\j <X7 a/\c}\
ca\\ H':<7(7 AV\'\C cyc\ic sV gravf énel ov\QA\
— ] \ot_») X .
E(Ob{". _—
% ¢ ia W
(D e=X ¢\t

@ Led W b€ . )
T\!\cr\ \m: Xk' N h,= X ‘ wb\e(e \&\)hzél.
We 9ok Wi = = Lok g .

-k
No&cx—\,\cﬁﬁ =X =X=¢
T\'\\)S) b«k\-\: X—\L
Co W'e !
4 heb




EX COr\si(le;r*‘\'\r\c_
Recall ek Rt
under Mmv 4 p |{ catin.

| es’s c ol

WC/ \/\(Aug '\'»\L

<27—_;{ Zk \kel}

(3(00(3
o 9oYP

cu\f/\\’f- <2’>

R¥= R-{o¥.

o avp mnerm\-co\ by 2 \S




CX RCCO\\\ thot +the \M-Ejem‘ Z
odd( Roa-

Qce %(aue \}(\de_(
0\\a§'\*(ﬁ\f—"'\'

S° 10 '\'\I\k (anSe ((\ —\'\'\4

3
’H\Qafemjje\)f ethp\ﬁj On MNM<an) \A—k a-Hk
3rd “pawec o
e} X7 of & in Z
| vl caleola®® (2 n L
\Ne/ ‘DC'\'

2,242, z+z+2),,\7]

-)- -2-1 -2, 0,
e iw S -
spoviecs ‘ot “powc_(;" 2of 2

(c\'dUS( 0
\/\‘\r\\c\'\ \S ~

'(cle/\\\'b
genernted 9 2\




Ex: T, geatral Foc 2 onc gels
Ay = §~..,—3n,-2n,-n/ 0, n, 2n, 3\4,...}
This  tyelie cvlo greop has & sSpecial
name, i NS denoted by N/

Foc e&amg\c,

U= Z‘“)"G)-E/ o,%)g)ufs S
FL = g*“)-HJ—j’lo):l_/ H)“‘;




DCQ‘: LC'\' G— he & 9grodyf CU\CX XEG‘.

TE lhee exishe a posifive ategec ™
whele XM‘; e, thea +he orchel o(: X

s delined o be e smao\lect posi’ﬁde_
\neger R where Xk‘—‘-ﬁ’.
TL no Such ™ exicte the X has
\(\%M\'C prdel -
—
2 3 4 S
Cy Lonsides 0= 51,8,€,8,8,8 )
- =L &X 6
\/\\\\(re. §: C "—‘-6,1’ O g = |,
i'z
X = i .
LQ \I\X , Z 44— — 18-} powes o" X=S 5
\f\[e ave - (gz)‘l: gq « 2'\& pbv\/er ()c )(::gz
S

| &a— 3% pswer OF X7

(92 )=8=
_ 8" bt

ﬂ\c QW\D\\\QQ\’ \)os\qh'uz_ \)Qw(/ OG X
9\ULS Ywe “\dv«\\\\(\) 1 1§ 3.
T\I\O% 32 \\0\8 0cdec 3 (r\ UQ.



T\r\c, wao\\\eg\’ \?os'\*\'\/& \chef oc —5 —\-\,\G\J(
G Jes ‘e Weanb'y D S H.

Thos, 2 has ordec U4 in Zg

E/\L CO!\SKJQF ‘e 9rovp YR*: R”go’)}.

R.Lcm\\ “ﬁi( n 9rvp undec M"‘H(‘\lﬁc"\”ﬁw\ kb e=1.

| ek w.= .
T\'\U\)
oy -, thecc 1S ho posimue
X,); 23:L{8 powec ot 2 e
K\(: 2:’ (‘jiue_s the idaﬂ"{\"?
2 :\é elemont 1. Tho$)

2 has '\,\(-{r\'\-\-e srolec

*

R



M ( Division A\go,'\l(\w)

| et mJV\eZ/_ ik m7 0.
T\’\CI\ ’\'»\efe. C$\§—\— UI\'\%UQ '\I\SVC‘DE(S
b nnck O phere
n= oMt ad DETEN
\D(ao(}; Cee ™9 3YS0 or 4460 netes
/
— . —
Ex: Nn= 2€ m =1
-
@€
8 /Y\/\ 5
113, y 41 T
9y nT E"m’\— :
D£c<mMm
Ex: ¥\33é) o=
— c=0
q) € % means
4 26 ﬂUS) ?)6:'0\&1’\‘0 "
';3_6@ T ‘Z%%i divides
& C n = G'Mm N
O £ <M



Theorem:
ofem. ek G— \oc a 9rovp and XG_G‘-
+hen

(U\) I{:' K has (:{n'\\'e vcder N,

2 -\
<x7:%e,x)x,...)x“
R, e

£y if Oé\a(<‘ﬂ,_\<Y\-l.

(%) TL x has ((\J\r\'m\rk gecker then
2 3 }

-3 =2 ~1
X/e)x)xjquc(

{x?7~ %‘”)X ; K

w2 -
CM\()\ X\h‘-?l'—'X \J§ kl#'kz.
—
oot -
( ) Lﬁj( * ad e ’Y’\(\\‘c( dcdeC N
T n-\

c\ear'y = = X7

| e ¢ show that (xS EOD

Lek XM€<\<7 whece we /L

\F))j dhe LAASALL o\\fj()r'l\-l,\vv\ o = ?l.‘f\-\-('



Thea x™= %" = (VX = et =x" e s
ffi\\r\m’rder n)\

Thus SE<xY.

Se, §=<xD.

Now suppose W itk 0 2k <lgn-|

T\\Cr\ XVLL‘V-\:,C, with O<kl_'k|<r\.

This walvadicts the Lot Haed X hes ordec N.

(\o) gdeeoge_ X W S U\G‘\(\\R afc}\(C,

I‘P Xkl = )(‘LL W'(‘\'[n 5‘0\7 »L‘>‘AL

’\—\/\(r\ \L‘P\LL A k(—-\Lz v 0
\/"‘/\(‘L,\r\ Cvr\’\‘(v\ G\r/\{\'i O(Azr.

Z

= (&, \»J'\
AT having i




513,593
E—\(: CQGSfdtf Z/ngoj '\, 2 /\.(J }

—

: W cyelic Subgeavps ok Zeg.
Lf)(lf Q‘\G\A G

57718) o
V)= i‘/ 5,4,
<27 {Z)U()O}

f;ﬂ REsgl

(37 = 53)03

A nsSwWec
<

< 3) <« - <37
i: i 3) e— <27° <47
. ‘Zg)é «  <iy=<3)




\)el; LC‘\’ G" \ac N Qroup.
We say thak G is cyelic
£ fhoe exists XE (- where G =L x>

1£’ ’\'\/\\( (S *\-\'\L case Yea We Ca\\\
na(‘o«“wr OQ G-

% o« 9e

E'X" ZQ:<T> \ S C*jc:\{g

/

Tna Q)Er\e/c\l/ Zr\:<'{7 \S ch\ic

5\5

Eﬁ w(\:<%> where S=e SRt cye 1 C

——

L ——

Ex /2R tyclie gvace

z=< ‘722“}3)' 2/_4]\\_/ 0, 1, 5];/ s }
(('\H—(’\)Hra, (_\)Jr(—” gil:)\/{ft{z! [+ ( Wty




Eeorem‘. I_—C - ¢ a cyyel\ie 9P,
'\'\!\cf\ G s nbevaa

ono%

SU?QOQC G’ | ¢ Ccoc\{c,,
/ﬂr\(’.:\ e ce ex'\S\Q KE(J (/\J\/\e(e_ G‘f <X>

|_ek o,k € G

T\(\(,\ o= %\L (A[\J\ Iy = )(l Wwhere \Q/&G’ZL.

o grle X\
/o\\pzx\tx&: o« =><>c:\aa

T\’\\)S ()_ ¢ (L\oc\((/\/\-
]




