


4800 -5
-

Symmetries of Cyclic Gps
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An abelian groupe is

cyclic it there is

an element a-A such that
I 6 Sa

{ Ia , -a§gQ,a, atqatiita, . -3
exhausts all the elements ofA

.

-
- - - -

-

Issue: Finding a generator !
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Example : (2ft, O) is cyclic
.

( infinite cyclic gp)
-
-

-

Hite )
(27427 , t, o) are .

Oth27
, Hnk,2h27, . -

(T, I
,
2
, . . .
,

n - t )
TD comes with two generators .

µ→ Itn 27 EY
?
-

→

- Itn 27 = E- 1) ten 27
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Example :@
°
,
I
, 2,3 , - - I generates

0,290, - - 2 does not
gerent

0,3, 2 , I
,
O 3=-1

does to generate
-
-

(n=5#
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Lemme: If CA,t, ol
is a cyclic gp, then
-

27
A D isomorphic to - or

- 27627
Son n= # cheat of A
-

PI : If EA is a generator,
then b

f:A→ ?
ffakt,

23h27 dGd

£4=o, flak, death, - -
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This is bear Seoane
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c-A
⇒ 5-ma

C = na

⇒ Late) = mtn

⇒G)tfCc)
#

?
'
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> .I →
o

ha
.

n = O



⇐ what are all the

generators of 2%27 ?
4

(En cyaklicgp.in/
" elements

)
#

Let me 2727
.

To

generate requires
o

LE Q m, 2mg , - - - -, nm
"

And if f- km
,
then mgeneiate,

.



To say 2=kmM%m27
D saying that

[ =¥EEn ) hasI•-
a solution for sure k,l .
This is exactly when

gEdCm, n ) = I
=
⇐ man are related price

.
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7654-1-6symmetries of 2742
one in bisection with

@fE5ffmEYgcdlm.nH)
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A symmetry 0--274^2%7
sends OG)=m←

+ "seed
' '

TCI)=m,ol2)=2m, . . . - -
-

The symmetries are isomorph
to the abelian SI
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fxmngtriesjsad. zj*
-
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T 1-1 Tell -_m
\
-
-

→ khz '→ lol =/
He R

T
,
Its oil)=m

Ecl) = K .

OLEG))=rck) -
-

Sg

- K - m

Joe 1-3 K -m
.



E what are these gps

④not
,
.

. D ?

Fact : If n D prine
,

then @pGY.e , D is

cyclic .At
P-I element,
me



Examples .
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⇐A 9k¥41,FA
12=1
,
i'=/

,-

5=9--1 , not generator
2-25=1 ¥ et
7-2-49=1 not

a

LII )
tht cycle -tries



4=7)
\ x /2
, 5--4,3=8--1 X

✓ a 6,34=4,375,
44,44⑦=K x 56=1

-4=5,5--4, -5¥ 6 , . - -
6=-1

, off X'Ii
ill¥22# has a generator
-
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(2%27) is a field t

T.tt
,
addAre increases

• *
, multiplicate

* inverse Cto )
-

Evert element of ¥235
" a rod of

⇒

be XP-I - I
t

= -



To generate BY
,

the element a
'

should

not be a root of

Xd- I for any
TES

de p - t

(in fact d)F)
n⇒I to

¥.is#:IaIiH



PI : Count all the

roots of xD- I for
dcp - I Cdmsas otp -D .

Check that tone are

sore left over !
to
-

Let 0 = 14%2741
= # of eberts A&p

Eden
rel

. Prieto d

otfunctin



Formia: I 'FYE¥±
.

n = £ Cd) '⇒o€d±⑧l
8 = Out tokHt0 told
Tt Tt -2+-4
#-
This says that q
at the polys XI
have roots for all d# .



think about Q !
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Solutions to XP-'- l MQ :

¥÷*⇐÷÷
.

E. v - - - - En¥±

@iFIYteei2EQpn.I.ie root of 1) ei
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np=¥ 6=091total
+OGI toldP a
" 6th root

3rd root¥1 E of 1
.

&

*
Sqrout &

Y ti teeth root
I51 root ← x'IIIof 2 ego



P generate

2,274,273,2¥ (/
pit
2,233=1 X
FI

- -

r

2,4, 8,36, 12 . -

✓

FI , p34,5932kt



¥ cyclic .

€ When is f

Zha × He

also cyl.ITI
A when gcdcm,a)=/ .



There is always
a bear snow

'HIEh
Y N inverse

f.Pfm → Mma x.2%27
I

* I = Cl
, i)Hsc;

÷
a
,
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Qt when is this a bt2


