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E: Find all humomorphisms[4 : 6-> Wy

We have

Us = 51 ,
5

, 95, "
,
g) where =1

S=

Uy = 51 ,
U

,
8j 8} where 8" = 1

2π/4
u = C

We want all homomorphisms p : -Up

Ub U4

⑳D



Vs = 197
First step is determine what 9(9) is

The order of 9 is 6.

So, p(9) has to have order dividing 6.

So
, g19) has to have order 1

,
2

,
3, 006 .

=>28 " have

order4 =I



We have two possibilities :

[4(9) = 1 or p(s) = u2

1:(9) = 1

Vy

"wit jj
· r3

·
82

Called trivial homomorphism)



To makeo into a homomorphism need :

9.
(97 = 4

,
(9)9(9) = 1 . 1 = 1 = 12

3

-* Tim(aljor

&
nations =-



9 (5) = 42(5)4
.
19) = U: V= U" = I

92 (s") = 92(9)92(9)4(3) = 2: 0 : 52
= 1 . " = ja-
-gal = [1 ,

949"3 im 192) = El ,
8



=> Let's construct a homomorphism

4 : - IR.

# Beg
~

R ↳ is cyclic
2 = <17

& is cyclic -

2 = <17

2 =S...,
() + (1) + ( ) ,

( - 1) + (1)
,

(1)
,

0, 1
,

1 + 1
,

( +1 + , .. )

Since I is infinite we can

send I anywhere we want !

Let's do q(l) = e
.[

This will force where everything



else yoes in order to make

ea homomorphism .

For example ,

y(z) = q(1 + 1) = y(1) + q(1) = e + e = 2

g(3l = plu+| +1) = g(i) + y(1) + y(1) = e + e + e = 3

y(4) = Ye

q(s) = Se

: :

What about G(0) ?
identity goes

toEg(d) = 0-
identity

What about negative integers !

y(- 1) = - y() = - e

↑(x = ((x1]" Ei&
q(-2) = y(1) + q( 1) = (e)+ (- e) =

- ze

9) (-3) = q(- 1) + 4(-1) + q(- 1) = - e - 2 - e = -3



In general , q(n) = ne for ne]-
1 IR

: & · 3e

3.
- ze-⑥

②

2 ,

>

I-e

⑧- O

-- 2F
A

--2e

--32⑨

ker(a) = 503 &
im(q) = (e) = E ...,

- 2e
,

-e
,

0
,

e
,
ze

,
... ]



ableabez,
b +0]

is not cyclic&
Frational #S

Aroof :

Suppose C is cyclic

Then C=[) where O.

So , att ↳
Q= (E) = S...,Em-m-r0,

d
↑ 2u

This is nonsense, Ch but



)

Contradiction

is
not cyclic!


