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(a
,
b) - (c

,
d) (a - b = c - d)

= a + d = b + c

1
. Reflexivität

(a , b) - (9
,
b) Fa

,
beN

↳ atb = a +h

2
. Symmetric

(a , b) - (c ,d)s

(c
,
d) - (a

,
b)

(ab)- (c
,
d)

-a+d = b + c

- c+b = d + a

= (c
, d) ~(a , b) -
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3. Transitivität

(ab) (d) (e, f) = (a,b) w(e , f)

[a+ d = b+ c # c+ f = d + e

a+2 + f = b++ f = b +d + e

a + f = b +e(a ,b) - (e,f))

z = G ((a , b)1- /(9 , b) EINXIN3

(a
,
b) - (a + c

,
b + c)

-a + b + c = b + a +c
(a , 0) en -> al

(ab)1
~ 10 , a) e-I--a
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1
.
2 Verknüpfung
+: 2) + 2 - z

((a , b)1 + 110 ,
d)) + late

,
b + d)

1
. Wohldefiniert

·
Assoziativ

((a ,b) + (c
, d)) + (e , f)

= (a + c
,
b + d) + le

, f)

= (a+ c+ e ,
b + d+ f)

= (a ,
b) + (( , d) + (e , f)

· Kommtativität ~

· neutrales Element

1 (0 ,
0)1 (a , b) + 10, 0) = (a+0 , b+0

= (a,b) v
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Inverse

(a , b) + (b
,
a) = (a + b , a+b) - (0 , 0) /

(a
,
d) + (0 , al) = 10 ,0

(0
, al) + - a

a - b : = a + ( - b)

Multiplikation

1 (a b)) · ((
,
d)) = (ac + bd , ad +b)

(a - b)· (c - d) = (ac + bd - (ad +bc))

Wohldefiniert

Assoziativität ~

Kommentativität

Distributivität ,
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= X Ring

2) Null teiler frei

(a
, b) · (c

, d) = (0 , 0)

= (a ,b) - (0, 0) v call -10 ,0

(a ,b) · (c d) = (ac + bd, ad+ bc)

- ac + bd = ad + be

ac-ad =
bc-bd cy, d

a (c - d) = b(c -d)

= c= d va =
b

↑ dy a

ald - a) = b(d -c)
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i : In - i (N) 22

a tr (a, 0)

· injektiv

· mit Addition und Multiplikation verträglich
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Q :

(a
,b)ezx4/203

Äquivalenz relation :

(a
,
b) - (ad)( * = )

↳ ad = b

1
. Reflexivität

(a
,
b) - (a

,
b)

-ab = ab

2. Symmetrie
(a

,
b) - (c

,d) (d) - (a,b)
# T

↳ ad =be ob-dh
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3. Transitivität

#

(ab) - (ad) (e, f) = (ab) - (e
, f)

I ad = by I of de

adf = buf = bde

# adf-bole = o

d(af -be) = 0 I Nulltülerfreiheit

af-be = 0

- af = be (a ,b) - (e ,f)

① = Ella ,b)Im ( Cable 2xz)12033

(a , b)-
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+ Addition

((ab)) + 1kc , dll = (adtbe , but

=(

1
. wohldefiniert

· Assoziativität

· Kommtativität

· neutrales Element

10
,
1) ~ (0 ,a)

(a ,b) + (0, 1) = (a . 1 + 0 .b
,
b . 1)

= (a ,b)

Ewerse

(a
, b) + ( - a , b) = (ab + (- ab) ,

bY)

= (0 ,
b2) - (0 , 1)

-0. 1 = 6 . 0
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·: QxQ - Q

11
, b) 1 · (1) ,d) to Lac

,
bd)

1. wohldefiniert

Assoziativ

Kommutativ

(a ,b) · (c , d) = (ambd)

= (ca
,
db) = (ad) . (a

,
b)

Distributiv:

Neutrales Element

111 , 1)

(ab) · (1
,
1) = (a .1

,
b . 1) = (a

,b)

(a
, a) - (1 , 1) = and = an
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Inverse ↳ 1203

~
-I

(a , b) . (b,) = (ab , ab) = H , 1)

i : 2 - Q

(a) to (a , H)

injektiv

Ringhomorphismus

i(a + b) = (a+ b
,
1)

= (a
, 1) + (b

,
u)

i (a .b) = (ab ,
1)

= (a , 1) . (b
,
1)

i(2)c Q

: QxQ - Q

(a
,b)

: (cid) = (a ,b) . (d,c)
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Besonders ?

Halbgruppe - Gruppe
In - X

Ring - Körper
2 - Q

↳) ist der kleinste Ring

der II enthüllt

① ist der kleinste Körpe
der enthüllt
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