
Assessed coursework 1

hand in your work by
11 am

,
4th if March

The problem set can be found in

HeWeek 5 tab if t MTH 4104

QM plus page.



Last week , I defined :

If A group (G ,
*

is a set G
with operation *

satisfying

(GO) it a . btG ,

a *btG
(41) if a b , <tG .

a* b*C = (a * b) * C

(G2) There is an element a it G



di . 2* A = 4 *C = G

VazG

(G3) For every element a in G
,

Here exists bt G s
.

t .

a * b = b* a = e .

If (K , *) Satishes

(4 Va
, bEG ,

-*b= b *a
,

We call it an abelim group .

P14 * the identify element in (42)
-

is unight



* The inverse if a is unique
.

fatG

and two moreassertims .

Rings

PetA tingisaset
e
stations

↓ (addition)

X (multiplicatin



(R+ 0) If abeR ,

Hen a +btR
.

(R+ 1) If a b. 2eR ,

tem a + (b +1) = (a+b) + <

in R.

IR+ 21 There is an element O in R

satisfying a + 0 = 0 + a = A

FaER
.

(R+3) For every element a in R



there exists bin R &it .

a+b = b +1 = 0

(R+4) VaibtR ,

a+b = b+a ,

(Rx0) abeR

axbtR
.

(RX1) If a b . C are elements in R
,

Hm ax(bxc) = (axblx C



1RXH) If a b · 1 ER,

ax(b + 4 = Gxb + axc

IR+X) If a biCER ,
Her

(b + C) x a = bxa + (xa

Note that

a x (b+c) is not necessantly
same as (b + <x a

R By (R+0) - (R+4) ,

(G
,
* = /R

,
H



is a group
1 A ting is a group) .

&K I shall write ab

for axb from now

on

f A +ing (R
,
+

,
X)

is a commutative ting

is "ai beR
, ab = ba .



Exampled O ,
or th identify element
-
- wirit , "t"

,

needs to be in a tins R.

· [03 0 + O = 0

0x0 = 0

This is the smallest possible ting .

· (2 ,
+

,
X) is a ting .

· The Set KM of polynomials



inthe vailable X with croffts in D
.

CuX" + (m X + -.
- + 4 X+ Co

CiEC

(4+ x + 1) + (x + 3x)
= 4+ 4+ 4X + 1 etc .

(x + 1)X

= Y+ X atc
.

· The set Me(k) if 2-by-2



mattices with entries in R

is a ting :

+: (3) + 15 = Jaabite
a
. b .

C . dEG H

Me(R)

x : (33)) -M2(R)

I I actbc
abtbat

(
catdicb +da

0 : (88) E M2(R)



X to be FabtG

axb = e

where a is the identity element

in (G ,
* )

.

Then (G
, +, , X) is a
* commentative ting.

because ab = e

ba = C

do ab-ba = e.



· R= the set of man-negative integers
07 1 , 2 ,

---

t
as we know for integers

X

Is (R . +, x) a ring ?

This ismot a ting. It fails on (R+B)

First of all , 0 iR O in (R+2) but 2

· R = the set if posite integers do
t

1
.
2, 3 ... -bs

X
as we know them 2+ b= 0

inR

Is this (R , +, X) a ting ? I



c

1 -2) is N↑
integer-

a nm-negative

This is not a ting either

because O is NI in R

B (R+2) does NoT hold .

· i = F1



I[i] = = < a+bi /a
,
b

i
+: Catbil +la + bil

= (a + 5) + (b +b) =
MeeE

X : latbi)latbil

= (aa -bb) + lab +abl
m M

P

E 2)



0 (as in R+2) : 0 +Oi

⑤

This is called the ting of

Gaussian integers


