Bi mam gpera Ftons

Su‘apose, G is a sef. A bmm:_’ operation

s a funchion x:G6xG— G,

Nokakton: *(o,b)= axb .
Exomples and non-<xamples:
(Dhickh of The Fo\\ow‘w\J arc \:hwrj operak jons 7
+ oon L, B, K o C
—on L, G, K or C
con L, B, € o C
ton L, 0, K or C
< on Z\{07%
+ on G\{o3, R\{oT, or €\ {0]
X (cross product) on K
- (dot product) on K
* on M (R) (M (K= {man mals. w
= w wefls . in K})
*  on GL.(R) (GLLURYI= { A€ My, (R): chA\ato})
*  on Gle (R)
A on  P(S) (S o set)



Answer:
. (Sxmmj aperations :
t oom L, Q, K or €
—on L, B, K o C
con L, B, K or C
<~ on Q\ioi/ R\ {03, or €\ {0}
X (ceoss product) on IR
+ on M. (R) * on Gl (R)
on NMan(R) A on P(S)
* No¥ E\!\MJ og@rm\-iov\,g:
o I, B, R o C
|+ O not defined
<+ on 7.\ {0}
=7 € 7\ {07
(do¥ product) on K R
for X, Ve, R-Verg’
+ on GL(K) (A, §e 6L, (®Y)
Lek A=(a%) , B=(5.3). Then deb A= dek 521,
Lot deb (A<8) = der ((220)=0. (A+E € GLL(R)



Some. proger Yies Yhal o hanarj o peration
X Gx6 =G  could henle:
* Associalivi
YobceG, (axb)*c = ax(b*c).

e AL AN

Va,‘aeG/ a*®b= b¥xa

Exs:
T on 7,0, K o C (o.ssocio\\‘wc/ cammw Yative )
—on L, B, K or © (ot sssociabive, not Cavww tartive )
*(a-b)-c =a-(b+)# a-(b-c) , in je/v»@m\
Exi azbac=|,  (0-B)-c= (1-10)-\= ;\
a-(b-c)= \-(\-\) =\
*a-b#b-a, in jwo‘fm\
Ex: a=\, ‘D‘=—O/ a-b=1-0=)

#
b-a= 0-\=-|

* on 77_., ., K, or C (0&&06‘0\\‘}\“_/ (',oMIVW\‘(A\"\\lC)



+ on @\{o3, K\ 0], or €\ {0}

(no¥ ossociative, not Comvw Yative )

(x2)x21 =d+1=14
4+
1x(2+2) =1+ =\

c \+1=1%
X
1+\=7

X (cross Froduc-\') on (nok ussocim‘rwc/ not (ﬂ“""‘”\"‘\"‘\le)

- (ix7)x] = 0x7=3g

J) B

Tr(Tx7)= AxE = =7

o )
IRV
5xf=-§

+ on N\.h,“ (\\{) (ussocio»\‘wc/ (,omww\-a\-'\\le)
on N\,\,,\(\M (ussocimhvc/ not Comww Yalive unless V\=l)

s Ex o -, hen nz T

— \0---01 ~ 1 0 --- o
L{\’ A oto o , B o1 ;
. :0 ‘\ \\2)
0O --- 0 0 --. 0\
Then AR ERA

(i) coefficiont s Y

(\w\ weliaamt s 7



on Gl (R) (ussocim‘rwc/ not Comrw Yative )
A on P() (ussocim‘vwc/ Corvw Yaive )

¢ A&So(‘,‘\a\.‘\\li\“j . SVHDOSC AﬁS]CGJGP(,S)'

c (r\on—‘(‘\JGM“S )



ggrou‘gs

A 3rou‘g is a paic (6,#), where G is a sex ond ¥ s
a b‘\rwwj operation on G, Sq\'is’;jivxj‘.
\) ¥ is associative ) (io\cn\‘i\-J elemant)
=
7—) 3€.€G s.t. VjGG) ¢k3=ng_=j/ Q,'\ég
(Qﬁs\-u\; of idevﬂ“&:ﬁ — e °FJ)
3)\1166, '_'H\C-j <. ¥ j"\'ﬁk*J:-e_.

(existence of inverses)
TE, in addibion, ¥ 35 commmualive, Yhen we
Sml Pk (G,%) IS on Abelion JHNP-
Otherwise, 1% 15 nen-RAbelian.




+ on Z, B, K or C (associative, comww bative )
- (ZL,+): (PAbelian 4roup)
iden‘v'\\j‘. Lk e=0. Then Vnez,
etn=nte=n.
inverses: YneTl lef m=-n€7L. Then
NtM=mtn=0.
- (Ot \, UK,*’\/ (C,*)! CAbe \lon jrou‘ss)
\d»@n\'\\'j =0

nNerse of X =—x v

"on 4, B, K or C (sssociative, commwtative)
: (_ﬂ—/')‘- (1\0\' a jroutﬂ
ide/f\\-‘\‘rt]‘. Ler e=1. Then Vnez,
en=ne=n, v
inverses: Censider 7€7. . LE
T =l bhen m=7 € 7. (heorefae,

T is non-invertible in (7,7). X



N (@,'\/ (,‘K,’\/ Q(\:—/‘) E (1\0\— jfﬂVFS)
'\dex\‘rﬂfj =( v
inverse of x=% iF x=o.

invesse of O 7 dees nat 6&\&'\1 X
(0-m=1)

* on (Il\{o'il K\ {03, o« €\ (0] (ussocim‘ﬁvc/ oomww\-ahve)
@\ f03,-), (R\1e1,+), (€\10T,"): (Abelion JnuPs)
\deﬁ¥(¥J=\ v
inverse of x=% v
+ on Mo (R) (essociative, commwtalive)
* (e () +) - (Rbelion geovp)
dentity= (1327) (0 watrin) -/
inere of A = -A S
on M, (R) (ussocim‘rwc, not comew Yakive ynless V\=l)
(), ) - (ot o grop)
mv\sﬂs{j:—;,\: (') (‘\d\ch\“\\"\] matric)

)
0--0l|

n\ecrse ox— €00 m\'ﬁ)\ does M'\' CK\S\* X



on  Glo (R) (ussocim\-?vc/ not Coenvw takive )
(6L (R), )t (oon- Abelion jmu‘;)
‘\&c«\\-i\-j =T, /
tnverses © T Ae GL(R)  Yhen
dek A20 = IRECL(R) sk. AB=BA=T, .

( (‘-‘* ==;E-ad\a<. =3 q))

A on P(S)  (associabive, commwialive)
((P(s), ) 0 (Pbelian ij)
donithy: Let e=¢ €P(s). “Then, VAP,
edA = Ane=(A\g)vld\pA)=A. /
inverses: YAEP(s) ;) lek B=A. Then

AaB: Bof= AsA =(ANA)U(ANA)=¢.





