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T. INTROIDWCTION TO “sameTmeS oF ALGEBRAS’

A Sz)MMeTwa oF AN o®gecT X
5 A FROPERT) PRESGRVINGr) TRANSFORMATIN
FROM X To |TSELF

COLLECT(ON OF SWMMETRIES ofF X , Jam(X),
FORMS A MONOD (UNDER (awnPos(T(0N)

P

i)

SET eQuiPPE) | oPeR AT
€ NéwTML/neNT(Ta ELeMeNT

W[ NEWTRAL ELEMENT = “Do NOTHING To X"
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T. INTRADWCTION) O “SBMMETRIGS OF ALGEBRAS”  ALTerRNATVE

'DGFUQ
A Sz)MMETK‘a oF AN o®gecT X
REVERIIBLE
5 A QROPERTY PRESGRVING)  TRANSFOR MATION

FRaMm X To (TSELF

COLLECT(ON OF SWMMETRIES ofF X , Jam(X),
GrROWP
FORMS A MONSD WNDER Campos|T(oN)

P

i)

SET eEQuiPPE) | oPeR AT
g NéwTML/neNTtTa ELeMeNT

W[ NEWTRAL ELEMENT = “Do NOTHING To X"

S (NVERSE ELEMENT = Tue REVEME SHmMETRY
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T. INTRIDACTION TO “sameTmeS oF ALGEBRAS’

A Sz)MMeTwa oF AN o®gecT X
REVERIIBLE
5 A QROPERTY PRESGRVINGr)  TRANSFOR MATION

FRaMm X To (TSELF

COLLECT(ON OF SWMMETRIES ofF X , Jam(X),
FORMS N GRMAP  (NDER Cameos|T(oN)

P

EXAMRLE : TAKE SYMMETRIES THAT
. 3END UNES T LINES (UNEAR)

X; (B =i(§> ‘ Xy € (Ez'(l . PRESERVE ORIK\N

COMPLEX 2~ JPACE Svémm(@") = Gl.(C)

th) et o (5) - (G02)
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T. INTRIDWCTION TO “ngAETRIES oF ALGEBRAS’

S*AMMETR\ES WANDER DEFRMATIIN

ARC NOT PREBGRVED (N THIS TRAMEWOIRK ...

= Ziiﬁ. Koet = 41::7

Re GWLAR SKEW
TRIAN GcLE TRIANGLE

Oam(X) =2 S5 4 Sym(Kaer)
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T. INTRIDWCTION TO “%wemues oF ALGEBRAS’

S*AMMETR\ES WANDER DEFoRMATIIN
ARG NST PREIERVED (N THIS TRAMEWIRK ...

0F WSIN G GROAPS frc/ CAPTURE JYMMETRIES

= Q Koet = ﬁ

Re GWLAR SKEW
TRIAN GcLE TRIANGLE

Sam(X) = Sy 4 Sym (Kaes)

ALJO GeT Sa&”( C) 2 Glle) ¥ Fyu(Cus)
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T. INTRIDWCTION TO “SBM\AETRIES oF ALGEBRAS’

S*AMMETR\ES ANDER DEFRMATIIN
ARG NST PREIERVED (N THIS TRAMEWIRK ...

0F WSIN G GROAPS ’To/ CAPTURE JYMMETRIES

= A Koet = ﬁ

Re GWLAR SKEW
TRIAN GcLE TRIANGLE

Sam(X) = Sy 4 Sym (Kaes)

NEED To (€ ALGEBRNY
To DESCRIBE THIS

lino lin 5/
ALJO GeT SBM(QL) t Gl(c) ¥ Sam(@ﬁm)
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T. INTRIDACTION TO “samcsfmes oF ALGEBRAS’

S«AV\METR\E& WNDER DEFRMATIIN
ARE NST PRERERVED (N THIS TRAMEWORK ...

0F (N ¢ GROAPS ’("o/ CAPTURE FYMMETRIET

fonGily , AN ALGEBRA 13 A COMBIUATION oF A

AN /7

WNITAL RING & VECTOR SPACE
LAYE = ADDITION § SARBTRACTISN ,B

AR WAVE : MALT\PUCATION SCALAR ~MALT(PLICAT(ON)

ex. QCC*) :- Qﬁq%’\

COORDINATE ?%banon INL
ALGERRA ALGEBR A N©ED To W€ ALGEBRNY
To DESRIBRE THIS

ALSO GeT 83&(@‘) t Gl(c) ¢ Sa‘;‘f((«:‘d&)
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T. INTRIDWCTION TO “samcsfmes oF ALGEBRAS’

S«AMMETR\ES WNDER DEFRMATIIN
ARE NST PREREGRVED (N THIS TRAMEWORK ...

0F (N ¢ GROAPS ’("o/ CAPTURE FYMMETRIET

RonGily , AN ALGEBRA 13 A COMBIUATION oF A

N /7

WNITAL RING & VECTOR SPACE
LAYE = ADDITION § SKRBTRACTISN ,B

MR WAVE : MALT\PUCATION SCALAR —~MALT(PLICAT(ON)

Ex. OCCY) := Cley ) 971 O(Cq) = Qqlxyg) =17

COORDINATE POLQNOMIAL "‘—?M,anov« IAL
ALGERRA ALGEBR A ALGEBR A
QUANTWA
2-SPACE )

ALSO GET 83&”(@) : Gl(c) ¥ Sa‘ff\”(&':%‘) 7eC
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T. INTRIDWCTION TO “samcsfmes oF ALGEBRAS’

ngme'r&\ss WNDER DEFRMATIIN
ARE NST PREREGRVED (N THIS TRAMEWORK ...

0F (N ¢ GROAPS ’("o/ CAPTURE FYMMETRIET

GRONP SQMW:TK%. OF CO\ MA3T PRESERVE q)(tax- ol'x:oa_) ReWATWN
SPALCE

WS Gr ( e GL.(C) X%y
(\- ]Mx + (Ec—olm}\]wa

5 + (ad- lac (-4 ) bd9"
(3) H(tﬁo\?} (od-qle) g + (-1)bdyg

x. O(C) 1= Crog) 27 O(8) = Cylxg) 3517
CoORDINATE ?M,anop\ IAL ”“?“L«aNOM AL

ALGERRA AUGEBR A AUGEBR A

QUANTWM
¢-SPACE ”j

ALSO GeT 83&“’(@‘) t Gl(C) ¥ Sai')'((&':%‘) qeC”
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T. INTRIDWCTION TO “s«amemnes oF ALGEBRAS’

S‘AMMET&\ES WNDER DEFRMATIIN
ARE NST PREREGRVED (N THIS TRAMEWORK ...

0F (N ¢ GROAPS ’[’o/ CAPTURE FYMMETRIET

GRONP BQMW:TK%. OF CO\ MAST PRESERVE q)(tax- ol'x:-a_) ReWATWN
SPACE

USIN Gr ( eGrLz.UD) O¥~1%9
(\- ]M'x + (be- ao\]’)0~3 §eos

Qx+ dv reourwl € Qlyx-qxy)  a,be,d
lin \ o 2 = 2 =
et By (6)2(FD T o) m Cg) 317
An‘::*lr/kbt?e & 9q=- | O‘-Qwanon INL
Dinee. MATS. q¢E] c)ummk NUEsER

L-SPALE T

ALSO GeT Sa\(/i\h((\l&) t Gl(C) ¥ Sgy«(@%) qeC”
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T. INTRIDWCTION TO “samemnes oF ALGEBRAS’

nguma\s& WNDER DEFRMATIIN
ARE NST PREREGRVED (N THIS TRAME WORK ...

0F (N ¢ GROAPS ’("o/ CAPTURE FYMMETRIET

G’Eowz-nl"b. GRAWP SBMW( QL)
S o (€)= Cxy) < —2 Sv‘yv\““ (CYx.‘;)])

N[
gl.(C)
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T. INTRIDWCTION TO “samcsfmes oF ALGEBRAS’

ngme'r&\ss WNDER DEFRMATION
ARE NST PREREGRVED (N THIS TRAMEWORK ...

0F (N ¢ GROAPS ’("o/ CAPTURE FYMMETRIET

G’Eowzﬂlvb. GRAWP SBMGR( QL)
C 5 ALGEBRA B SMM L':TR‘:) k'S“
S o (€)= CUxy) < —2 Sv‘yu\“ ((EYx.‘;)])
8
gl.(C)
0\" HYCrorWm
PR
Cy
CANT Yee

D
TS @((C?Z.) = Cq f?q':)]

So woRkk kLﬁrﬁﬁ?—MQAUr‘a
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T. INTRIDWCTION TO “samcsfmes oF ALGEBRAS’

S«AMMETR\ES WNDER DEFRMATION
ARE NST PREREGRVED (N THIS TRAMEWORK ...

0F (N ¢ GROAPS ’("o/ CAPTURE FYMMETRIET

G’Eowzﬂlvb. GRAWP SBMW( QL)
«:7. ALEBRA SHMMETRY \:“
S—s OC) = Cixy) < —2 Sv‘yv\l ((EYx.‘;)])
M
GL.(C)
0\—96\’0?\“
GL(C) q=|
keI
(E" Dinee MATS. q¢t|
A “~ AP st
CAT Ye6 _ (ECN
THS ) @(@Lol ) = Cqix ‘3] _ saMMLTKb SSM CS:(Bq My ] )
So woRk kL&éD?—MQAU-? S‘SM Y CQL")
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T. INTRIDWCTION TO “samcsfmes oF ALGEBRAS’

ngme'r&\ss WNDER DEFRMATION
ARE(NST)PRESERVED (N THIS TRAMEWORK ...

0F (N ¢ GROAPS ’("o/ CAPTURE FYMMETRIET

G’Eowzﬂlvb. GRAWP SBMGR( QL)
C* ALGEBRA SHMMETRY \:“
S o (€)= CUxy) < —2 Sv‘yu\“ ((EYx.‘;)])
3|
gl.(C)
—HETORM ea(T
9 A I / 9 \ GLLC) q-|
/\mmﬂ
X DM MATS. cl{n:l
T ) = Cqoay] | Boweny Sy (e, My 1)
So woRkk kL&éD?—MQAU-? S\Sp\ ™ CQ,‘)
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T. INTROIDWCTION TO “samemues oF ALGEBRAS’

S*AMMETR\ss WNDER DEFRMATIIN
ARC NoT PRGEIGRVED (N THIS FRAMENM/QK

0F W(N & GROAPS ’l’oFQAPTV\TLG SYMMETRIES

LET'S EXPAND OUR X <2, Sqnix)
NOT(oN OF SyMHETRY | m& Saﬁ%x)w
SGM.

> v
BEWoND GRSURY Ty GET 7 Kver 28 S (Koer)
(R0N 2
Greme TRy, GRaWP Sam (€ )
2 < ALEBRA SMMETRY su
X = Xgeb = > 0@)=Cxy) vam ((\:TX"L)])
L)\ £ ; 5
RE GULAR SKEW ( GL.(C)
TRIAM G LE TRIANGLE e e /9\ .
O\IVGF“V‘M o) GL() q-I
\5 P
Ogmu(x) = Sy 4 Syym (Kaes ) C’ s Do AT ¢
CAN'T Yee D 5 C
) yteg] M st ()

So woRk NMMLMQAU?

S‘SML CQr‘)
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T. INTRIDACTION TO “samemnes oF ALGEBRAS’

nguma\s& WANDER DEFRMATIIN
ARE NST PREREGRVED (N THIS TRAME WORK ...

0F WIN G GROAPS ’('opQA?TU\KE SYMMETRIES

LET'S EXPAND OWR X =2 San(x)
VEF
NSTION OF §yMHETRY | m& Sa“&%()m
SOM. s
. BEWOND GROUPY To GET 7 XWFC&) 39M (Xper)

MAIN (bEN:
- TE X CM B REPLACED W/ AN ALGERRA  AQX)
. Jx) = Sy (AK))

£
THEN xmb"a ngwx ETRIES OF THe ALREBRA ACX) (m= x)
WSING ALGEBRAS (NSTEAD ofF GRAnDS.
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T. INTRIDACTION TO “samcsfmes oF ALGEBRAS’

S«AMMETR\ES WANDER DEFRMATIIN
ARE NST PREREGRVED (N THIS TRAME WORK ...

0F WIN G GROAPS ’('opQA?TU\KE SYMMETRIES

LET'S EXPAND OUR o) =2 sam(&c’:w)
1-der
NATIoN OF §mHeTRY | q& S,
USING RICHER, STRACTARES [TootS |, ) 222 om ()
HOPF ALGEBRAS | CATEGRORYTHESRY--
MAIN (DEA:

- TE X CM Be REPLACED Y/ AN ALGERRA  AQX)
. Jx) = Sy (AK))

£
THEN xmb"a ngm ETRIES OF THe ALREBRA ACX) (m= x)
WSING ALGEBRAS (NSTEAD ofF GRAnDS.
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T. INTRIDACTION TO “samcsfmes oF ALGEBRAS’

JWT oNe WAy INTo
THE WORLD QF

" QUANITWM SHMMETRY

LETY €XPANT) OUR
NATIoN OF aammv(}{

USING RICKER, STRWCTARED /ToQLS
HOPE ALGEBRAS

THese ALkEBRALC/
CATEGORLICAL
GAD GETS ARE

IEFIAL (N THEIR

OWN RieHT |

CATE G(ORBT H’EQRG

INTERSGTTS MANY THELDS oF
MATHEMATICY , PHARICS, AND (WP 8¢

evdey |
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T. LOGISTICS OF CORRSE ¢ STUDENT (NTROS

GRADE : R0NTS BASE)

KOMEWORK, = SuBmet v gRmde sesre

‘CHAP L. DhE TFER AE @ qM
-CUAP 2 DRE Fepth @ M
‘CHAP 3 DRE mare™ @ g™
‘CHAP 4 DRE AR U™ @ qM
' ‘Z?i?} PhE AR (@2 @ g™
SOUAT(ANS WORT H WP To
5/4/5 PoTs (8€€ TEACHING-

dcHeDuLE

(Se€ SYUABLS)

N

EDITY = QHECK (o ) EMMLCW

. T3y~ WORTH L pawT

« MATH ERRAR WORTH 2 PaNTS

WP T8 (@ PANTS OF GRADE

A+ : (004 PTS
A : @o-24 ?TS

A- : SO-Sqers
Bt : 40-4q TS
D 30-39 v

B-: 2-29 1w
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T. LOGISTICS OF CORRSE ¢ STUDENT (NTROS

PLEASE (NTRODICE
gomseu: Y

- NAM €
- )&rz/ PoSITION AT RICE
. (AHB bw\’KE (N THE CsWRS€E

- WHAT JOn Do PR TN
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M. GROWPS, RINGS , VECTOR SPACES
ALGEBRAIC STRUCTWRES —

SET |—>| SEMIGROWP |— | MONOID |—> | GROWP
SET, ASIOCIATWE  SET, +)NewrrALELT 0/ 3€ET,+ 0, T
OIERATION + INVERSES
C | ABELIAN GROWP [<
RIN G GROWP WITH
COMMWUTATIVE
ABELIAN GRoWY OPERATION +-
WITH ANQTHER ORERNTION ¢ v,
VECTOR SPAcE

RING WITH COMMUTATIVE o,

OVER A FIELD

[Qw?k’r (BLE WITH +
FIELD

\DENTITY ELT L) =
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ABEUAN GRUAP
WITHk ANOTHER ORERATION %
COMRATIBLE W\TH +




M. GROWPS, RINGS , VECTOR SPACES

G’KOMP A GRAVKY IS A SET (r EQW\PPED WITH

| — ASSOC (ATIVE ,
SE?T}-F)<3) 7; A\h) CS?EERLPFT\Qi\) "t" (%’7(<k' —_— Gk

INVERSES Qy 9) — ‘3*3”“"‘ ¥ s

4 AV wewm"a ELEMENT € WITH RESFECT Ta <
Lae = 9= ey Ya<ol

3 SWCH THAT Vae(v‘r 33"6& WATH

38 &= 8y
EXAMTLES
Sym (X) GLa(C) ¥ Co

s Si S pahrs
Q“%RG 83AMETRIES

ARE REVERSIBLE ) S\Gw\m( ) S (M‘o\‘)ec;\s) Sgn: (mk\‘)w\:)
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M. GROWPS, RINGS , VECTOR SPACES

SSoc (ATIvE

GROWP A GROWE (5 A SET (r EQWIPPED WITH AN é?e&krmd
¥x: GV7<Gk — G (%)1;) — 3’<aﬁ=n 31;

S€T)+)0, ~
\MERS?S £ AV [DENTITY CLEMENT € uliTr RESFECT To
© A SACH THAT Vae(v‘r 33"6& WATH 38": e - 3—‘8'
SUBSTRWC TARES QUOTIENT STRUCTARES MORPHGM S
— —_— —
EXAMTLES
—
GLa(C C
Sav\ (X) " (C) Y " .

M s S perhrians
Qﬂwe&é SYMMETRISS

ARE REVERSIBLE ) S\@»\m( ) T (v\do\‘)ecks) 86:: (wa‘c\‘)w\t)
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M. GROWPS, RINGS , VECTOR SPACES

GRO WP A GROWE (3 A SET (r EQWIPYED WiTH AN Qs?sgcs&?rv\iu
3€T,+)0 ’r GxG— & (py) = axg =gy
:M)E K)? yg ¢ AN [DENTITY GLEMENT € Wit RESFECT To
€
| -1 _ _ -
3 SACH THAT Vaeev 33 eG  wiTh 36‘— e = 3‘8
SUBSTRWC TARES QUOTIENT STRUCTARES MORPHGM S
— — .
SUBGROWP =
SWBRSET K <SG THAT §
A GROAP WNDER ¢
hxWw'ct Wi lcH
EXAMPLE S
—
Sym (X) GLa(C) ¥ Co
S gl Y[y

WHERES SalKMETRIES lin N
ARE REVERSIBLE S\OM e

S‘GM (w do\‘)ecz\t) 8‘5&: (w u\:\')ew\t)
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M. GROWPS, RINGS , VECTOR SPACES

ASSOC(NTIvE

GROWP A GROUT (5 A SET (r EQWIPPED W(TH AN oYeRATION
‘k.' G—XGV — Gr QB)%,) — 3*3/—:: a%/

S€T) 0o, =
\N‘JERS?S 4 AN DENTITY GLEMENT € uliTi RESTECT To
€
4 SWCH THAT VGGQ_ 33"6(} WATH 36—\5 e = 3—‘8'
SUBSTRWC TARES QUOTIENT STRUCTARES MORPHGM S
—_— — i
SUBGROWP =

SWBSET HE & THAT §
A GRoOWP WNDER ¥

hxw'ct Wi lech
e &

NORMAL SKBGRaWP =
SWBGRAWP N oF G 2.

wo ! e N
“ % % V%ec\’) V\GYJ
46
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M. GROWPS, RINGS , VECTOR SPACES

ASSOC(ATIVE

GROWP A GROUT (5 A SET (r EQWIPPED W(TH AN oYeRATION
‘k.' G—XGV — Gr QB)%,) — 3*3/—:: a%/

€T, +)0, =
‘MEMTS $ AV (DENTITY CLEMENT € wiT RESTECT Ta
€
% SACH THAT ¥aek Jglel wirh AK'=e= a9
SUBSTRWC TARES QUOTIENT STRUCTARES MORPHGM S
— — .
SUBGROWP = QUOTIENT GRANY =
SWBSET WS G THAT § FoR N < G, AN (NDACED

A GROWP WNDeR K

Rowp WCTURE 6N
hah!/c Vi leh GRawr STRACT

He & &/ ’={3N l g€ &)
NORMAL JnBGRoWP = W a™ = aal/N
SWBGRoWP N oF & 2. J d 09
?;\ﬁg‘ c }J €agq&!:1: GL}J

Gt Vvéecr) weN (‘3"”-‘ o 8_\N
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M. GROWPS, RINGS , VECTOR SPACES

SSoc (ATIvE

GROWP A GROWT (3 A SET (r EQWIPTED WiTH AN SYSRATION
‘k.' G—XGV — G\' QB)%,) — 3*3/—:: a%/

3€T,+0Q, =
lN‘JERS?S 4 AV leNTn’a ELEMENT € WITH RESTETT Ta ok
© 5< Sek THAT Vaeev 33"6(} WA\TH 33"= e = 3"8.
SABSTRWCTARES QUOTIENT STRUCTARES MORPHGM S
— — e
SUBGROWP = QUOTIENT GRAWY = GROWP OO .
SWRSET HEG THAT Y R Nd G%/‘A“, INDALED 55; Gt'___a c*/
A G’Rn\k?/v\vdbek ¥ ROME STRACTURE &N FaneT(oN)
hWxw ct Wi leh (ST MmoReHIINY
e & =
SN {qN | ge &9 St THAT
SKBGRaWP N oF G 2. /
?5“‘%;l c }J 'GEGV&‘ 1= GL}J 5ﬁ:({3) ikf g{(tg)

gt Voéecv) V\GVJ (3” )-I = 8—\N V{’)lkg G\’
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M. GROWPS, RINGS , VECTOR SPACES

GROWP

86T,+,o, —

INVERSES

A GROWE (3 A SET (r EQWIPTED WiTH AN Q?ERA‘T\QM
: GxG— & QB,% — 3k3='3%

4 AV leNTma ELEMENT € WiTH RESPECT Ta o

% SACH THAT ¥aek Jglel wirh AK'=e= a9

ASSOC (kTIVE

COMMNATATIVE DIA GRAMS

ENCODW & CAUTRASIT(a) o€ FRNCTiIaNS

Gx & = > G
(gn) > q%h
Fust &
B(akW)
| ), #00) — gigxe e |
& x &’ « >1=(S(181—\-
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MAORPH M S

GROWY t{oMOW .

B: G — &/
FaNcT N
(ST MmORPHIM)

Sty THAT
Blak W)=
?5(3) ‘k/ ?f(k)

Va.\w G



T. GROWPS, RINGS , VECTOR SPACES

3€T,+)0, —
INVERSES

GROWP | | A GROUT 5 A SET G EQWIPPED WiTh AN SYERATION
*x: GxG— & %;%’)\——3 3k3='3%

€ AN [DENTITY ELEMENT € wiTi RESFECT To

4 SWCH THAT VGGQ_ 33"6(} WATH 38—\5 e = 3-‘8'

ASSoC(ATIvE

COMMNATATIVE D\A GRAMS
SN CODW & CaRaS I Tian) o€ FRNCTIaNS

START
& *x G L > G
(gh) > qkh
—— PATHS fﬁw\w
START TQ FIV
ExF AIELD SAME RESWT &
2B(akW)
| g, #00) — gk ¥ |
/ / 1
Q X G >F(S(tSI—\'
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MAORPH M S

GROWY t{oMOW .

B: G — G
FaNcT N
(SeT MmoReHIsI)

Sty TRAT
Blak W)=
& (g) % #()
Va.\w G



T. GROWPS, RINGS , VECTOR SPACES
ALGEBRAIC STRUCTWRES —

SET |—>| SEMIGROWP |— | MONOID |—>| GROWP
SET, ASIOCIATWE  SET, +)NewrrALELT 0/ 3€ET,+ 0, T
OIERATION + INVERSES
C | ABELIAN GROWP [<
RIN G GROWP WITH
COMMWUTATIVE
ABEUAN GRUINP OPERATION
W\TH ANSTHER ORERNTION ¢ V7
VECTOR SPAcE

RING WITH COMMUTATIVE o,

OVER A FIELD

[Qw?k’r (BLE WITH +
FIELD

\DENTITY ELT L) =
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ABEUAN GRIAP
WITHk ANOTHER ORERATION %
COMRPATIBLE W\TH +




T. GROWPS, RINGS , VECTOR SPACES

RIN G ARING (8 AN ABELIAN GROWP (R,+,0) WiTH AN pésggr({'ﬂfew
ABEUAN GRUAP v RxR—R G e
WATH ANQTHER SWCk TuNT ¥es,teR:
OYERATION ((+s)- t=Es)+ %), rG+e)=Cs)+ (k)
COMPATIRBLE WITH +
SUBSTRWCTARES QWOTIENT STRUCTARES MORPHEMY
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T. GROWPS, RINGS , VECTOR SPACES

ASSOC (kTIvE

RIN G ARING (8 AN ABELIAN GROWP (R,+,0) WITH AN oYeRATION
ABEUAN GRUAP + :RAR—R ) rrl=rr’
WITH ANSTHER SuCk TUAT N¥rsktek:
ORERNATION ¢ (r+s) - t=Es)+ () ) r(s+€)=Cs)+(c¢)
COMPATIBLE WITH +
SUBSTRWCTARES QWOTIENT STRUCTARES MORPHIEM S
— — a—
SUBRING- =

SWBHSET S<R THAT §
A RIN G WNDER + AND o

SR

\DEAL =
SABRW G- T ¥ R
sact 8L, dceL

¢EFL &.G'x:
Tag YO
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T. GROWPS, RINGS , VECTOR SPACES

RIN G

ABEUAN GRINP
WITH ANOTHER
ORERNTION

COMPATIRLE WITH +

ASSOC (ATIVE

ARING 1S AN ABEUAN) GRAWP (R)+,0) WITH AN ‘over ATioN)
e« :RxR—R (E)— ru/=rr’
Swekk TuAT ¥es ke R
((+s)- t=Es)+ %), rG+e)=Cs)+ (o)

SUBSTRWCTARES QWOTIENT STRUCTARES MORPHIEM S
— e —

SUBRING- = QUOTIENT RING =
SWBSET SR THAT & FOR TLR , AV INDACED

A RIN G WNDER + AND o R(G STRACTURE )

SR

K/p={+T | e RQX
\DEAL = (A3IN G ADPDITIVE COSETY *

SWBRW G- T dF R
sacH L, reX

\ff‘E?L;v&'G—XL

T 4R

T <R SWRGROWP
S AWTS MATICALYY MORMAL
(R ABEUAN GRYAP )
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T. GROWPS, RINGS , VECTOR SPACES

RIN G

ABEUAN GRINP
WITH ANOTHER
ORERNTION

COMPATIRLE WITH +

Ssoc (kTIve

ARING (8 AN ABELIAN GROWP (R,+,0) WiTH AN A&?ERAT\QN
e« :RxR—R (E)— ru/=rr’
SWelk TUAT ¥es ke R
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Enjoy this lecture?
You'll enjoy the textbook!

C. Walton’s “Symmetries of Algebras, Volume 1” (2024)

Available for purchase at :

619 Wreath (at a discount)
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