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Operations over sets

Let G be a group, H a subset of G, o binary operation of G,
anda € G.

Then, the operation over an element and a set is defined by;
aocH ={aoch|h € H}

* Sometimes operation is omitted and denoted as aH

Example
For a subset H = {—3,0,1,4} of Z, what 6 + H is?
Of course, we can define the following in the same manner:
eHoa={hoa|lh € H}
* Hy o H; = {hq o hy|hy € Hy, h; € H,}
« H'' = {h~1|h € H}
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EENEER

« G=F, HZGCDERESE, - Z2CHO_IEEEF, a € GET D
e CDEE, EEETEDNERIFLUT TEETES
aoH ={ao-h|lh € H}

s TIEEEFNEBINTaHERTETHIENSZLY
15

c IDEHNEEH = {-3,01,4}FTBHEE, 6 +HIE?
s 1554, UTHDEELRIRICEZRTESD.

e Hoa=1{hoalh € H}

* Hy o H, ={hy o hy|hy € Hy, h, € H,}

« H™1 = {h"1|h € H}
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Preliminaries:
equivalence relation and equivalence class

Definition 9.1 (Equivalence relation)
A relation ~ is an equivalence relation if it has the following
three properties
(1) Reflectivity: S 3 Vx, x~x
(2)Symmetry:S 3 x,y, x~y = y~x
(3) Transitivity: S 3 x,y,z, Xx~y,y~zZ = X~z

Definition 9.2 (Equivalence class)

Assume that an equivalence relation ~ is defined on a set S.
For S 3 a, the set of elements equivalent to a is the
equivalence class with representative element a, and
denoted by a, that is,

a={x € Sla~x}
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#m: FHER R ERHERR

« E#9.1(EMERAR)
« £EESEOBB~HIPRIEREZRTHDIEIL, LTD3IDDHEMNKYIDZETHDS
(1) 5112 :S 3 vxIZR LT, x~x
(2) X FRE:S 3 x, yITRLT, x~y = y~x
(3)HEFEE .S 3 x,y,zIZRLT, x~y,y~z = x~z
« £#9.2(REEZE)

« EESLEICRERR~-NEESNTNDES, S alcHLTalCEETHATZE
TEOI-EE7, a’Eﬁi’%ﬁ:tT?lﬂﬁ?ﬁEtJ:U, ath<
a={x € S|la~x}
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Classification by subgroup

Theorem 9.1
Let H be a subgroup of a group G. Then for a, b € G, the conditions from (1)
to (5), and from (1’) to (5’) are equivalent, respectively.
(1)aH = bH, 2)a*b € H, (3)b € aH, (4)a € bH, (5)aH NbH + ¢
(1YHa = Hb, (2’)ab™* € H, (3')b € Ha, (4)a € Hb, (5%)Ha N Hb + ¢

Proof

e (1)=(2):
Since b € bH = aH, there is an h in H that satisfies b = ah. Therefore,
a'b=heH
¢ (2)=(3):
{RBy assumption, there is an h in H that satisfies a~1b = h. Therefore,
b =ah € aH
« (3)=(4):
By assumption, there is an h in H with b = ah. Therefore, a = bh™! € bH

e (4)=(5) :By assumption and a € aH, we have a € aH N bH. Therefore,
aH N bH # ¢

e (5)=(1) : Omitted
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R AEIC K AR

« £IH9.1
c BCOERHEZHET HEE, a,b € GIZDONT, RD (L)AL (5) DEH, RU(1)
M5 (5) IERIETHD
e« (1)aH = bH, (2)a b€ H, (3)b € aH, (4)a € bH, (5)aH NbH * ¢
e (I"YHa = Hb, (2’)ab ' € H, (3')b € Ha, (4)a € Hb, (5)Ha N Hb * ¢

e SIEER
e (1)=>(2):
b € bH = aHXYb = ahZifE-FTHDIThH$HD. PAIZ, alb=heH
e (2)=>(3):
RELYa b = hEml=-THDIThHHD. PZIZ, b =ah € aH
e (3)=>(4):
RELYD = ahZEifE=FTHDIThHHD. PZIZ, a =bh™t € bH
« (4)=>(5) {RELa€aH&Ya€eaHd NnbH. BZIZ, aH NbH # ¢
o (5)=>(1): 4%
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Normal subgroup (1/2)

Definition 9.3

e A subgroup N of a group G satisfies the following, N is said to
be a normal subgroup of ¢, and denoted by ¢ = N
aN = Na (Va € G)

Note

e The equation is equivalentto a *Na = N (Va € )

e When G is commutative group, any subgroup is normal
subgroup

11
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IEFRBER 53 EF (1/2)

« EFE9.3
C BCOBMABNISRREF T EE, NZCOERBABTHHEOL,
G = NEMK
aN = Na (Va € G)
IE
e FXKIXa'Na=N(va e) LRHE
« GMAIMEDLEE, FEDTH D EHIFERBAEFTHD

12
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Normal subgroup (2/2)

Theorem 9.2

If a subgroup N of Gsatisfies the following, we have G &> N
a INa S N (Va € G)
Proof
Since N = aa " 'Naa ! € aNa=! € N,wehave N = aNa™ 1.
Therefore, we have Na = aN, and hence,
N is a normal subgroup of G (G = N).

Example of a group (rotation of triangle)

* Subgroups of G are following six;
{e,r,f,a,b,c}{er, t}{e a}{e b} {e c} {e}
* Among them, normal subgroups are; {e,r,¥,a, b, c},{e,r, £}, {e}

13
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IEFRER 785 (2/2)

e EIH9.2
s BCOENHBNI R EFE-ITLELIE, 6= NTHS
a 'NacS N (Va €G)
o ZIEBA
e N=aa INaa ! caNalc N&Y, N=aNal. PZIZ, Na=aNM
YL D=8, NIZCHDIERE7E (G > N)TH5S
« B (=ZAFD[EER) DI
e GDERREEIL, {e,7,2,a,b,c}, {e 1, ¥} {e a}, {e b} {e c} {e}D6D
e COPTIEREREEIX, {e,7,4,a,b,c},{e 1, ¥} {e}
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Confirm that N; = {e,r, £} is a normal subgroup

oG ={ertab,c}

erofer,?}={er t}or (=1{r 4 e} cle|r|tla|b]|c
«tofer ¢} ={er )0t (={ter) ele|r|tja]b]c
eaofer ¢} ={er t}oa (={ab,c)) rir|tlelblc|a
ebofer,£}={er,£}ob (= {b,c,a}) t|t]le|r|cla|b
ecofer, £} ={er,}oc (={cab}) aja|c|blie|t T
= gN; = N;g (Vg € G) blblajc|rie|t

clcl|blal|lf|r|e

15
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Ny = {e,r, O} IERRE DB THAOLZHE

AN OIS

oG ={er{ab,c}
eroferf}={er Lor (={r e}
e fo{er t}={er ttot (={fer})
eaofert}={erftoa (={ab,c})
ehbofert}={er }eb (={b,c a})
ecof{er,tt={er f}oc (={cab})
= gN; = N1g (Vg € G)

—

ole|r|f|la|b]|c
ele|lr|¥€|a|b|c
r|ir|f|le|b|c|a
| |e|Tr|c|la]|b
alal|lc|b|le |t |T
b|bl|la|c|r|el|f
c|lc|blal|f|T]|e
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Confirm that N, = {e, a} is not a normal

subgroup

oG ={ertab,c}

eFora € G

e aofe,a}l=1{a, e}

e {e,a}loa =1{a, e}

s aof{e,al ={e,aloa
eForr € G

e rof{e,a}l=1{rrc}

e {e,alor ={r, b}

e rofe,al #{e,alor

ole|r|f|la|b]|c
ele|lr|f|a|b|c
r|ir|f|le|b|c|a
| |e|r|c|la]|b
alal|lc|b|le |t |T
b|bl|la|c|r|el|f
c|lc|blal|f|T]|e

17
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{‘\1152%): {e, A} IERR BB FF TN EZHED

eG ={ertab,c}

oA ole|r|f|lal|b]|c

*a€GDIHE elel|lr|f|la|b]|c
e aofea}l=1{a e}

e {e,a}oa = {a, e} r|ir|f|le|b|lc|a

cao{ea}l={ea}loa | P|le|r|clalb

‘T EGCDIZE alalc|ble||r
erofe,a}={rrc}

e {e.a}or = {r, b} b|b|la|c|r|el|?

e rofe,a}l #{ealor C c|bla|l|r|e

18
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For Residue Class (or coset)

* You can define equivalence relation on elements in a group G
* Once we have equivalence relation, the group G can be partitioned by
equivalence class

e Using a subset H of a group G, we consider an equivalence
relation ~
* When aH = bH, a,b € G are left equivalent for H.

» This quotient set given by the left equivalent relation is called left
residue class (or left coset).

o Let b be the set of left equivalent elements to b € G, then
b =1{alb~'a € H}
e Sinceb™la € H © a € bH, wehave b = bH.

e That is, the set of left equivalent elements of b € G is bH.
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HRFHIZTDULNT

« HCOTICRERBREEZR TS D
- AERESHDHENITLF, BCEREHICHTHIEATES

c GO EBHZF-TCRIEMBR~TEZD
e aH =bHDEZE, a,b € GIZHIZEALTEEARITHDELS
c COEARIEVSRHEBRICE > TIEON-BESEEEIFIEELS
« CCT, beGEEBRIGRELETEDIEEZbERLE
b ={a|b~'a € H}
eblaeHe aebHXY, b=DbHERD

«DFY, b e GEERRGRERICIELAREIFDHTH S
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Definitions for Residue Class (or coset)

Definition 9.4
Let G be a group, H a subgroup of G,and a,b € G. WhenaH = bH, a
and b are left congruence modulo H. Similarly, when Ha = Hb, a and b
are right congruence modulo H.

Definition 9.5

Let G be a group, H a subgroup of G, and a € G. The set of left
congruence elements to a modulo H is left residue class (or left coset) of
a modulo H (left residue class of H). The set of right congruence
elements to a modulo H is right residue class of modulo H (right residue
class of H). Especially, since H = 1H = H1, H itself is left residue class
and right residue class.

e For a normal subgroup, its left residue class is equal to the right residue
class.

21
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BIRFAEICEART OERE

c 9.4
o GZEE, HEGDE D EEEL, a, b € GET S. aH = bHDEE, abbldHZEEE

LTEERTHAEWND. RHRIZ, Ha = HhDEE, abblIHEEELTEHESE
B THHELD.
« EFE9.5

« GZF, HEGDENELL, a e GETH. CDEE, HExEELTatEERT
HECDTTERDEESZaDHFELTAEEIREHDODERIFRE) ELVD. F
=, H¥ZEL TCalt B ERITHACDTTERDEESZaDHEFR LT HEEIFR
MBHDBBIRE) LS. ¥, H=1H = HITHAHh5, HEBITEEIR
ENDLEEIRETHS.

« ERE D BHORFRBLEFRAE—ET S

22
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Residue Class (1/2)

Theorem 9.3
e Let G be a group, H a subgroup of G, and a € G. Then the relation of the

e
left congruence modulo H (a~b < aH = bH) is equivalence relation, and
the equivalence class {x = a|G 3 x} containing a of G is aH. Similar claim
holds for the right congruence.

Proof (for left congruence)

1. First we show that ~ is an equivalence relation:
(1) Reflective: For G 3 a, since aH = aH we have a~a
(2)Symmetry:For G 3 a,b, a~b © aH = bH & bH = aH © b~a
(3) Transitive:For G @ a,b,c, a~b,b~c & aH = bH,bH = cH & aH = cH &
a~c

2. Next, on the relation of the left congruence modulo H, we show that X =
{x = a|G 3 x}implies X = aH. That is, we show X 2 aH and X € aH.
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F|RFE(1/2)

e EIH9 3
o GZEf, HEGCODENEEL, a € GETH. CDEE, HEFEELTEERE

_ def "
LUWNSEIR (a~b © aH = bH) IZRIERRT, (D ST RESE
{x =a|G 3 x}XaHTHS. BERIZDVTERIERIZHKYILD.
e SEBA(EARIZDLVT)
e ~HWEHEREZR THA_LETTT
e (1) EHE:G 23 alZxLT, aH = aH&KY, a~a
e 2)XH#ME:GDa,blZxLT, a~b © aH = bH © bH = aH © b~a
e 3)HEFRIE-Gd>a,b,clZxLT, a~b,b~c © aH = bH,bH =cH © aH = cH &
a~c
« RIZ, HeZELTEBREVLSEARICEWT, X ={x =a|G 3 x}&T
HEZEX =aHERAIEETRT, TG, X 2aHMNDX C aHZETRY
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Residue Class (2/2)

(Proof continued)

e WeshowaH € X (X ={x = al|G 3 x})
* It is sufficient to show that aH 3 Vah is equivalence relation to a.
e a l(ah) =(ata)h=h€eH
e By Theorem 9.1, ah~a
* Therefore, since Vah € X, we have aH € X

* We show X € aH
e Forany X 3 Vx, we have x~a, thatis, xH = aH
e SinceH>1,xH>3x
e Thus aH 3 x
e HenceaH 2 X

* Therefore, the equivalence class including a is aH.

* For right congruence is similar.

125



F|RFE(2/2)

« (GEBADDDOE)
caH S X %9 (X ={x=a|G>x})
e aH 5> Vahh abRHEREZR TH A EEF R IE LKLY
e a l(ah) =(ala)h=h€eH
« BH9.1KY, ah~a
e PZIZ, Vah S X&KYaH € X
e X C aH%ZRY
e X D Vx&&bDéx~a, §HHBXxH = aH
e H3 1KY, xH 3 x
e KoT,aH 3 x
e WZIZ, aH2 X
o LT=MoT, aZx &L RIEFEITaH LTSS
« BERIZDOVWTHLREH
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Complete system of representatives

Partition of ¢ according to the equivalence relation of “the left
congruence modulo H” into disjoint sets {aH }:
G = U a;H = Z a;H
€I LEI
 This is called left coset partition of G by H
| is the set of indices of the left residue class

* The whole set of the left residue classes is denoted by G /H =
{a;H}ig
* The set {a; };c; of representative elements a; for each left

residue class is called complete system of representatives of
G/H.

* The set of the right residue classes of H is denoted by H \ G.
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TERERR
. g\’éfgl_%ftvc&élﬁj&L\—BIﬂ1‘15F£I1?§'C-disjoint7‘;$é{afl}(:
_=|=_|J
G = U CliH = Z Cll'H

i€l i€l
s INZCHOHIZKDENFEEL A
c ITERIREORFEETHD

« LERBEDERZEGC/H = {a;H};e; TRY
« BEREIREORKRTDEE{a;}ic2G/HDTERERREND
c HDAFIREDERZH\ GERT
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Left residue class of N, = {e, a}

oG ={ertab,c}

 For each element, find the set of elements of left congruence:
e eN, ={e,a},rN, = {r,c},{N, = {£,b}
e aN, = {a,e},bN, = {b,¥},cN, = {c,r}

e Therefore, the left residue class is:
. {{e, a},{r,c}, {¢, b}}

* The left coset partition of G by N,
e (7 =N2+T'N2+‘€N2

N[V [H(Q | ([T
I |IT|IQ |0 |0

Q | ([T XR [ ||

S| Q [N [
O | T (Q || [D
S| Q[0
S e B I T o T el < I«

o ®

(Yo
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7l

N, = {e,a}D EE|FRFE

oG ={ertab,c}

c ZERICHLTEGRILGTTDEEERDHS
e eN, ={e,a},rN, = {r,c},{N, = {£, b}
e aN, = {a,e},bN, = {b,?},cN, = {c,7}

« £oT, EFIREIFXLLT
. {{e, a}, {r,c},{¢, b}}

¢ GDN,IZkBES R o le|r|elalb]c
* G =Ny +rN; +4N, ele|r|f|la|b|c
r|ir|f|e|b|c|a

| f|e|Tr|c|la]|b

alalc|b|le |t |T

b|bl|la|c|r|e|t

c|lc|blal|f|T]|e

(@]
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Right residue class of N, = {e, a}

oG ={ertab,c}

 For each element, find the set of elements of right congruence:
e Noe ={e,a}, Nyovr = {r,b},N,¢ = {¥,c}
e Na ={a,e},N,b ={b,r},N,c = {c, ¥}

e Therefore, the right residue class is:
o {{e, a},{r,b},{¢, c}}

* The right coset partition of G by N,
e G =N, + Nyv + N,?

 The left and right coset partition of N, = {e, a} are not equal to.
which means that N, = {e, a} is not normal subgroup.

31
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N, = {e,alDEEIRLE

oG ={er?ab,c}

« ZERICHLTEERILGITDEEERDHD
e N,e ={e,a}, Nor = {r,b}, N, = {¢,c}
e N,a ={a,e},N,b ={b,r},N,c = {c, ¥}

¢ K0T, GEIFREIFLLT
. {{e, a},{r,b},{¢, c}}

« GON,IZ&LBE DR
e G =N, + Nyr + N,

* N, ={e,a} DEFIRBLEAFIREBIT—HLEL
o« ZHIE, N, = {e, a}) N IEFRER DB TELZEXFERLTULNVS
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Residue class of N; = {e, 1, £}

oG ={ertab,c}
 For each element, find the set of left congruent
e eN, ={e,r,¢},rN; ={r,f,e},{N; = {¢,e,1}
e aN, ={a,b,c},bN; ={b,c,a},cN; = {c,a, b}
 For each element, find the set of right congruent
e Nie ={e,r, £}, Nyr ={r,f,e}, Nyt = {¢,e, 1}
e Nyja ={a,c,b},N;b ={b,a,c},N;c ={c,b,a}

e Then, the left and right congruent are equal to each other as

. {{e, r, %}, {a, b, c}}

e Thus N; = {e,r, ¥} is a normal subgroup

e The partition of G by N4
i G=N1+aN1=N1+N1a

33
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N, ={e, 1, 3 DE|REE

oG ={er?ab,c}

¢ ZRITHLTEEBRLGTDEETZERD S
e eN, ={e, 1,2}, rN; ={r,f,e},{N; = {{, e, 1}
e aN; ={a,b,c},bN; = {b,c,a},cN; = {c, a, b}

¢ ZRICHLTEERLGTDEETZERD S
e Nie ={e, 1,2}, Nyr ={r,f,e}, N;¥ ={{, e, 1}
e Nya={a,c,b},N;b ={b,a,c},N;c ={c,b,a}

¢ K0T, ERIFRIELAFEIFRIEITLIT T
. {{e, r,€},{a,b, C}}
e N, ={e,r,HIERE D ETHS
* G =Ny +aN; = N; + Nqa

125



Order of G, N, N,

e Left coset partition of G by N, (= {e,r,£})
hd G=N1+CLN1 =(€+a)N1

e Left coset partition of G by N, (= {e,a})
e (7 =N2+T'N2+‘€N2 = (8+T+€)N2

* The number of elements of each left residue class is the same
* Therefore, the order of N;, N, divides the order of G

35
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G & NN, DELEUZDINT

G D N,(={er,t)IKBDENE
*G=N;+aN; =(e+a)N;

G D N,(={e,a}) IZ&XBENAE
*G=N,+rN,+¢N, =(e+1r+7{)N,

o ZEIRFEOTDEBIFECTHS
e« 5T, N, N, DL, COREDFIBZIEH->TLNS

36
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index

 When G /H is a finite set, so H \ G is, and the number of the left and right
congruent are equal to each other.

 This number is denoted by |G: H|, and called index of H on G.
* When |G:H| = n,wehave G = a;H + -+ a,,H

* Especially, note that |G: {e}| = |G|, |G: G| = 1.
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CE:

* G/HNAREESTHAHLEH \ GLARKETHY, EFIRBOBEHEE
FRBOBYMN—ET S

« CN%F|G:H|TRL, HDGIZHITBIEHEMESR

e |G:H| =nD&EE, G =aH+ - +a,HEED

o $HZ, |G: {e}| = |G|, |G:G| = 1EEBTEITEE

125



Lagrange’s Theorem

Theorem 9.4 (Lagrange’s Theorem)
Let G be a finite group, and H a subgroup of G. Then
(1)|G| = |G: H||H|, thatis, |G: H| = |G|/|H]|
(2)Both of order and index of H divide the order of G

Proof
For the right coset partition G = Y., Ha; by H, we have |G| = X/-,|Ha;]
Here sincen = |G: H|,|H| = |Ha;|, we have (1).
(2) is clear from (1).

Corollary 9.1

For any finite group G of order £, the order of Va € G divides £. Especially,
we have

at =1
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dl
N,
Jdl
\l
\'I
b

S,
l

c FI0.4(SU SV ADEE)
s GZAHMRE, HECODEN N E#LET D
« (|G| =1|G:H||H|, I7&5|G:H| = |G|/|H]
e Q)HDEUBMEIEHBLEICCHHBDHNETHS

« 5IEBA
« G =YY" HaZHIZKDEREEI NI, |G| =X, |Ha;|E755.
e ZZTC, n=|G:H|, |H| = |Ha;|THBHI B (1) HBEYIID
e (2)1F (1) KYBHSH

e« 229.1
o MIFPDABREGIZE T, Va e GOREIFLDIEMTHS. Iz,

at =1
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Example of Lagrange’s Theorem

Example
G =1{1,i,i% i3} is a subgroup of C*, multiplicative group of
complex numbers without O.
‘|G| =4
« What the order of a subgroupH = (i?) of G?
¢ i2=-1,(1%=1,31%3 = -1,
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55520 1NFEDH

{51
-G—{l i,i2, i3}, OCHWERMDDBEEECD
R4
|G| = 4

e GADERS \EiH = (i*YDEL L ?
-1,(i%)?% =1, (%3 = -1, -

125



For a normal subgroup N; = {e,r, £}

oG ={ertab,c} N N
e N, is residue class and normal subgroup of G. 1| 4
 Consider a set {N;,aN;}on G = N; + aN; N, | Ny | aN,
* N12 = N
e NyoaN; = alN; ClN1 aN1 Nl
e aN; o Ny = alN;

i aN1 OaN1 = Nl

e As in the right table, the group constructed by residue class is called
residue class group.

e If there is a normal subgroup, we have hierarchy of level 2.

R.C.G R.C.G
(order 2) (order 3)
G D Ny D e

(order 6) (order 3) (order 1)

43
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IERER R EEN, = {e, 1, £HZDLVT

oG ={er?ab,c}
e N\ IXCDEIFRENDIEFHET D EHTHD
e ¢ = Nl + aNl-G{Nl, aNl}tL\:)ﬁ'%’E%ié
* N12 =Ny
e Ny oaN; = alN;
e aN; o Ny = alN;
e aN;oaN; = N;
s ARDIFDIZ, FIRBETHEBSINAIBFZEIRELEIS
c IEFRENBENHLHELMERTHEEEZFD

ZREE FIREH

(fir%h2) (fL#3)

G D Ny D e
(firghe) (Frz3) (frz1)

Ny | alN;
Ny | Ny | aNg
alN;| aN{| N4

44
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Residue class group

e Let G be a group, and N normal subgroup of G.
 Then, its residue class {g o N|g € G} is a group.
e This group is called residue class group for N, and denoted by G/N

* For any element (aN,bN) in G/N X G/N, make a correspondence to
aN obN =aobNin G/N.

elfg:=goN,g€G/N
* Then defineas g, ° g, = g1 ° 9>

* This correspondence gives us a binary relation on G/N

 Then G/N is a group for this operation.
e The identity element of the group G/N is N
* The inverse on the group G/N is (aN)™! = a™ 1N
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RRE+

e GHEE, NZGDIEREN D EEET S
« ZDEE, TDFEIFRE(g o N|g € GHIEELLD
s COMDEENIZEAT HEIFEFELLY, G/NTERT
. G/g X G/NDIEE®DIT(aN,bN)IZG/NDItaN o bN = a o BNEXR IS
§ca
. g‘::gON&-d_%)&, g€EG/N
° :o)t%, g1°9> =91 ° gztE%T%}
e ZOXIHIEXG/NIZIDNDZIBEEEZ 525
e G/NIICDEFICEALTHZLT
e HG/NDHEALITIIN
e HG/NDWTlE(aN)t =a™IN
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Example of residue class group

e letZ 3> m > 0.Then mZ = {mala € Z} is a subgroup of the group Z with
operation of addition.

e For example, 3Z = {0, +3,+6,-:- } is a subgroup of Z.
* Then the residue class of the subgroup 3Z is {n + 3Z|n € Z}.

e 3Z is a normal subgroup of Z
e Since for Vn € Z we haven + 37Z = 37 + n.

» Therefore, 7Z/3Z is residue class group.

«Z/3Z ={0+3Z,1+3Z,2 + 3Z} = {0,1, 2}
e Since4+3Z =14+ 3+ 3Z =1+ 3Z, we have these three residue classes
e Note thatn € Z /37
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RIREFDH

eZ3m>0,9 5. ZDEE, mZ = {mala € Z} (FZDIEIZH T HEED
Hor#HETHS
e HlZ (X, 3Z ={0,43,+6,--- HIZOE R THS
e CDEE, BN EIZDEIREEIL {n + 3Z|n € 7} £7135
« 3ZIXZDIEFRER N EETH S
e Vn €ZIZXLT, n+3Z=3Z+nTHB-H
« £oT, Z/3ZIFEIFETHS

«Z/3Z ={0+3Z,1+3Z,2 + 3Z} = {0,1, 2}
©4+4+372Z=1+343Z=1+3Z,%G5DT, ERZDEIFEFIL3ID
* N EL/BLTHAZEITEET S

48

125



Exercise 9

c (DUBOBRBTHLEL, EMBHZHF-ELKREIETHOEZEL
B+ & (Prove that the group whose order is a prime number is a cyclic
group without a proper subgroup.)

o WMEIFTHA_ELEERM N HZTHF-LEWIEDMAZETRT (Prove it is a cyclic

group and it does not have a proper subgroup.)

c QBCOMRMZEHET D HIMEH2DRHTHTHAHLEE,
HAIERE R ThHhSE%E Tt (Let H be the subgroup of a group G.
Prove that H is a normal subgroup, when H has the index 2.)

ca€H&a ¢ HIZIEERITLTEZSES MY T L (It is better to divide into a €
Handa & H.)

125



Schedule(3%Y M F 7€)

11/21(Mon): Today

11/24(Thu)
09:00-10:40 Ring, Field
12:30 (pls submit till 10:40...) deadline of Report (3) (L7R—(3)#E ] HH RB);
13:30-15:10 Ans & Cmts by Duc, and Number Theory
o Last class (ER{Z M EEZ); I'll make questionnaire in the last 10 minutes

11/28(Mon): final exam (EAZRF{E&) (by TA Duc)
40 points
Choices are;
1. Pens and pencils

+hand written notes

+copy of slides

+textbooks

+anything without electricity

Lk W
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