Lecture 02: Remainder of division by 3,9, and 11

Sunday, January 13, 2019 9:29 PM

In the fPre\ubus lectuve we saw oy e,xo\m")\os R r\’ngs, and e
rbwahha described rn'nas as Newd sds{xm o numbers . Let 7s See

. W

how thee necd %sﬁ’m o} numbers can help us understond the old
sas—h:m o numbers betler

[ Find the remainder o 10320192020 dinded by A -
e, 10320112020 -

1% 10 +O0x 10'+ 3x10° + 2% 107+ 0 x40 +1x 107+ % x 10"+
2%10° +Ox10+2 x 10+ O .

Since we wont to Find the remainder of the above S&Am-?raJ-
diviled loa A coe need o Pind the “circled “-version Zq .
1® 1010 @ O 10(1 830 :LOﬁ5 DL 1076 Oe 106631@ 105®°| ® 1049
29_1()3 e 0 102032 ® 10® O . Now notice thet 10=1 ZG‘;
and S0 10 =4 in 'Zo\ 2o any neZZO. So e neet o
td 1000302000109 20002®0;

we ne.eJ +0 O\<lc{ ‘H\e c‘\‘a{‘l:s G\rcl ‘Plnci \+S YQmm\'ncler‘ cll'\/\'clcg‘ b\a 9.
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Lecture 02: Remainder of division by 3, 9, and 11

Sunday, January 13, 2019 11:42 PM

1039 2019202 =2 .

6
———————

w7 —

G] =0
Since 10=1 Z&, o Sl‘miIOn(‘ me:H\oA coorks ‘aor‘ o\v'v-‘s\'om

L«d 3.
@_ Find the Yémo\\'Y\AQY“ Og 1032019 2020 c‘{\/l'e}ecl 196 11

Solwh‘cm. %imi‘o\r %0 ’H\e_ (me'ou.s o‘mes-‘:uon e ‘no\ve jcn %nA

10 q % 7 6 5
1810 08 10 #3210 210 80e10 61010@"1@104@

2
‘29103 0010 2 ® 10® QO n Z:L:L . Nohce Ht

ioz -1 n Z

+ %ncj'

OQ(Z)@ o @c—zmaq 1) & oea(-z)q; 3@(—0)61

14 2 ond S0 10n= (—:Dn I Z:ll‘ Hence. coe need

— - = S -+

N — ~N— e~N— v
-4 B —2 “+
k/\( ) C
“ 2
C v v
6

_ G . So the onscwer s €.

Remar}a. "P o enA v\? ooi{'l\ =N V\eah’h\/c humgacr/ e V\etc‘ :?*\mj OU\-\,—
oolm—k |'+ IS 1h Zh . Yor ihitomce —3= D ™ Z“.

math103b-19-w Page 2



Lecture 02: Direct product of rings

Sunday, January 13, 2019 11:58 PM

Ho\\l\'ng rl‘nss <R1 , .-.,Rﬂ , one Can Cons%n/\cl,’ A Newd Ome -
RypxR =3 x| xR borall 1§ - CH s called the

drect ?WJU\C\: of Ri%s.) Qe odd ond mva-{?la cwmyonen‘\:ool‘se:
n (R| m Ra
C’X\,--.,‘)Cn) -I‘((x:, -—-,9(:\) = (&/::ff??\ly ~--)9Cn+?(,<) O\ncl

C%‘) - )()(“\ : ((K‘/) "')rxn/) = ((K\(x\/ 2 T %V\%\f:)

n (R‘

R ?i ’S are U\m'-\:o\‘ (‘l'nas , ‘Hth ‘P‘x "'X?n IS U\ni‘l’o\[ .

(:LR‘ ’ 71?,\\ ) ((x‘ z--')txn) = (icR"%‘J "')iﬁRv\"Xn)

= (%)
C(x\) =) 'Xv\\ ’ (i ‘) "'):‘QQ = (7{!' i?" ) 'X«“- iQQ
=X -9%KR) -

Se (i‘R ) s :LR“\ is the \'clen{-»i\g R Rx-xRy -

1,0y (2,2)
Ex. Grpide & cwhee o [( o ¢
Co, 2) (o,

]E MZ_(Zx'Zzp :

Solv\'h'vn )
, T +@2) 0.0  @da) 2,20+ @2,2) ©1) X
O\ =

(o 2)(1,0) + (O)i) CO:Z) CO,Z7' 2,2) + CO) 1)2_
(1,0)+(0,0) (2,0) +0©,2 } [Ci,o) (2, 2_)]
(0) 9—) (oli)

((0,0)+02)  (00)+ @D
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Lecture 02: Integer multiple of elements of abelian gp

Monday, January 14, 2019 12:10 AM

A Fews doservabons: (1,0).(0,4)= (0, 0) ; ad 0 (1,0) ond (0)4)

ore  zern-divisors in Z. xZ‘r (2,2 2,2y=(H#,0 m
Z x 24 .

(A)ar‘mhj - Here (O\l,.,.,o\n\ . (E\, ...,Eh) Shov\\oj no'l' l:)f. Correu\secl
o ith the dot ‘frvcj a? 1230 VfYJﬂ'ce& .

R&an . lh 8”7\&? ‘H’ltofg 8OUL |€o\mtc‘ Oolw:l;' 8n means ‘?vr % n o

arwtr (C\-,-) anc‘ ne Z .
P%S ,':? nSo

3":. S — S ond Qou have seen its

1 l;f' N=o
JDo\Sl'c, -\)m'l)c\’"?les “

‘.Ca-i)' '02)-1) 1 n<o

R e —
-n  Tiimes

n
Vae G-, ¥ \m,neZ, 3’“ . an = 8m+h Omo‘ <%M> — %mn . (*.)
-To_ oLserVe_ ‘H1e~.>e e.TAoCHons one <oan Cov'nsu‘c[c r Venous Ceses

laqsf_cl on sa'ﬂns orP m am:[ n. C«)n‘lh’r\a these For an obelian

O

g (R, 1) e we the netockiom n MSL?;AJ;

P X+ -+ N o N>e
=, o e ? n=e and &) ae‘lls Yransbited o

(:?f)+--~+(-?() ':P n<o
\ —-n trmes
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Lecture 02: A homomorphism from Z to a unital ring

Monday, January 14, 2019 8:21 AM

haem) X = NX+mxX ond  nma) = @m) X . G

Sugpose. R, +,-) is @ nirg. As (R,4) s on abelom O,
& holds For it - Netite that 6) canndt be deduced Prom
?m?crh'es o} rings. Here i are in Z ond ot necessam'\d
W R oand nx s nt the rig muHplicabion 1n R (s

a nNew no'l’a‘l'lm Jd\o\"f e are Eorroool'nﬂ ‘%'om 8mu]>‘|7}xeor3.). Hence
66 hos nd'Hn'na o cjd C—ol"H\ Atﬂ'ﬂ'bv\“n‘v& anc! O\SSO‘C\\DC\T'\‘%

?ro?erb‘es P O'Fem‘l'rbns in R.
‘?:cr‘:iarosi‘hbn . SUL?Pose. R is a un i'}'q’ rima. “Then

C:Z—)R , Cln) 1= niR

is & n'ms lnomomoq;kt‘sm.

M., cim+ny= (M) i’R =t m g+ niy =cm+cn
?laa €D
.CcC = i X 1y = ) @)
mn) (rm)y R mJﬂx:\tgn ,R):f- m <un
Cemy=mi_= iR+ TR ‘ > . and 5o
R ° . F  m=o

E_TR).'_.-.-kC—iRi P m<o
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Lecture 02: A homomorphism from Z to a unital ring

Monday, January 14, 2019 8:39 AM

AA——————— .
Clm) CN) = (LR* ot 1(;,\) Ctm F myo
o . Ccam ®  m=o
((_ L‘Q-\....—r(.i,k}\ cen) ('P— m<o
—m ‘\Tl'mes
Nh:sc‘l’mﬂs .
5) LR_CCn)-\-.._-\-iR. COn) \‘;?' MmYo
® 2 m=o

b(——i@QCh\‘\'--"l'(—i,R‘)COﬂJ #  m<o

S

—-m ‘h‘ma
Lag) “\13«&5

eS| :
COMN + - + Cln) ¥

o \'.9 m=o0

(—ccm)+ - +(~Ctw) #  m<o
V\/; 2
- ’h;mes

= m CGry aT)

@) and QD) imply  C Com) = com) cony E

Let’s corsider the special cose of R=Z ond 9ive oncther
berprotabion of . Z—Z, .

“Er_oPosiJabn. C:Z—»Z ,C (X5 the vemainder a{? x divided LZ\ n,

5 & rma l'\omomanl;h\‘sm .
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Lecture 02: Homomorphism from Z to Zn

Monday, January 14, 2019 8:51 AM

- B3 the previous ‘P\’O‘pos(‘hbn CZ¥Z_ ,clm)=m 12 s

—_— n

Q Y'fhg }\omormrrf}n’sm.

wm times
1,0 o1 P m>o
mil = [ 2, L
Z 9
n o "Q m=0o
~m  tmes
¥(_izh)@---qaC-12n) P m<o

TEM(}\JQY' ofl m cl\'vfo‘ec[ 193 n i-?- m>o

ond foke

e remonder

remmhcler owp G4)En) cJu’w‘c‘ecl tan n # <o
c‘l'\/\'o'eJ

= cn(m 5 amcl Clm’m -Po[locos. '}

Does the Soame method corks betoren Zh Grd Z ?

Q| s < : Zn—) Zm , CHM(O\):—': the QMG\I‘P\JQP 0‘9 QA

i divided by m

O rl'ng }\omommrl':i?n ? a

Let’s ckeck it for h=2 ond m=3%:

CZ3CO)= (o]

)

, So.(dr=1 . Does it Preserve + 7

Cl;s(j&;j&\= C«z'sc«): (6] NO, ‘;17 Joes Y\Jl'j O\’NJ
n 23 c fs nat o\n‘na hom .

o
Cﬂvz-,c_‘m + C’:L;_v,(i) = q+i=2 3
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Lecture 02: Homomorphism between Zn and Zm

Monday, January 14, 2019 9:14 AM

UnJer ou‘\of\: Concj:‘hcm Ch > a n'r\(c) l’\ommor’fi'\l‘sww?.

'm

Let’s do L)O\C‘QDOOW’J enarneerina:, Buﬁos% o 'S Y‘l'ha homomo r?L\\Sm-

Then Ch,m( :LZ“_r w—riZ“\ = ch.m(ilw) T """Cn,m(izn} (—Y\

~N—

k  times
Na_{n‘ce 'H\a\"{j j.Z =1 O\nc( Ch;m(izh)= i = j.z

n w

_Fo“cco\-“a ‘H\e %mf\e 0'«?- n=2 G\r\J \m=3, we ‘e'\i' k=V\,

-—”_\cv\ 1 R | = O ) Omc‘ So ﬁ) im?h‘es

. Z,
n himes
h.M CO) = i m 1zm= YQW‘O\\‘O‘Q\" Og N C{l\/l(lez‘ La m.
| O ,
o N times

'Hence m [n .

Suvtmno\ﬂé. H') Ch — Zn—?Zm, Cn'm(o\\ = the mmo\\'tdtr
' 019 o divided Ln m

> o r1‘r\8 }’\Oﬂ'\omrfl'“.sh, then m |n.

Nex+ e oco«“":‘ "l,‘o S]wc.) i’lfS Converse. (e QLSO Sl\ec\\ 'H'\o\'l'

the ollowing diagram cCommates;, thit means c
3 aﬁ /? 2 \ C_w(o\)
no motter G\)l’l"(ll'l ?erw ooe‘tz\ke ar %e+ -H\e Z ____, 2

Somne resvur (_‘T\e Cuwe,ci Armed soys s o Cphl) k—n—m—b'c (C,(o0)
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Lecture 02: Homomorphism between Zn and Zm

Monday, January 14, 2019 9:31 AM

Commw‘:‘\‘n% o\\bﬁmm.) S in ths cae T meons CnmCC.ncO\ﬂ=cm(oa.

~Theorem . SU\?Pose min. Let ST Z—>Z_,
@ = Yermainder o o
divided La ™.

_W\cn Cn = 5 a r‘l'ng lf\omomowrkfsm 5 morcovey
-U\e -{)-o“ocol'ng olu'mar'o\m Qo\mmwljes} '[,_Lo\'lf memns

C ( C Z
e CnC«\\ = C,_ (- n/ 5 \Cm
‘Z% We Sl‘o«'l' corth ")Yoving +Hhet Zn-c_—' Zm

n,m

"H'\e men‘l'lbneo\ ol('o\ rom IS GLCtmnmv\“;'\?\a c{lbxamm \“P m |n -
(No{‘!tc thot . i m){n , +hen ths cl\b\amm 5 M‘l’ Commm'h'ng;

}\ere, 'S on %mT|c: \Z
N\
Z,__, Z,

O ]\w 6] :7’6 2 ‘ )
We l‘.o\\/c ‘|70 SLooO 'E(Ir‘ ana XA , Cn,m CChCO\)\ =CmCQ\.

Let’s E'l:m"l’ corth Cn @) - Le:l: ﬂ' l)e ‘H\e O‘Ma";\en‘{' O¥ o

dvided EH n; and o o= nq+ cn(? Next let 9’ be

the qwl,‘lénf o .. divided L((_'] m
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Lecture 02: Homomorphism between Zn and Zm

Monday, January 14, 2019 9:46 AM

ond 0 C () = m‘\-/"' Cnlm(c:n(o\\y

Yemainder 0'?- C. D dwidel by m .

Dond @ fmly o =nqimg’+ ¢, (c @y ©
m |n rmgles  m|nqmg’; and S 39’e Z st
ng+mq'= mq’. Hence |°3 3 we have

o= mo(+ c,..(cay . @

In % o, i, ) \m—iz

33 @ amol Mmﬁueness a-£ ﬂuo{'l'en-lr Omc‘ mzmon'nc[.er C%rom \0113

o[l'vfs'bn) e Olec[UkCQ 'Hm": C.Th MCC“C@) 'S 'H\e remm'mler r/-.? a

!

cL‘vn‘o‘fJ l:a m Lence. Cm(oq= c“’m (C“Coq\ .

Qe ciill iQmislq r\)mve o{? ‘H\\'s theaen 1n ‘H\e nex{: lec'):ure.
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