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<ttt
Math 234 —q

: . - o
Modular Arithmetic and Z, Day 24
-2
1. (a) What is the value of 23 (mod 7)? 2 3 2 (
= Nol 7
, ) 0,1, 2,345,63
(b) What is the value of —12 (mod 7)? C‘J\%f\lﬁ“'
L= — 442 o <1252 (bad 3)

(c) Is it true that 23 (mod 7) = —12 (mod 7)?
\/QS) S\‘I\LQ, 2_ = 2
(d) Is it true that 23 = 12 (mod 7)?
No. 2#S 22 i 2 mow han a mibple of 7,
bdi' | PR S ™ Hfon a WJIHPb.Of 7'

2. Using the facts thatl46 = 7 (mod 13} anc{ 17 = 4 (mod 13)Susing modular arithmetic to effi-
ciently find an integer 0 < d < 12 such that rwolb i\olfs of 13-

(a) 63 =d (mod 13). Note that 63 = 46 + 17. 13, 26 3, 52

63T H = I (md13) = gize)

(b) 29 =d (mod 13). Note that 29 = 46 — 17.

29:7-9=2  (nod 12) 29= 2(z)+ 2

(¢) 782 =d (mod 13). Note that 782 = 46 x 17.

782274 = 29= 2(~d 12) 782 = 13(b0) + 2

= 7% + 2
(d) 143 =d (mod 13). Note that 143 = (2 x 46) + (3 x 17).
\¥2 ;(2"7)"'(3""'):““]2—'% = 0 Cma/ }3)
S N3 = O (red I3) 143 = 1413
3. Find the units digit of 72922, Then do the same for 372922, seainod 10!
Find a fo‘Hern'- _+o: 1 20224505 +2
7 =3 2022 450512 /_q\% _
Q-7 :62 = W< Q (med Io) 77 —<Z‘> 27
o 4723 Gt 19 P23 (od 12) =1 -7 ()
Ppea(ed ®) ) T2 1 (med 10) =11
?‘101 = q (A-.J ‘03
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£:Sx8 > S

4. Recall that a binary operation on a set S is a function from S x S to S. Determine whether
each of the functions below is a binary operation, and if so, identify set set S.

(a) The logical or operation, as in r V s, where r and s are logical true/false values.
Sz {rrw, Falsel V: Sx§— S \/ )
SxS = [0, (F)(En), )3 €5 -

(b) The logical and operation, as in r A’s, where r and s are logical true/false values.

r s r-mj
aqain, S= $*rue, Ll \
T T T geiny 57 ihree, fled A S35 Mes,
1‘; 'IF' 1’_: (¢) The logical implication operation, as in  — s, where r and s are logical true/false values.
FF 7T YGS / alse a bia ay gptn" on.

(d) The numerical less than operation, as in r < s, where r and s are real numbers.

< . \RX ‘K -~ §+M’., F’l“_ﬁ NOT a b:tw)/ nf@w}?\/‘
5. Let - be the usual multiplication operation for real numbers in some set S.

(a) If S =R, is - a binary operation?

\/CS/ Siace the m}u&e‘p T el nJMLUS

a real wumbe.
(b) If S =R™ , is - a binary operation?

Yc_s

(¢c) If S =1Z, is - a binary operation?

Yes

(d) If S =Z" (negative integers), is - a binary operation?

No/ Coca Yhe PM..J' o ho Mja#w. .Hescrs is Pos.‘ﬁ«e.

—CLASS ENDED HERE —

6. Let + be the usual addition operation on real numbers.

(a) If A={z |z >0}, is A closed under +?

(b) If A = 2Z, the set of even integers, is A closed under +7
(¢c) f A={n€Z|nisodd}, is A closed under +7

(d) If A=Q,is A closed under +7?

(e) If A=R — Q, is A closed under +7
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7. Let S = {¢ +rv2 | ¢,r € Q} with the usual addition and multiplication of real numbers.
Complete the following to establish that S is a commutative ring.

(a) Show that + and - are commutative.

(b) Show that + and - are associative.

(c¢) Show that + distributes over -.

(d) Show that S contains an additive identity and a multiplicative identity.

(e) Show that each element of S has an additive inverse.



8. Let S be the set of all 2 x 2 matrices of real numbers. Let 4+ be the usual matrix addition from
linear algebra, and define a new “componentwise” multiplication * as follows:

IR P A

(a) Are 4+ and x commutative?

(b) Are + and * associative?

(¢c) Do + and « satisfy the distributive property?

(d) Is there an additive identity and a multiplicative identity?

(e) Are there additive inverses?

(f) Is S with + and x a commutative ring?

9. BONUS: Find the units digit of 424017,



