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% 1. (a) Apply the Euclidean algorithm to find the greatest common divisor of

18 and 50. (The work shown must illustrate the Euclidean algorithm, and not some
other method.)

g (b) Where d = (18, 50), calculate a solution in the integers to the equation
182 + 50y = d.
4 (c) Find a solution to the equation [18]X = [d] in the ring Zsp.
(a) 50 = 20%) + 14
= 3 (3) — %

1R = 4+ (#) + 2
4 = 2(1) + O S (18, 50)5@'

(L) 7 = ]8-—*")‘(’1‘)
4 = 3 (13) — 50

) =13 -4L30%) ~50]

= —1l (18) + 4 (50)

X = ___“) j = 4 i5 owne .S‘o[--—'{-ron_

Anether owne s  x = 14, Y= T

()Y {1 CIg) + 4 (50) = 2

X = [_“] = is o 5‘9/@‘1&\‘

X=[I14] is bsc a seltron
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< 2. (a) Calculate 3% modulo 5. (That is, find the integer r with 0 < r < 5 that

is congruent to 3%°6.) Suggestion: Start with 3%.
& (b) Find all the units in Z14.

G (¢) For half of the units in Z 4, find their inverses. (No fancy method is needed
here.)

Jf..
@ 3 =% =1

o e/ 2, -
3oty L3 21 = (B

(1) Lal is o vait when (a, 24) =1
There are erjkx’: vrnits

11, [s1, L7d, Luld
p181 = [-13, LivI=[-71 [4a]=[-5], [23]=1-1].

(e)

2-
[,L:LI SZ:Zb'Ef 713 ‘7'?5}) =12/ /)

2> A

-
(-1 =12 =0, (= =47 =1, (-5) =25 =,

I

(—-DL-: [

Conelosraon ( ’)(_‘ = ’X) vﬁ.rr eac of He

erght vt x ™ Z,,
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o 3. (a) How many different divisors does 300 have in Z7 3—6 (Show
your work.)

I's (b) Is there a smallest natural number n such that some finite field has exactly
size n? k—f__ Support your answer,

5 {c) Is there a largest natural number 7 such that some finite field has exactly size
n? Ne Support your answer.

2 2
(a) 300:2'3‘5_

[©orle 2] [0 o 1] [Cor | o 2]

oﬁ;v;.rw ! 1+ 2 3 5

We caw maoke co HvEOT  in 2 x 3x2x3 = F 6 ways

Liedll of size 2. Viz. ZZ' On e oftesr

hand, Fhere is no Freld o semaller size,
becawvse O # | m o £kl
(C> gP s <o %‘,&M Lov cact Prvw—e @

and there avc MAE{YM;[] /M;-a P nes,
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4. Show that addition in Z,, is well defined, by doing the following. ,
b a
(a) Show that if ¢ = o’ (mod m) and b = & (mod m) then a + g =&+

(mod m).

(b) Show that if in Z,, we have [a] = [@] and [b] = [I'], then [a + b] = [a’ + ¥'].

(a) We have a_,—a_/-_-_-mg ot ,g__,ﬂ’.—_—/rn/t_.

for sOne /M)JL‘ /
@ +4)- (a’v &) = @~a’)+ (6~ £7)

= mg +ma = om (g tA).

56 at+-t = a4 med

b [al=la'l = a =a medm
[6]1=[¢] = 4 = ¢ metf ™
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5. Assume that R with +, -, Og, and 1g is a commutative ring with identity.

\b (a) Prove that additive inverses are unique. That is, show that if both z+y = O
and z + z = Og, then ¥ = 2. (This is the fact need’to justify the definition of —z, so

13

the notation “—2z” cannot be used here.)

10 (b) Assume that a is an element of R that is not Og and is not a zero divisor.
Show that the following cancellation law holds: whenever a-z =a -y, then z = y.

(a) Look af ;+'x+—J.

MO“WMAW?)- 3+fx+;/ =
(3420 = G vy =0+ =
Oﬂmoﬂw}uw) g—i-'x-l-;f-‘:
3+ (%-&j): 3+o0 = 2.

Ca-nc, Iusru’v\: g = ; . See_ P g [2_?_

(b) Givean ax =ay. Usmg rng
oyrwz?w"-\"ts J“""—*j

& (*x-—g) = O
\’\o‘f'o -'j

2 et LiVigor
f\o{"a_ o 4{""'#:0
2

%o o = 3 5¢¢, P /135



