
 

Homework 4 Solutions

22.152 f x guy where f x X 3 2 21 5

and glx 3 X t 2x in 2

Solution f 2 0 so 2 I 3 2 2 5

factoring out gives us f Hk Lx 2 x't 4 1

By trying out all candidates we see

2 4 1 1 has no zeros in 74

glo O so we factor gtx x 3 2

and then we see that U B a zero

of 3 2

So then the zeros of flag X ane

precisely 0 2,4

22.162 let Qa 251 3 Is Use Fermat's

theorem to evaluate

03 X t 3
1 2 53 1

Solution
Fermat's theorem says a Il mod 5

for a 0 mods



03 I t 3x 2 5 t l

323 3.3 Z 353 1

34 571 3 3
29 2

z 3
13 t

I 33 32 2.3 t 1 mod 5

2 t 4 6 l mods

mod 5

2212 Use Fermat's theorem to find all
zeros in 75 of 2 2191 3 7

t 2 57 3 44

Solution Oa Zx
t 3 74 2 57 3 44

Zant t 3 a t Za's 3am byFements
y thermo

Za t 3 a t 2 at 3 mod 5

att 2 at 3

which has zeros at

a l a 2 a 3 andweseefom
the original polynomial that

a O is a root



23.1 X X TX tx 5

t 2x 36 3 5 tox 0 3 4 2 3xt2
1 6 2 5 3 4 I

µIIt
O X t 3 3

X t 2 3 3 2

2,1 3kV
t 2

2 3 1

xF0xt2

5 70 2

15 710 151
O 10 17

So qlxj xutxst.ITt5TfrCxj 3xt3



23.1

5 4 to Z

r

3 2 t 2 3 673 5 to X t Ox t 4 2 3 2

I d

f 3
3 2 2 3 1 u

2

qlX 5x4t5x2
rcx1 Xt2

23.2 2,4 1,2 163

2 2
22 4
24 16
28 1
so order of 2 in the group of

units
is 8 need element of order 16 to



be a generator of the cyclic group
Then since 62 2 it follows that
the order of 6 is 16 Then 6 is

a generator and all the other generators
are powers 6 where a 13 coprime
to 16 meaning a B odd

So the generators are

15 IO

t3Z3.9The polynomial x'th can be

factored into linear factors in 251 3

Find this factorization

Eon
t 4 X I X l x't D

x 1 Xxl 1 2 4

x 1 Xt 1 Lx 2 Xt 2



23.16 1 Demonstrate that

Xs 3 2 8 is irreducible over Q

Xx
The only possible roots

in a ane

Il 2,4 8 by the rational roots theorem

we can check that none of these 8 are

roots of XD t 3 2 8

Since t 3 2 8 is degree 3 it is

irreducible over alx3 because it has
no roots

23.11 XZ 12 is Eisenstein for p 3

23.192 8 3 6 2 9 24 is Eisenstein

for p 3

2 3.35 If F is a field and a 1 0 is a zero

of f x do ta Xt tank in Flex show

that Ya is a tern of Ant an Xt ta X



Solution
An tan i ta t t a r t Ao at

at Ana t an an t ta a t Ao

at flat
O

23.37

Pinot
a TI o

Caitbit xi

Eo Tm ai t bi Xi Tm ai Xit.IOTmIbi x

Fm If a xi Fm E biXi

Fm Eton as bi xi

Eto Tm Gaia bi x



FEI Tm last rmlb.clXi

L rmlaitxiJ.E.fm lb x

Fm Eo a Xi Fm Eb X

b We prove the
contrapositive if

f x g x
h X is reducible over Cx

Then Fm fix Fm gas Fm HLN

means that either Fm ft x is reducible

or one of FmLg K or Fm hk

are constant meaning FmLfcxD must
have degree less than n

C TI x 3 17 36 X't 2x t 1

3 2 1 has no roots in 25 by
direct evaluation so since it is

degree 3 this means it does

not factor 1h Is 43 Then by b



we have that at 17 36 is ineduab

in Qld


