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Math 4351 Exam #1

(1) [4 pts] Show or disprove, for p prime: if p | b and p | b2 + c2, then p | c.

(2) [6 pts] Find the inverse of 17 (mod 53). [Hint: there is a method to do this.

Trial and error will not receive full credit.]

SOLUTIONS

%!!! }⇒÷!! }⇒Hi¥? Pl .

Use the Euclidean Algorithm
:

5317211/01/1%2 =) 25.17-8-53=1ol-325€
⇒ 25.17 E I

( 53 )

=) 25 is the inverse .



MATH 4351 EXAM #1 3

(3) [6 pts] Compute 5113 (mod 23), stating any results you use.

(4) [8 pts] Use the Chinese Remainder Theorem to find all solutions of the congru-

ence x2 + 15x+ 29 ⌘
(35)

0.

Little Format : ( 9,231=1 ⇒ a

"

Ez ,

1
.

So 57¥ ,

I ⇒ 52%7%1 ⇒ s
' "

= 25.51%25
= 10

.

mod 5 : X
'

- AE ,

O ⇒ x

I
1,4

(5)

mod 7 : x' txt I = O =3 x I2,4
(7) C 71

under 74352 7452 × 7472
,

4 - ( 4
,

4 I

↳ the 4 solutions ( mod 35 )
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(5) (a) [3 pts] What is a group?

Identify each of the following groups as a (specific) cyclic group or product of (spe-

cific) cyclic groups of the form (Z/nZ,+). Does a primitive root (i.e. generator) exist?

If not, why not? If so, write one down and say how many there are.

(b) [5 pts] G = (Z/27Z)⇤ (under multiplication)

(c) [5 pts] G = (Z/35Z)⇤ (under multiplication)

a Set with associative binary

Operation and
"

identity element
"

I such that

1. x
= x -

- x. I Ctx ) and Atx ) Fy set .

Xy
-

- yxe I
.

⇐ ④pgz ,

t ) ,

since Cdlphz )
#

l p
-

-

odd prime)

is cyclic of order ofCph ) =p
" -  '

Cp - D

[in this use
,

y( 33 ) =3 ? 2=18 )

Yes
,

a primitive
neon is 2

.

Then are 0/(181--412) . of (5) = I . (3-2)=6 primitive
foots

.

IE ( 21525
"

x ⇐Izzy
"

I 2/92×2162 ( under it )

The largest order of an element  in this gap

is the 1cm ( 4
, 6) = 12

,
not 24 f- the group

order ) .

Therefore ,
it is not cyclic ,

and there is me

primitive root .
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(6) [6 pts] State the Miller-Rabin test and explain why it works.

(7) [7 pts] Use quadratic reciprocity to compute the Legendre symbol
�
41
97

�
. Then

state your result in terms of solvability or unsolvability of a congruence.

Given m > 2 odd with m - I = Iq
, q

odd
.

If for some a coprime to m
,

a' In,

I and a 9¥,

- I
, i-o.li . . .

,
h - i

,

then m is composite .

-

This warns because were m prime ,
we would tune

a
" "

E , I,
hence either al I ,I

( i= 0,1 ,
. . .

,
h - i )

or one of them En ,

-

I( since at son - point ya tune

a square root of I and ± 1 are the only possibilities )
.

QRL

I ⇒ =L :* 1=9 = f- El .
T

41 I I
(4)

÷.t¥H¥I=H . ever .

- i .

So the Congruence XZE 41 has no solution .

( 97 )


