Math 4400 Midterm 1

June 15, 2017

Name: S(\l(/(l'?dn )

Question | Points | Score

1 15
2 15
3 15
4 15
5 20
6 20
7 0

Total: 100
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1. (15 points) Find the continued fraction expansion of —

8\: 930+ 2 i
20= [-21 < q




2. (15 points) Find a natural number z with 0 < z < 175, such that 6%*> = 2 mod 175

N5=5"7, e
Q175) - (15 -( ,-;;)((- L)

275 55 =5 U6=O
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3. (15 points) Given the following equations, and the fact that 438/3 = 146, find all incongruent solutions
to the equation 303z = 3 mod 438.

438 =1-303 + 135
303=2-135+33
135=4-33+3
33=11-3

35 -4.33=3
= 35 (33 2105)= 2
- 4135 -4 303 =3
= (u5f - 3e3) 303 ==
> u3T— 3303 =7

——
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wed U3 D

(M e D deluktort pmee 7J(Q§K,BO3>:3>-

Page 4



4. (15 points) Suppose a,b,¢c,m &€ Z, m # 0, and ged(c,m) = 1. Suppose also that ac = be mod m. Show
that a = b mod m.

Stce awlfclm) 9(/ AacF: Ccx=| pad M

—TL\M\ ac —:—loc M A
= acx =bcx yd m

= asd1= el md M
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(20 points) Suppose ged(a,m) = 1 and ged(a,n) = 1. Show that ged{a, mn) = 1.

LGS' eV suds Bt Mo ad 4w

uppose d>1. TThon  we mst  have
?w\(a,w)cf- Olvise, Ae€W, e>T, ud et

,@\& e\ e|m, Bc&, Sinek e((l) ve  bfow
ela. Than 7@50(@,)@7/@7 a mmﬁac}mﬂ

Swe  dn ad gc&(ol,m)v(, we  lerew
dn. Ths (‘)"w&(qm zd >4, = cont Aadie ben,
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6. (a) (5 points) Let z,n € Z and suppose ged(z,n) = d. Prove thatgd(E E)-—

Let %G‘W/N ) S et NX ad A
The  Afl %, m\w, w» M= a“l(”‘lm/( .
Thus S»«\ ,

{(b) (5 points) Let z,n,d € Z and supp e gc d(m n) = 1. Prove that ged(zd, nd) = d.

Sie Al dlid) we o &‘9 Ay ud).
w Sin , amﬁ(w&,wb\ od 7(ol x&,m&)[/w@ we
lave. aw@[ﬂ./\&\ l X, Dc& (rdnd) IV\‘ = dfel ud) -

A 7&[3’4&9) ad CQ .

(c) (10 points) Let d,n € N with n > 1 and d | n. Show that ¢ (%) = #85, where
S={zeN|1<z<n,ged(z,n) = d}. (Use the back of the page if you run out of space)

L T= X wew) Lewe ) gd(nd) =
Then %(%)f—ﬁﬂ') So WIS LT =8,

- \¥lg~—>7 Ba A— Wi |
QJ_O\_?- 3owed, He lewat™d o wd) vy,

)
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7. (10 points (bonus)) Use the last problem to prove that Z p(d) = n.

?(;@-“)ﬁl C\u—nl ?x, lé%é;%j?ngcd)(m\:cé’}

&3)‘@\& N,
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Scratch Paper (feel free to tear this off)
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