MATH 2100 / 2105 / 2350 — EXAM 2

Wednesday, April 10

Name: e/q
J

Instructions: Please write your work neatly and clearly. You must explain all reasoning. It is not sufficient to just
write the correct answer. You have 75 minutes to complete this exam. You may not use calculators, notes, or any
other external resources.
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The Marquette University honor code obliges students:

¢ To fully observe the rules governing exams and assignments regarding resource material, electronic aids,
copying, collaborating with others, or engaging in any other behavior that subverts the purpose of the exam or
assignment and the directions of the instructor.

e To turn in work done specifically for the paper or assignment, and not to borrow work either from other
students, or from assignments for other courses.

¢ To complete individual assignments individually, and neither to accept nor give unauthorized help.

* To report any observed breaches of this honor code and academic honesty.

If you understand and agree to abide by this honor code, sign here:




1. Determine if the following statement is true. If it is, prove it. If not, give a counterexample.

For any two sets A and B, P(A) UP(B) = P(AUB).

false.

Couwl\‘ere,xawfk :
A.: ilg , B’; {L$ .
Thew, LHS= Pag)v Ples)= £4,(13 v TASY
= §6,03,1253

Rrs= Pl30623) = P22t
‘:f ¢ €13, €23, {a,z}%

Simce $1,25 is in the BHS bu- st He LHS,
the fwe sels are mo‘l‘e;uq.(.



2. Prove that for all positive integers n,
L n(3n—1)
—2) = .
y (i) ="

i=1

?]bo‘(" bcj w\olu('JﬂOV\ -
Vefme  P(n)=" Z (3¢-1) = “ (?:")."
1=

"

Base case’ 08 h ’%‘/(3;-7_) = ’-Qz:-D

The LHS is 3:)-2=I The RHS s LT =(
T 0"«'"Tov\ §w(el> » ) ' .
o “ [ -)( 2>~ ( _
Agf(oﬂue P(k-v(>= {(si__z_) = = (S "[Vlle_
c=(

b (.
We want to quove P(k) = ;:Z((St—Z) = k(B; Y e

NOU HQ Ll'lg 5@ ?(k§ ;S bu woletron hy’o#ne\s?;

. 7 (k-0 (3k-Y) L
£ (3:-7) = ig‘(zz-z{,{%k—z)- " - (3k-2)

L At 5 | e N 3Tk _ | (S0
= [

2z ra
which 7s Yhe RHS & TUk. So( Yhe woluchion s’#elp
hoUS, =




3. Suppose that every college basketball team plays 32 games in a season. (In reality, it’s usually fewer.)
Assuming that no games end in a tie, prove that there are at least three of the 68 teams in the March Madness
tournament that have the exact same win-loss record.
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Smee Heve are 3L gawes, fhere are zzg Fos;:Lle
recods  (0-32, 1-31, 2-30, -, 31-1,32-0).

Le‘H'Mj He 33 reasds }_,2 He ?;ﬂecMLo be ol ‘th

8 tams be the Pigecs, Yie %mmlcz_eo( PHP says
that there are oF last 3 damws Hat  share He
same reaol- B



4. Determine if the following statement is true. If it is, prove it. If not, give a counterexample.

Ifaisa ratlonal number, then a - /2 is 1rrat10nal

5‘7 L by e rapls dion: flwulo( MUC said “nonzers" | OHerwise
oo Dy Con (d

AGSQme a€ @ owo( assume "'owac»A a Cowlmd’k"}om Hm‘/‘
a'ﬁG@- Smee a€ 0O we can wwite a“%'

(a‘so ~ 0
wl\ere mn & Z ovel A #O. Smce aJzZ C-@? we caun

wv\«*e AJZ- ' wl«ewe »QLéZ wJ—L k #0-

Thés .mpl:es He't Y

/ —
ﬁ;ar M/ngmk

nd ak € A mk #0 ok
mt € O berese aLe T, k62, Mmao aud k#0-

Thus J2¢€ @, Which s a e chon  becuse we
?fwea( in closs thdt 7 &8 @ Ts, a-2&E . B



5. Determine if the following statement is true. If it is, prove it. If not, give a counterexample.

If b divides a and ¢ divides a, then bc divides a.

Fabe. (et a=b=c=5
Then, #5 e thel b dwides @ adl ¢ dwides @ ,

bt be=25 ad 45 uct twe Hat 25 duides S -



6. Determine if the following statement is true. If it is, prove it. If not, give a counterexample.

If N is not a multiple of 3, then N2 — 1 is a multiple of 3.

Proof - Suppoe N is nob o wnalhiple of 3. Theu, there
owve wo cases.

Gane | : N=3kt( fo some ke Z.

NE-( = BEO%I =G+ 6k
T~ His case _ ;(gkt_pz,k)_

nusl m Fhis cage V-1 is a muI\la‘P/e NE

lase 2- N=26¢2 P some ke 7.

Tn this case N™-(=(Gked)—1=Ge + (2%+3
=3(3k +4e+l) .
o, M His cuse aéo, N*— & a mulhiple ot 3.

These two gz evormpass all ?G;:'L"hll‘?s‘- B



7. Prove that if p? + ¢? # 0 then either p # 0 or g # 0.
Preot _LJ_MM ?osi"-lV? :
The cw{-mros:{vw of s Shalewent 15’
¢ p=0 awd 90, then r"+¢" =0.
This is euidently ¢lear becuvse
Ot +0% = 0+0 =0 @




8. Draw both the two-sided and one-sided arrow diagrams for the functionr : P({1,2,3}) — P({1,2,3}) defined
by r(S) = SU{2}.

Two “$i0(€A One 5 "0(€0'{




9. Prove that 9" + 3 is divisible by 4 for all natural numbers 7.

Croot by noluchon
Lot P(V\)fkquga i clwisible bj q

Ba% Caset P(‘) = ‘\qid—B is dawsib’e Ly l/ f
Siwee G+3 =12 =¢-3 e base @se holds.

Tudhon Shep’
We assume PUA)="4"43 i du. by ¥ ishne.
We wont % prove Plk)= Q"J—3 s dev. bv .‘; drue.
BU aSSuMplwv\, qk +3=4L Lo some Leg.

Thus U*" +3)= 9/‘/&), and so
9 + 27= 36L, hence
9k, 3= 36L-24=U(9-6).
Since L-6 ¢ 7, Hus  shows 9‘1—3 is
dwisible lay Y
This COMPHe; He  moluckon s‘*ef’- 14




10. Give an element-wise proof that

{14k +4: ke N} C {70 —-3: ¢ € N}N{2m:m € N}.

sk
Let xeill{kﬂf%lzc—Nf, Then  x= MK+Y o some KeN.

e wak b shw Hit xe §74-3:fe N AMD
xe §2m>meNT.

Firsk nofe Heot Mic+Y = 7(1'("‘ )-3"5““2 KR,
AL+ €N as well (acke’ smee K29, 2+ 20). Thus
x ¢ {74-3%: el .

Nexk, MK+Y = Q (7Kt 2), and M+2e Al Thu,

'3 §2m=meNz.
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