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MATH 230 MIDTERM #3
April 4, 2014

INSTRUCTIONS: This is a closed book, closed notes exam. You are not to
provide or receive help from any outside source during the exam.

e You may NOT use a calculator.

e Show all of your work.

Question | Points | Score
1 20
2 10
3 10
4 20
) 10
6 10
7 10
Total: 90
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1. True or False:
For the following suppose that A, B and C are sets.

- (a) [2 points] Every function is a relation.
= (b) (2 points] Every relation is a function.

(c) [2 points] The Pigeonhole principle can be stated as: “Let A and

B be finite sets and let f : A — B. If |A| > [B|, then f is not
one-to-one.”

v (d) [2 points] The function f = {(1,1),(2,1),(3,4)} is a function
£:{1,2,3,4} — {1,4}.

o= 412,75 2417055

1 (e) [2 points] f(z) =7z — 12 is a bijection from (0,1) to (—12, —5).

(f) [2 points] If f: A — B is one-to-one and g : B — (' is one-to-one,
T then g o f is one-to-one.

B (8) [2 points] Let f: A — B. If f is one-to-one, then St is a function
and f~1: B — A.

Coneban W b ek s b e A

r (h) {2 points] If f: A - Bis a bijection, then fo f=1 = id,.
gﬂ) %m\ = ;of n
—— (1) [2 points] If f = idy, ¢ = idg such that A C B and A # B, then
l f o g is undefined.

_. (i) [2 points] If there are 13 people in a room, then at least two of them
T were born on the same month (not necessarily on the same year).
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2. For each of the following statements, write the first sentences of a proof
by contradiction:

(a) [2 points] If a square of a rational number is an integer, then the
rational number must also be an integer.

.fgwr jg}\e fm,l% @? Mua(’&y&% MW € Q @M{{) \"262
e

(b) [2 points] Distinct circles intersect in at most two points.

(’3? o 1”«& 4@;& ﬁfqi cﬁ"””“tf“fuﬁ“ /}«{ﬁw i w“cf&; JWM
(A e %’ i“"’"" 9\ fym .

(¢) [2 points] If the sum of two primes is prime, then one of the primes
must be 2.

‘/7'?&( | H\« fedie ‘ﬁ; ijﬁﬂhﬂﬂ /;47/}‘7//64”5 P ) j, @MI{ /Jiu_?

(d) [2 points] There are infinitely many primes.

T He sde f,o} WM«% g P e

4

W YY‘«*M‘Z] e

(e) [2 points] Consecutive integers cannot both be even.

tous awwvfﬁ &Wﬂ Gpt. LN
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3. Prove the following statements:

(a) [5 points] If the sum of two primes is prime, then one of the primes
must be two.

M/ f*j (re. J/’M«é’
MW% Lza ¢} MJ@@« %7(7%% pi2 ord 9772
W f:}z - %2 6@/}/\(}) [,4 o j“W”"{’ '[U?@m
j) o 7 7y d (,%u L -Huj Cne WU Lo
frg is oven. wffﬁwwﬂﬂ ad prgis prme,
pri=2. W f,923 s° j”“?:)é’ — > LT
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(b} [5 points] Let A and B be sets such that AN B = . Then
(AxBYN(B x A) =

Y oans=g. | .
Lj& ot (AEB YA (AxaA) ¢
o ot 4 (,Gt,-b}e@xg%f\)[f);‘,{%)'
. Hm o tH and hebh
S vrte

L@/Ej)e/ﬁrx‘fs vl aeR wd bed
Simeg  {ab) €
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Thetre (pr6 )0 (BxA) =
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4. Let f:Z — Z be defined by f(z) = |z| and
let g : N — N be defined by g(z) = |x/.

(2) [5 points] Prove or disprove: f is one-to-one.

g}vvde _;(g): %(“‘2) ; m{}w\ ?],S mﬂ} =

(b) [5 points] Prove or disprove: f is onto.

Sones Q@bﬂﬁ'\ o e X, ?;3 "fﬁ onls
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(c) [5 points] Prove or disprove: ¢ is one-to-one.
e g7 Ly
Them  Jal= 14\

Mo x €N then NZ
Sineg 3€W fhen !j\:(jw

Thrfet x>
TLQ,,{T@?{ g is ot jf‘fé?'ﬂé-

X

(d) [5 points] Prove or disprove: g is onto.
L‘{?}_’ j & n,
Lot X214
“hyn S intp  Xe WM

}
S e 4 i Ma’"ﬁi iiiﬁ’w@_,
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5. (a) [5 points] Prove that if n > 10¥is a positive integer, then two of its
digits must be the same.

ey N> 107 a hes ot lad 1 W

(b) [5 points] The squares of an 8 x 8 chess board are colored black or
white (not necessarily the same way a usual chess board is colored).
We call a group of squares an L-region if it consists of a corner square,
the two squares above it and the two squares to its right (so it has the
shape of an L with equal width and height). Prove that no matter
how we color the chess board, there must be two L-regions that are
colored identically.

in xk sp@%{)

Lﬁw‘«m Hoo e 36 perih LT
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6. [10 points] Let A = {1,2,3,4,5} with f : A — A4, ¢ : A — A, and
h:A— A We are given the following:

o f““{(172)1(2:3)7(311)9(473)?( v )}1
° h=1{(1,3),(2,3),(3,2),(4,5),(5,3)}, and

e h=fog.
Find all possible functions ¢ that satisfy these conditions.
| Dpoo
b=t h(y=3 so lgin)=3

o clyed e g0)e
Wiz)=3 <o %(2)-“-:& e j(?é)::i(
W3)=3 5o ij[?{))::l o 9(3= 8,

Wialzs s ThM)=s e g (4)=
Cj(g);z @Mj[ﬁ)w%

(5] s
There Ot HM/N? f»ﬁ'm/{’a ﬂ
) @ 0 (), 5,0, 14,9, [5,2))
j M 5), (5,4)]

) 2 1), (1,5 (3, 2
333( ’/ )> ){ 5) (5 L()j

{ )M/)égzi

?w} (m» (5,0, 11/5)7 5]
2 00 (2,4), B3O, U5, U)’ )
,: / }

4= 10,4 L, (), (41, (5,0
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7. [10 points] Let A, B and C be sets. Prove that if f:A— Band
g : B — (' are bijections, then go f is a bijection.

e o - freve g i s ol g od  ore o —ore .
| ot's prov. }-j frovny Ud Lo b |

%;{j j.;“}t-gfd‘”;? C,,/_ <o M Cé’(ﬂ{ (JNC
‘ @“@ H“/ﬂ apiks he R such U»sz Al=C.

}W 1 ; I oLeh %}\Dﬁew welh s {(a):..g‘
/‘W wC P S chv@- and  HED,
] a ia\Pcfb)LC SO
T)“@/‘W%@%m g Lild) = 9
| ﬁ‘C (a)= C .
%\' ;S f”"h‘.’



