NAME;: \{JM

MATH 230 MIDTERM #2
March 3, 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 20
3 10
4 20
5 15
6 15
7 10
Total: 110
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1. True or False (Just answer true or false, you don’t need to explain your

ANSWEr ):
(a) [2 points] Let R be an equivalence relation on the set A. Let a € A,
then a € [a].

| RUE

(b) [2 points] Let R be an equivalence relation on A. Ifa € A and b € A4,
then the intersection of [a] and [b] is empty.

Farse | i f aRb fhen [a]=Lk]
(c) [2 points] Let R be a symmetric relation. Then R = R,
TRue
(d) [2 points| If a relation is symmetric then it is not antisymmetric.
o + LQ c oy i ; j
FALSE (" is5- egul-to elilion | s batf
(e} [2 points] There is a relation that is reflexive and irreflexive.

TRuE  (He oy relfin o He smpysed )

(f) [2 points] If a relation is reflexive and symmetric it must also be
transitive.

FALSE
(g) [2 points] A relation R on a set A is antisymmetric if and only if
RNR1C{(a,a):ac A}
TRUE
(h) [2 points] Let R be an equivalence relation on a set A. The equiva-
lence classes of R form a partition of the set A.

TRUF Uyﬂ [@f“‘”ﬁ”‘ﬂ"\}

(i) [2 points] The difference between a proof by strong induction and a
proof by induction is that the base cases are dealt with differently.

‘FfﬁrLS £ (‘H\a M/{fzrﬁﬂa 1S N %L\é L?ju/ﬂa(a)

(j) [2 points] The is-less-than-or-equal-to relation is an equivalence re-

lation. FALSE ( M* WJ
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2. Prove that the following are true:

(a) [Dpoints] 1 +3+324+... +37 = 5—121:—&, for all positive integers .

For n=13: i+?);L( ol 3 - v ose é'{‘i brer

>y ot

[

M1M H—E%w*&“: 23_.,{:-’ 5 +

LE2] Hr
: TSP T La o T I T
R T N A AT N B A Sl S QR
2. Z Z
- giuvz_%

a2

N
Siree w3 e 33 Ty Aed s e by

(b) [5 points] 1+5+9+...4+(4n—3) = 2n? —n, for all positive integers

n.
;ii ‘
1= Zl(}?") -1 =1 ‘/

Mf% 45 T+ . . F (i{/{*&)‘: D\k?mﬂ}(t , 7,

Srte o k-3 alykeg = 2lin) k)
Prove 1457 ¥ ) = 2 () ekon )~k
= ahT Ak |

For »

(1h5505 - ¥ -3 (4r) < 20k r dhoo
‘ | = 2kEF3H |
So %}Lva LHS W o PHS

The  provf i complehe.
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(¢) [5 points] n* > 2n + 1, for all integers n > 3.

For n=3 , the LHS is 7 and e gHs 55 3

99F v
g e

_ frok23 kTS 2kl

Ity ot (Geo) > 2 (Kp) L= 2087
(o ' Kzkrt > Qi) Qe k2

o wed  HEFZ o 2krd o w@ need 2l
et k70 siree k23

Thortpe (fr)?> 23 ad Lo Wwif%
(d) [5 points] 2" > n?, for all integers n > 5.

Base Lo P32y 25= 5%,

Mma 9% }fcz/ﬁr gt kK25,

K y 2 7 ?‘
le: 2."11\ > ki kK 2

o went To prove P )= bCF G
oo b g deun to sy s
k"?_ +k?; > }{2“*’"[7,}( i ) cq %o
M’f”f} Hu:f’ '}{?“? A /’tw }f-?g_
T o (¢} we Ionger Ty LIF fo k23,
| .
oreto Py 2k Wkﬂv
JCW - ZML 1)1
2 A .
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3. For each of the following relations defined on the set {1,2,3, 4} determine

whether they are reflexive, irreflexive, symmetric, antisymmetric and/or
transitive.

(a) [5 points]

R =1(1,1),(2,2),(3,3),(1,4),(4,4),(1,3), (4,3)}.

ot kgl T

(b) [5 points]

R={(1,1),(2,2),(3,3),(1,2),(2,1),(4,4), (1,4), (4, 1)}.
& e
Nk Aok beowre (1) €0 4 (12068
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4. For each equivalence relation below, find the requested equivalence classes.
(a) [5 points] R = {(z,y): 2,y € Z and |z| = |y|}. Find [-3] and [0].

[_._3]:; i-»Sj;Sz
Lol=fof

(b) [5 points] R is has-the-same-size-as relation on 2{52345}, Find [{1, 2, 3}].

1,7 }%L) 4 5} {'rij { 67 {/Lf/‘gj/ J
i {2) yf {’2355 32,4 55 73,4,5f f
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(¢c) [b points] R is the relation

R={(1,1),(2,2),(3,3),(1,2),(2,1),(4,4), (1,4), (4,1),(2,4),(4,2)}
on the set {1,2,3,4}. Find [1] and [2].

DI‘: {]/ 2/”3
Jl=117 qj

(d) [5 points] R is the relation on the set of points on the plane where the
point (a, b) is related to the point (c,d) if and only if a®+b* = ¢ +d*
(for all a, b, ¢, d real numbers). What figure in the plane does [(0, 1)]
represent? |

Th wid ok,
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5. [15 points] Let R be the relation on the set of points on the plane where
the point (a, b) is related to the point (¢, d) if and only if a2 + 52 = ¢2 + 2
(for all a,b, ¢, d real numbers). Prove that R is an equivalence relation on

the set of points on the plane. y ;
Te % e ruet frove i is W«)Wﬂ{ QM{\mevévf
il

( G Q a/é) N az_{/};:: a b
s [ /)‘\’,MMM'( .
W"‘*c Mfm () (c,d)

. 2 ) 27

Se (:z’,f_cg *:,,,QL_@“I?
50 (@ d) 2 le,b)
Trarsdire: b (a5) Rle,d) ad (e, d) ALt

Yher a%*’awgz %chgwﬁ‘“#

Z

T/W%w Y=
So (io/w i (6/ F)

S5 @\)gcfmw%
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6. Number of relations

(a) [5 points] Let A = {1}. How many different relations on A are there?
& ( @ CD?‘J {(l,?)j)

(b) [5 points] Let A = {1,2}. How many different relations on A are

there?
L‘ o T loe et Y W«M '@&M
D=1k (0, (., 60

cnd tach one cauld he i
& rtfilign or not

(c) [5 points] Let A = {1,2,3...,n}. How many different relations on
A are there?

T
™

al L s
i o 2l
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7. A special type of door lock has a panel with five buttons labeled with the
digits 1 through 5. This lock is opened by a sequence of three actions.
Each action consists of either pressing one of the buttons or pressing a pair
of them simultaneously. For example, 12-4-3 is a possible combination.
The combination 12-4-3 is the same as 21-4-3 because both the 12 and
the 21 simply mean to press buttons 1 and 2 simultaneously.

(a) [5 points] How many combinations are possible? { wéé
‘ 5 : 65&: M
A N 55 pessibibles (% . {éz) W L
Wuuw

(b) [5 points] How many combinations are possible if no digit is repeated
in the combination?

3 ¢ 1) cwﬁiio@‘
Mw&M\ﬁ %Wf:i{r@m &;jg

dedrdgh ;Eﬂf@s}z 35 3 tdigh oo
) / comititi
D35 (20 = 90 vt mabliyly by 3 ,Miujj ;{ﬁ;& J

2)3(8) (3} (7} = 150 way (nallily by ¢ o solet hy 2-diideomt
3) [5[0)z 60 wep.

ng/&j :ﬁ;% /Mwézég /S OOfl?Of*éJC":/jjO



