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METU MATH 111, Final Exam
Monday, January 10, 2011, at 16:30 (120 minutes)

Instructors: Berkman, Kiigliksakalli, Pamuk,:Pierce
Instructions: There are 8 numbered problems on 4 pages.
It shouid be obvious to the grader how to read your sclutions.
Please work carefully.
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Problem 1. True or false? (Put 7" or F in the brackets. Do not justify your answers.
Blank answers get 0; wrong answers get negative points.)

(a) Riscountable. ... . )
(b) The set of polynomials in the variable z with integer coefficients is countable. . {T)
(¢) If A and B are uncountable sets, then A\ B is countable...................., {F
(d) A relation R is symmetric if and only if R = R (that is, R=R") ............ (M
(e) Forall sets A and B, Z(A)NP(BY=P{ANB) ...........coiiiiiaiinai... )

(f) For all sets A and B, Z(A)UP(B)=P(AUB) ...l (
(g) ~(3z € A) P(z) is logically equivalent to (Vz € A} =P(z}......ooooiiii i, o)
() ((Vz € A) P(z)} A ((Vz € B) P(z}) is equivalent to (Vz € (AU B)) P(z)...... {
(i) If Ais a totally (or linearly) ordered set and z is a maximal element of A,

then z is the maximum element of A ... ... . ... .. ... ... . ... .y

Problem 2. The triangle inequality in R is given by Vz Vy (Jz + y| < |z| + ly}). Using
this, prove that
oo + a1+ -+ + an| < lao} + |a] + - A+ [an]

for all nonempty finite sets {ag, a1, ...,a,} of real numbers.
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Problem 3. Suppose R is a partial ordering of 4, and S is a partial orderm% of B. Le
. /
T = {((a,b),{d,}")) € (A % B) x (Ax B): a Ra and b S ¥}.

(a) Show that T is a partial ordering of A x B.

' { gk
T ic eflexvet Simca R owdl S ore wafwllOl occirs @ o ( e
bgb "(C\)( le \W‘ QiB (ZS?QCJ;\\/Q,B . T(MAS C‘?e(ﬁ))T Qi .
T e ondisummelic t TE (ab) T adl @H6)Tlk)
Mﬂv—. ; . £ i< o 1{|‘S “A
Luws a=a' v < own (ﬂ
OJzC’i/ Ouxok O/Qo. T N » .
éwl lﬂ b=b' . #T(/we;pom_ T s @m+\sﬂ WVIRIRS
- i Q/( it

T dewsidive ! Tf (k) Tl HL) od DTG L") | fem

aRo’ cwoh o Ra? Tlues aPBal cince B s ‘fmm‘;htlj/&- .
g\ IWlLﬂ Lﬁ)glgﬁ TLW:Q_.'O(Q_. (O{‘{o>.mr(9/{;l<3’() MI T (S 4‘(“&\»&‘: (Ve
AR 1

. 3 ?
(b) If both R and S are total (or linear) orderings, will T also be a total ordering
Justify your answer.
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Problem 4. Suppose b ¢ N, and A4 is a nonempty subset of N such that, for every
element z of A, we have z < b. Prove that 4 has a maximum element with respect to <.
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Problem 5. Define the relation E on R by zEy < z—y€Z.

(a) Show that E is an equivalence relation.
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(d) Is R/E countable? (Explain briefly.)
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Problem 6. Let S be the relation {(z,y) € R x R: % + y* = 1} on R. Answer each of

the following questions by giving either a proof or a counterexample.
(a) Is the logical sentence Vz 3y (z S y) true in R?

No. TH x=2  Hew Hwe is wo 3€I& S

x?"{nﬂlr“— ] .

(b) Is S a function from [—1,1] to R?
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Problem 7. Explain briefly whether there are there propositional formulas F' and G
such that: :
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(P& Py VF ~F VP, (PAVP)VG ~ B &Ry
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Problem 8. Do the the following equations (where a and b range over Z*) define func-
tions f and g from Q7 to Q7 Justify your answers.
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