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PHILOSOPHY 511:
SYMBOLIC LOGIC

Please indicate on the answer sheet whether the

following four statements are true or false

1. Assuming that the identity sign is present, the empty language has infinitely many
formulas. _ ' .

2. The identity symbol is a nonlogical symbol.

3. When formulas are written in official notation, every formula begins with a left
parenthesis.

4. 1n (VRO & 0(z)) & P(x, y)y, a formula written in official notation, the first
occurrence of “x’ is bound and the second occurrence is free.
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QUIZ #2

Please indicate on the answer sheet whether the
following four statements are true or false

1. In every mterpretauon ofa language every element of the domain is the denotation
~ of some closed term.

2. When identity is present, the sentence ‘Ex(x—x) 1s true in every mterpretatlon of a
language.

3. In the standard mterpretatlon Wy of the Ianguage of arithmetic L*, the. sentence
“Tx(x+x=1)" 15 tIue

4. According to BBJ, the right approach to deﬁmng truth in the case of quantlﬁcatlon
is the substltutlonal not the objectual, approach.
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SYMBOLIC LOGIC

QUIZ #3

Please indicate on the answer sheet whether the

following four statements are true or false

1. Inconsistency was defined as a semantic, not a syntactic, notion.

- 2. A sentence was defined to be demonstrable exactly if no interpretation makes it
false. ' :

3. A proof procedure was defined to be sound exactly if every secure sequent is
derivable according to the procedure.

4. A metalanguage for an object language is always different from the object language.
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QUIZ #4

Please respond on the answer sheet to 1 and 2, and indicate on
the answer sheet whether statements 3 and 4 are true or false

‘1. Formulate, ir five words, the Godel corhpleteness theorem. |

2. A refutation of I is a derivation of which sequent?

3. It is possible for é proof procedure to be compléte but not sound.

4. The following is a correct a_pplication of rule (.R6)—left existential quantifier

~ introduction:
=& B>

Ax(x=t & B(x)) =
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QUIZ #5

Please indicate on the answer sheet whether the
following four statements are true or false

1. If some finite subset of a set of sentences is unsatisfiable, then the whole set of
sentences is unsatisfiable.

2. If a set of sentences is unsatisfiable, then some proper subset of this set is also
unsatisfiable.

3. If a set of sentences is satisfiable, then it has a model whose domain is the set of
natural numbers.

4. If a set of sentences has an enumerable model, then it has a finite model.
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QUIZ #6

Please indicate on the answer sheet whether the
following four statements are true or false

1. Every axiomatizable theory is decidable.
2. The set {4, ~4, A—A, A—~A, ~A— A, ~A—~A} is a theory.
3. If there is a sentence not contained in a theory, then the theory is consistent.

4. A sentence is undecidable in a theory exactly if there is no effective procedure for
determining whether or not the sentence is contained in the theory.
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QUIZ #7

Please indicate on the answer sheet whether the
following four statements are true or false

1. In every system of Gddel numbering, every natural number is the G6del number of
some symboi.

2. In George and Velleman’s system of Gddel numbering, given any formula, there is
some symbol such that the Gédel number of the formula is the same as the Godel

number of the symbol.
3. Every representable set is decidable, but not vice versa.

4. The set of Godel numbers of sentences of the language of PA is representable.
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QUIZ #8

Please indicate on the answer sheet whether the
following four statements are true or false

1. It is a consequence of the fixed point lemma that there is a sentence ¢ such that:

PA} 0« (Q0).
2. Every consistent theory is also @-consistent.

3. There is an algorithm that determines, for any given sentence of the language of PA,
whether or not that sentence is true.

4. 1f T is a consistent extension of PA, then the set of Gédel numbers of theorems of T
is not representable.
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QUIZ #9

Please indicate on the answer sheet whether the
following four statements are true or false

1. According to Godel’s Second Incompleteness Theorem, no consistent extension of
PA can prove its own consistency.

2. It is a consequence of Gddel’s Second Incompleteness Theorem that the consistency
of PA can only be proven in a theory stronger than PA.

3. If a theory T is an axiomatizable extension of PA, then PA contains the sentence
‘Cony < Gy, where Cony is the consistency sentence of T and Gy is the Gdodel
sentence of T.

4. A theory which is an extension of PA is consistent exactly if it does not contain the
sentence ‘0=S0".
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Please write to the left of each number either ‘TRUE’ or ‘FALSE’

1. According to George and Velleman, on Hilbert’s view finitary truths obtain in virtue of
correctly describing some independently existing realm of abstract entities.

2. According to George and-Velleman, on Hilbert’s view all existential quantifications are
meaningless.

3. According to George and Velleman, Hilbert’s project aims at assigning intuitionistically
intelligible meanings to the statements of infinitary mathematics.

4, According to George and Velleman, if we can give a finitary proof that an axiomatic theory
is consistent, then the theory is a conservative extension of finitary mathematics.

OPTIONAL FEEDBACK QUESTIONS

Please evaluate the reading for today:
o very good o good o fair O poor 0 very poor

Comments on the reading:




PHILOSOPHY 511: PETER B. M. VRANAS
SYMBOLIC LOGIC MWF 11-11:50, SPRING 2007
Name:

Please wr.ite to the left of each number either ‘TRUE’ or ‘FALSE’

1. According to George and Velleman, the belief that one can capture within one formal
system all the basic concepts and forms of reasoning of infinitary mathematics is only
peripheral to Hilbert’s project.

2. According to George and Velleman, the point of Hilbert’s project is that, if infinitary
formal mathematics solves a problem, then that solution can be trusted to be correct.

3. According to George and Velleman, for any formal system, the negation of its Gddel
sentence is intuitionistically true but finitarily meaningless.

4. According to George and Velleman, the phenomenon of incompleteness opens the

possibility that a formal system is proved consistent by finitary means even though one can
derive within it a statement that is intuitionistically false.

OPTIONAL FEEDBACK QUESTIONS

Please evaluate the reading for today:
o very good o good 01 fair [ poor O very poor

Comments on the reading:

Please evaluate the last lecture:
O very good o good O fair O poor [0 Very poor

Comments on the lecture;
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QUIZ #12

Name:

Please write to the left of each number either ‘TRUE’ or ‘FALSE’

1. According to George and Velleman, Godel’s Second Incompleteness Theorem guarantees
the unrealizability of Hilbert’s project.

2. According to George and Velleman, Hilbert was not completely explicit regarding the
scope and resources of finitary reasoning.

3. According to George and Velleman, G6del’s work forces one to accept a realist construal
of mathematics.

4. According to George and Velleman, intuitionists would infer from Godel’s theorems that
the concept of being intuitionistially provable transcends that of being provable in PA.

OPTIONAL FEEDBACK QUESTIONS

Please evaluate the reading for today:
0 very good o good i1 fair O poor O very poor

Comments on the reading:

Please evaluate the last lecture:
o very good o good o fair O poor O very poor

Comments on the lecture:
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QUIZ #13

Name:

Please write to the left of each number either ‘TRUE’ or ‘FALSE’

1. According to Franzén, we know that ZFC is consistent because we know that its axioms are
true.

2. According to Franzén, if we have no doubts about the consistency of ZFC, there is nothing
in the Second Incompleteness Theorem to give rise to any such doubts.

3. According to DelLong, there is a deterministic proof of the consistency of elementary
arithmetic,

4. According to DeLong, even if an inconsistency in arithmetic should turn up, it might be
unimportant.

OPTIONAL FEEDBACK QUESTIONS

Please evaluate the reading for today:
o very good o good o fair O poor o very poor

Comments on the reading:

Please evaluate the last lecture:
0 very good o good o fair o poor O very poor

Comments on the lecture:
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Name:

Please write to the left of each number either ‘TRUE’ or ‘FALSE’

1. According to Franzén, Gddel’s proof of the First Incompleteness Theorem shows that the
Gédel sentence of any consistent and sufficiently powerful formal system is true (in the
standard interpretation).

2. According to Franzén, Lucas has argued that, for any consistent formal system S, there is a
true statement that we can prove but .S cannot.

3. According to Franzén, we have no basis for claiming that we (“the humand mind”) can
outprove any given consistent formal system.

4. According to Franzén, the First Incompleteness Theorem rules out that every arithmetical
statement provable in ZFC can also be proved by the human mind.

OPTIONAL FEEDBACK QUESTIONS

Please evaluate the reading for today:
O very good o good O fair O poor O very poor

Comments on the reading:

Please evaluate the last lecture:
o very good o good . fair O poor O very poor

Comments on the lecture:
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QUIZ #15

Name:

Please write to the left of each number either ‘TRUE’ or ‘FALSE’

1. According to Lucas, if the game played between the mentalist and the mechanist is the
game of one-upmanship, the result must be a draw.

2. According to Lucas, for any particular person, no specified machine is equal, in respect of
intellectual powers, to that particular person.

3. According to Lewis, Lucas is really claiming to be able to do something that no machine
could do.

4. According to Lewis, there are no machines that respond to true mechanistic accusations by
producing true Gédel sentences.

OPTIONAL FEEDBACK QUESTIONS

Please evaluate the reading for today:
o very good o good o fair O poor O very poor

Comments on the reading:

Please evaluate the last lecture:
o very good o good o fair O poor {1 very poor

Comments on the lecture:
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Name:

Please write to the left of each number either ‘TRUE’ or ‘FALSE’

1. According to Gaifman, McCall observes that it is unknown whether ®-consistency can be
replaced by consistency in the second part of Gédel’s Theorem.

2. According to Gaifman, if I believe that my mathematical reasoning is immune to
contradiction, and if the formal system T represents faithfully my mathematical reasoning,
then I should believe that T is consistent.

3. According to Gaifinan, in order to believe the consistency of some program on
mathematical grounds, we have to understand how the program works.

4. According to Gaifman, Godel’s result shows that self-reflection canmot encompass the
whole of our reasoning. '

OPTIONAL FEEDBACK QUESTIONS

Please evaluate the reading for today:
o very good o good o fair O poor O very poor

Comments on the reading:

Please evaluate the last lecture:
o very good o good o fair O poor O very poor

Comments on the lecture:
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QUIZ #17

Name:

Please write to the left of each number either ‘TRUE’ or ‘FALSE’

1. According to Franzén, (his proposed reconstruction of) “Penrose’s second argument” is
“correct” (i.¢., valid).

2. According to Franzén, we cannot specify any formal system that exhausts our mathematical
knowledge.

3. According to Franzén, Penrose claims that his conclusion G is incompatible with the
assumption that the human mind is exactly equivalent to some formal system as far as its
ability to prove arithmetical statements is concerned.

4. According to Franzén, the claim that no “knowably sound” algorithm or theory exhausts

our arithmetical knowledge is based on a misunderstanding of the proof of the First
Incompleteness Theorem.

OPTIONAL FEEDBACK QUESTIONS

Please evaluate the reading for today:

o very good o good o fair O poor O Very poor

Comments on the reading:

Please evaluate the last lecture:
o very good 0 good o fair O poor O very poor

Comments on the lecture:
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QUIZ #18

Name:

Please write to the left of each number either ‘TRUE’ or ‘FALSE’

1. According to Franzén, Gédel’s First Incompleteness Theorem does not apply to the
philosophy of Ayn Rand.

2. According to Franzén, the question of the actual or potential reach of the human mind when
it comes to proving theorems in arithmetic is nof like the question of how many hot dogs a
human can eat in five minutes without making a totally disgusting spectacle of himself.

3. According to Franzén, it seems reasonable to assume that a formalization of theoretical
physics, if such a theory can be produced, would be subject to the incompleteness theorem.

4. Tt is unknown whether the following is true: given any even number (greater than 2) of

(wooden) squares of equal size, one can always divide them into two piles, each of which
cannot be arranged in a rectangle each side of which has at least two squares.

OPTIONAL FEEDBACK QUESTIONS

Please evaluate the reading for today:
o very good o good o fair O poor O Very poor

Comments on the reading:

Please evaluate the last lecture:
O very good o good o fair O poor O very poor

Comments on the lecture:
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PROBLEM SET #1
Due: Monday 29 January at 11:00 am jn class

Problem 1 (1 point). For cach of the following eight sirings of symbols, write in the
corresponding space of the answer sheet: ‘A’ if the string is not a term, ‘B’ if the string is an
atomic closed term, ‘C’ if the string is an atomic open term, ‘D’ if the string is a non-atomic
closed term, and ‘E’ if the string is a non-atomic open term (in the language of arithmetic L%,
using unofficial notation).

(@) P(x, y) (e) x£y
(b) 2+3 ) z

(c) O+x (g)2<3
(d) 458 (h) x"+y'"

Problem 2 (1 point). For each of the following eight strings of symbols, write in the
corresponding space of the answer sheet: ‘A’ if the string is not a formula, ‘B’ if the string is
an atomic formula and a sentence, ‘C’ if the string is an atomic formula but not a sentence,
‘D’ if the string is a non-atomic formula and a sentence, and ‘E’ if the string is a non-atomic
formula but not a sentence (in the language of arithmetic L*, using unofficial notation).

(a) Vx(x#x & x=3) () VxTyVzIw(x<y & z<x)
(b) VxVy(x>y — y<x) (£) 2+3+(2ox+3x)<p+(3ex+z)
(¢) O+x<l+x (g) VxIx(x=x)

(d) 454=455 (h) 3z(2<x & Vz x<z)

Problem 3 (1 point). For ecach of the following four formulas (in the language L* U {P, O, R},
where P and @ are two-place predicates and R is a one-place predicate; official notation is
used), write in the corresponding space of the answer sheet all free occurrences of variables in
the following format: 2y if the second occurrence of *x’ is free in the formula, and so on.

(8) (P(x, ) & VxQ(x, x))  (¢) VaIu(P(x, y) & R()

(b) Vx(FyP(x, ) & RG)) (D ((~Q(2, 3) & Vz0(z, 3)) v Ip(P(z, y) — V23xR(x)))
Problem 4 (1 point). Do probiem 9.3 on p. 113 of BBJ.

PROBLEM SET # 2
Due: Monday 5 February at 11:00 am in class

Problem 1 (1 point). Do Problem 9.2 on p. 112 of BBJ.
Problem 2 (1 point). Do exercise D on p. 239 of Bessie & Glennan (see next pages), only #71.

Problem 3 (1 point). Do exercise C on pp. 237-239 of Bessie & Glennan (see next pages),
only #45, 47, 48, 50, 51, 54, 57, 58.

Problem 4 (1 point). Translate into logical notation the following argument, using the notation
provided. (1) A limit point of a set is the limit of a sequence all terms of which are members
of the set. (2) A set is closed exactly if every limit point of the set is a member of the set. (3)
A collective is a set all members of which are sets. (4) The intersection of a collective is a set
whose members are all and only the members of every member of the collective. It follows
from the above four definitions that (5) the intersection of a collective all members of which
are closed is closed. (Cx: x is closed; Kx: x is a collective; Sx: x is a set; Ox: x is a sequence;
Ixy: x is the intersection of y; Lxy: x is the limit of y; Mxy: x is a member of y; Pxy: x is a limit
point of y; Txy: x is a term of y.)
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PROBLEM SET # 3
Due;: Monday 12 February at 11:00 am in class

Problem 1 (1 point). Do problem 10.4 on p. 123 of BBJ.

Problem 2 (1 point). Do problem 10.6 on p. 124 of BBJ.

Problem 3 (1 point). Do problem 10.12 on p. 124 of BBJ.

Problem 4 (1 point). Do problem 14.1(a)}—not (by—on p. 185 of BBJ.

PROBLEM SET # 4
Due: Monday 19 February at 11:00 am in class

Problem 1 (1 point). Provide an example of an improper use of the second quantifier rule,
namely (R6), arising from ignoring the side condition ‘c not in A(x)” (see p. 173 of BBJ, after
Example 14.10). '

Problem 2 (1 point). Provide a derivation (using (R0)-(R9)) of:

AYVxR(x, y) = Vx3IyR(x, y).

Problem 3 (1 point). Provide a derivation (using (R0)-(R9})) of:

AxF(x) & yG(y) = IxTIWE(x) & G()).

Start the derivation with ‘F(a), G(b) = Fla) & G(b), giving as justification ‘class
discussion’.

Problem 4 (1 point). (a) Provide an example of a proof procedure that is sound but not
complete. Explain why it is sound but not complete. (b) Provide an example of a proof
procedure that is complete but not sound. Explain why it is complete but not sound.

PROBLEM SET # 5
Due: Monday 5 March at 11:00 am in class

Problem 1 (2 points). Suppose I and I> are sets of sentences such that It U I3 is
unsatisfiable. Show that there is a sentence S such that I3 |= S and I3 i= ~S. (Hint: Use the
compactness theorem. )

Problem 2 (2 points). Give either a proof of, or a counterexample to, the following statement:
If for every two members y;, y2 of a set of sentences " the set {y, 2} is satisfiable, then I"is
satisfiable.

PROBLEM SET # 6
Due: Monday 12 March at 11:00 am in class

Problem [ (2 points). A certain island is inhabited only by knights, who always tell the truth,
and knaves, who always lic. Furthermore, some of the knights have proven themselves to be
knights, and are known as established knights, and similarly some of the knaves are
established knaves.
(a) An inhabitant of the island says ‘T am not an established knight’. Can you tell
whether he is a knight or a knave, and whether or not he is established?
(b) An inhabitant of the island says ‘I am an established knave’. Can you tell whether
he is a knight or a knave, and whether or not he is established?
(c) An inhabitant of the island says ‘I am an established knight’. Can you tell whether
he is a knight or a knave, and whether or not he is established?

Problem 2 (2 points). Solve the problem in ‘Machines that talk about themselves’ (see next
pages).
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PROBLEM SET # 7
Due: Monday 19 March at 11:00 am in class

Problem 1 (1 point). Find (as a product of prime numbers) the G&del number of the sentence
“¥x1{(x1°0)=0)’, using George and Velleman’s system of Gddel numbering.
Problem 2 (1 point). Find the expression whose Godel number (in George and Velleman’s

system of Gddel numbering) is:
8,0005,764,801¢43,046,721+11'%013%17'%19'1423°,

Problem 3 (2 points). Following the instructions after (6) on p. 181 of George and Velleman,
and letting the two formulas that correspond to Theorem 7.9 on p. 180 be P; and Py, turn (6)
into a formula of the language of PA.

PROBLEM SET # 8
Due: Monday 26 March at 11:00 am in class

Problem 1 (2 points). Let T be the theory whose axioms are those of PA together with the
sentence ~Gpa. Assume that PA is consistent. (a) Show that 7 is consistent. (b) Show that T is
@-inconsistent.

Problem 2 (2 points). Solve the problem in ‘Fergusson’s logic machine’ (see next pages).

PROBLEM SET # 9
Due: Monday 9 April at 11:00 am in class

Problem 1 (2 points). Define a logician to be accurate if everything she can prove is true; she
never proves anything that it is false. One day, an accurate logician visited the island of
knights and knaves, in which each inhabitant is either a knight or a knave, and knights make
only true statements and knaves make only false ones. The logician met a native who made a
statement from which it follows that the native must be a knight, but the logician can never
prove that he is! What statement would work?

Problem 2 (2 points). (To be read afier solving the previous problem.) Suppose we are given
the additional information that the logician can do logic at least as well as you and 1. In the
solution to the last problem, one proves that the native must be a knight. What is to prevent
the logician from going through the same reasoning and hence coming up with the conclusion
that the native is a knight? She would thus prove that the native is a knight, which would
falsify the native’s statement, so the native would be a knave! How are we to avoid this
paradox?




uaYM ‘SPIOM IOY}0 U,, “BreI)) pres  pugisiopun I mou Yo,
Jouryorur Y3 Aq ‘ST Jeyy
—a1qpacid st My 3 x 9ousluSs oY Yery} Aes | USY ‘SP[OY Io1¥[
oy JI ‘fi=x IoquUINU S} 0O Sunuud jo En_mmmo ST 9UIoBW
a1 18 Surdes woxy Eouowﬂ A[pImua st yeq]J, Ay 198 o3 JoO
Ioquuaur € A[[eak ST X JI an4] iy 3 x souRIULS © [[eD ] SJUAISHIP
Aeamuo are 53deoucd oM} 9y}, ‘uossndiayy parder YO,

. d2]qpa0sd WOL] ISJIP anug S0P MOY Janit Aq
ueawx 104 op yeym,, ‘Ster) paydnueim  uowowr e isnf,
/9T ST QUIYOBUL AU} Aq 9rqraoId 90uSUAS A19A9 JBY} 9SUSS
oy} Ul 93EmMooe sAeam[e ST ouryoeur A yeyy mowy ,RBZM

Fiax
requmu oy o Funyurid jo sjqedeo ST AUIYORW ST} JI (SUIYD
-eul oy} Aq) apqoaocsd st iy 3 x souoquoes oy} 18y} Aes | puy
Ay 3 x 90URULS O} Paaosd SeY SUIYDEW 9y} e Aes  uay)
‘Aisx syuud suryorw ot J1 My 3 ¥ 9ouSIUSS S JO ISQUINU
apoo 9—~+X IDqUINU 9Y} N0 syurxd uatf} 31 &4 395 ® 0} S3Uo[
-9( X 19QUINU ¥ JEY} SISA0DSIP I IOASUSYA),, 'UOSSNBIS,] pan
-unuod | ‘rouueur SUIMO{[0] 9y} UT sayerado surgorW YT,

‘i pBu9f Jo 5,0 Jo BuLs ©
£q pomo[[oy ¥ qISua] JO 5,T JO SULILS € JO SISISU0D AeX ‘STIY} Py
3 X 90USIUAS 9]} JO ISQUNU 9p0O oYy uedwr | flex Aq /i pue x
Aue 10,4 "00000T ST °y 3 T JO IOQUINY 9POO A} ‘00TTL SL 7Y 3 €
90U USs Sy} JO Iequunu opod oYy ‘sjduwrexe 104 ‘A PBU JO
5.0 Jo SULDS ® AQ PoMO[[0] X (ABUS[ JO §,T JO BULIIS B JO SISISUOD
‘uoI1R}OU OT 95eq [ensn 9y} Ul USJILIm UdYM ‘TOIYsm Iaqumd

sjuesardor yorym ‘3, joquiAs [eonjewreypew oy} Aojdwro |,
("}ooq oy} jo u a8ed
U0 PaqLIdSIp s 9y} st “y 19§ 8Y] JO NUIyg USNLT, "SI8F9)uT 9AL}
-1sod Jo 305 e Jo uondrosop ® surejuco o8ed u oY) ‘v 1930}
-w aansod yoes 10§ pue ‘sofed Awewr A[jugur ym jooq
€ JO YUIY} ued NnoA ‘oI noA Jy) ~ - * ¥y « ** “y ‘*y souonbos
ojIunul Ue ur pofuelle S}aS S[ESUIRU ST[} [[€ JO ULy} S} UELd
9 "V 198 9[(EIWIBU UTRIDD B POYBIDO0SSE ST U 19807ut aarjisod
yoea 0} puy ‘sxedajul aarisod a1e aIoY] UBT) 519§ Q[qESUIRU
20Ul OU O1B 919U} ‘5395 J[ESWIEU AUBW A[SJIUGUI 9Ie OIIY)
ysnoyi[e ‘moN -oSenSue] oY) Ul OWIEU B SBY Ul PI}SIIo}UL
Ie SISLICOU}-ISqUNU Jey) 105 ATaAd 1noqe Isnf—F Aq o[qIsiaIp
SISQUIRU [[€ JO 33s 9Y} X0f ouo ‘sroquinu suILid Jo 39s oYy I0f
AUO ‘SISQUINU PPO JO 335 Sy} I0] SUO ‘SISQUINU UIAD JO 39S 91}
10j aureu e aAey om ‘ao[dwrexe 10, ‘ofenSue[ ST} ur o[eaUIEyU
sloqumnu jo sjos Aueul Afojugur aie oI19Y], sIofojur oan
~150d “AJ[eofroads—sIoquINu JO 5195 STOMIBA JO SOUIRY SUTEJUOD
ey} oFen3ue] & ur Supjlom ure |, -uossngra, perda1 | ‘siaq
-mu sfoym sAntsod oY) jnogqe sjorj snourea soaoxd 1
: ‘payse Affeuy Brei))  iop M so0p yeym jsnf
: "SUOTOUNy $31 100 a3y 0] SuIAn suTgoRw
OU} 9I0JOq SOINUTUI [BIOAIS POOIS YOO pue 3Jrerny
‘uonderuod Bup[oo[-ppo A[eWarixs ue
-0} Appnoxd Sunurod ‘pres uossnSio  ‘ouo 1s53e] AW ST SIS
SYInI} [EonRWSY eW STIOLIBA 9A0Id Je) SaUIYoORWI Ul ‘ST Jey)
I.wS\..oHQ-EEooﬁ [EQTURYOSW UT ST 1S919)Ul Eotso AN,

© ‘A[oureu—IoquImu 2pog e sey "y 3 X 60USIUas OB ‘MON, T wey “Asur
"§308 S[(eaureu vﬁo@ 9q uEd SIY} j0U I0 oIgM pue
Teym 0] SUO[aq SISGUINY ey I9ACOSIP pue A1} 0} ST SUFyORuL 9[qesoid ore woisks wIOTXE 109p [[Im

Y1 JO uonOUN] 9T} ‘s91ESSAAUT SUFYDRUI AUI 90UIURS Jo adA}
Ajuo oty st sty L, My 105 o3 03 sBuofeq x, peal st YoTgM My 3 ¥
20USJIGS 9} 9ARY 9m /i I0qUIMU AISA9 PUER X ISQUUNU ATIAD
10} pue ‘jo Iequiaul e sy, Io 03 sBuofeq, aseayd ysiBSuy oy}

Ry JUIYIBUW © JONIISUCD O} 121)
- 3] "SIy} saop jet) SUIYDEW! B JONI)S

JIp Is1a30)[e ue st
Ioyyewr ofdus ® st 31

8% 135 1519094 40 % w1904 4/

dITIVATOSND HO ATIVATIOS

ANIHOVKW J3IDO0T § NOSSNDHUHAA



sorprodord osoy) Jegm nod {91 [ [ ‘seyono} Supysruly
oy porpdde oym uossn3iaq sem 3 mq ‘31 03 senuedord
50113 93 WBN0Iq ISIY OYM YIO[MDIIN pue Brer)y ‘0A91eq |
‘sem 3] ‘uonsenb oy ap139s 03 peoiyns sorpradord aseyy fauIyo
-ews 9} Jo sonpadord A9y 29I} JNO POYIOM USWE 1Y) SR}
UoyM OUIRD UOESNSIAUT 9} UT jurod Surum) oy, "ureigoxd
oY} JO UONN]OS 9Y} 0} JUBAJ[AI Ol Jey} 9S0Y} A[UO UonRuUAUI
[l 0 ‘S[TeI9p O {[e YILM IOpEeSI 9Uj UspInq jou [[Im |
"} pRA[0s AJ[euy L9y} [Ijun
‘wrapqoxd 9y} UO Ul PISO[O A[AINS I A[MO[S PUE SRHUOUr M
1¥ou 9y} SuLMp SOWIT} [BISASS 191}050] 1o 991y} oY, "UIOS
A[uo I0 s0uURs onI} [ 9Aa01d PNod SUIYIEUN 9T} IAYIAYM
jo wiopqoid oY} poAfosUNL Y [[MS SIY} Jng 'SOOUINISS NI}
Ajuo 2a0xd pIp I 18G1—91BINIIE PIIPUI SeM JT 1B} A[9yerpout
- 995 P[od A9} ‘uorjerado ssuUIydBW Y} JO S[IEIOp 9591
AW YOOTNDON pur Brer) 90Uy 'SAUQ PO WIGLf SIOUSIUSS
mau oaoxd 01 N1 pofqeus je so[nur [Bo180] Ajoind oy} Se [[am
SE ‘OuToew 9Y) £q Pasn SUIOIXE S} [[&8 YOO[[uDON pue 3ier))
pio1 uossngia g jutod SIp) 3B ‘MIoys Arojs 3uo[ & oW OF,

.jmouy 3 uop snf
1 "19€} sy} 2a0xd 0} 9[qe USAq 124 10U 9ARY | JN( {$IOUNUIS
anxy e aa01d upo sumyoew 9} 1BY) 9q ABW }I ‘Urede usy)
“IQ) ") punoj 3 usaey snf | Jey} oq JYSIUI I f9U0 3 UST I}
Je) weaur 3 usoop 9aoxd J0UUBd SUIORUL S} Y] SOUSIUIS
a1} B pul 0} Sqe ueaq 34 J0u dAey | asnedaq snf ng 3 ur
-a01d jo afqeden sy SUIYORUI 91} 05 PUB ‘SWOIXE 3y} JO doudnb
-35U0D [BOLZ0] B 9 0} PUNOj 9ARY [ SPUNOIZ [BOTjBUISYIEUI
Ajomd uo onn) 9q 0} PUNOJ pUE POUIUIEXS JABY | 1eq} Ty 3 X
souoyuds A19A9 ‘Iey og 'y s)0s ojqeowreu yorym 0} Suojaq ¥
sToquInu Yorgm A[e3erduioo o[19s 01 Snous aq 10U Aeul o101}
‘TS ‘sx089jur aanisod Jo walsAs 9y} JNOGE MO SUBTOIRUI
-9Yjell JRUYM JO [£10] ums 37} ynoqe isnf juasoxdax wonsenb ur

ANIHODVIW OIDOT 8§ , NOSSQADHHA

swiorke oY ], "swolxe ydnous ur pawurerdord asey | 1071oum
oWy 1Uop [ inq ‘suiorke 9y} jo souanbosucd [eordo] e st
1! Ay 3 X Juowazels 1040 2401d ULD QUIYORU ST} Jelf} 9ImS
10§ MOWY | "SIOYMOU U0 SARY JN( SYIUOU I0J JJO pue Uo 3
10 SUDIOM U23q SARY | [9AJOS 0} S[BUN Ua( 9arY | wojqoxd
oseq oY1 Apesard sp jey], j1omsue oyl mowy juop | ‘se[e
mq,, ‘vossndisg pordor  S‘uonsenb jueyrodurr jsowr vy,
. dewos Auo 10 Ay s x
wI10J oY} o seoudiuss onxy Jip Fuiaoid jo o[qeded eurgoewr
oY} ST ‘SPIOM I9TI0 Uf daurru oy} £q J[qeaoid Ay 3 x wnroy
91} JO 90UDUAS INL} AIFAD S| (9SIOAUOD Y} JNOQE JEYAA 905}
" s1 guryoewr 9y} Aq o[qeisocid sousques A19A9 JBY) PIOM INOA
‘ oy 03 Aqreroduwiey Suris wre | esoddng ‘uonsenb royjoue
yse 0} AMI[ P[ROM T, “YOO[MDIN Pres , ‘1eyl op nok a10jag,
. 'S90Us]
-uas on} £[uo sr01d UED JUIDEUI S B} SOA[OSINOA 10f 998
© UBO NOA U} pue ‘ofI[ NOA JT SWIOIXE ] NOA [[9} UBD | "90Ua}
- -uds as[e] e Butaold Jo s[qededur ST sUTYORUI 1] UAY] ‘anx) aq
IS SHUDUIS]B)S SN JO 9ouanbasuod [ed130] Aue pur ‘onua) [[e
oIe SWOTXE 91} 90UIg ‘SWOIXE 9} JO sousnbasuod [eo130] € jJ0u
. ST 7By} Juswaje)s Aue 9Aoxd jouurd suryoRwWl Y], STINL [8D
-BWSYIBUI WAOW-[[0M [[B 918 SWIOIXE 9], 'SUORONISUL Ure}
-180 JO ULIOJ 9Y) Ul SUIYDLW oY} Oul pourwrei3ord usaq aAey
Swiolxe os9Y) ‘Iadojur aAmsod oY JNOGe SUIOIXE UIBHIaD JO
siseq 9y} uo sojerado auIYoRUI 9Y T, "SUIYORW Y] JO S[Ie1ap o}
" [1e noA o3 snw I, ‘wossnroq perdaz  Jeq) 1omsue of
L491eImo0E sBM[e ST 2UIO
~BUI MOA Je} MOWy NoA Op MOy, ‘Sie1)) pres ‘oWl [[9F,,
‘uossngra, g pordar _ jAppoexy,,
41001100 1eY ST "y 108 o3 JO 19qUISW E AJ[eer
ST X ss3[un fisX I9QUINU € N0 SJULId IASU SUIYIBUL T[] JBY] ST
UBOUI NOA JBYM—O0US)UIS JTLI) € ST surgorw o) £q sjqeaocrd
NUNUSS AIIAS JRYJ—IRINOOE ST JUIYOBWE INOA JBY3 ABS NOA

.

JITEIVATOSNNA O ATIVATOS



-guryoew 9y} Aq payurad aq A[qissod jouned “y 3 u 90UNUS
Y} JO Wis U IOGUING SPOO Y} Jo4 “y 305 9} JO IaC[IOUI € 10€]
ul 51 ¥ Jey) Yons (JUOISHIP IO Suies 9y} ISYIIS) W pue u# sIaq
-UInU PULj 03 9I€ 9M ‘ST JRY T, ‘SUToeul o) 4q 9jqeaoid jou 1ng
anI} ST JEY} SOUQUSS B puUy 01 ST I9peax 3y} Ioj we[qord oy,
- [seouayues on) B 9A0Id 0} Sqe JOU SI SUIYOLU §,UOSSREI,]
16y} peonpap A[snoiodLi oq ued 31 ‘€ pue ‘¢ ‘1 sentedory wol g

‘("vy 038uoraq
| X+X JEY) YONS X SIOQUINU [[€ JO 335 913} ,“V 39S 9}
st T+*¥y 105 o ‘u 10803 oansod L1949 104 ‘€ Arodorg
('u sowm € ueswr oM wg Aq) v jo Juow
- -ojdwoo ayy st “Fy ‘u ra8oqur aanyisod yoes 10 7 Aedoig
Bumunid jo ofqeded st auryo
-BUX 9} JBI[} SIOQUUNIU [[E JO }3s atfy s1 %y 19s o], :T Apradoig
:9UIYOEW 9Y) JNOGe PIISACISIP YOOI
pue Srern) yeyy sonadoxd Aoy oolyy oY) dIe 2I9Y ‘MON
"V Ul ST XX Yey) Buides o}
juspeamnba ST,y UI $31] X Jey} AvS 0} X Iequinu Aue 10§ ‘Snyy,
"V JO ISqUISUI B ST X+X JBY} YOns X s1o3ajul oArysod [[e jo 198
oY} ueows [[eYs oM ,V Aq ‘s1e8aqur aAnisod Jo y 1es Aue 104
(‘S Aq s[qIsIATP joU
e Jey} sIequInu Jo 3as A} s1 'y Juouwra[durod s)1 usyy ‘S Aq 9[q
~ISTATD SI9QUINU JO }95 ST ST <=ﬁ {sIoquunu ppo Jo 108 oY} STy
Juowa[duIos $31 U9y} ‘SISUINU UIAD JO 138 2 ST Y J ﬂoﬁﬁmxm
10) "V Ul Jou oxe jer sxogajur sagsod (e Jo 108 9y} juEaW
SI ¥ quswapdwoo sy Aq ‘s1e8ayut aanrsod Jo v 195 Aue 1o,
‘uonjejou Areurwaijaxrd SQIj ® ‘ISIf N JUOWIOW B Ul dIB

JATEVATOSNN YO HIEVATOS



PHILOSOPHY 511:
SYMBOLIC LOGIC

PETER B. M. VRANAS
MWF 11-11:50, SPRING 2007

Problem 1 (2 points). Please indicate on the answer sheet whether the following ten
statements are true or false.
(a) An argument form is an ordered pair whose first member is a set of propositions (the
premises) and whose second member is a proposition (the conclusion).
(b) The language of arithmetic has infinitely many constants.
(c) In official notation, every non-atomic term of the language of arithmetic ends with a
right parenthesis.
(d) The empty language has infinitely many interpretations.
(e) The sentences ‘IxIy(xey=1)" and ‘IxTy(xex=0) are equivalent over the standard
interpretation of the language of arithmetic.
(f) In every interpretation of a language, every closed term denotes some element of the
domain.
(g) ‘VxVy(x+y=x+y) is a valid sentence of the language of arithmetic.
(h) The validity of a sentence is a semantic notion, but the demonstrability of a sentence is
a syntactic notion.
(i) A proof procedure is complete exactly if every secure sequent is derivable.
(1) A set of sentences I is unsatisfiable exactly if I’ = J is derivable.

Problem 2 (0.5 point). For each of the following five strings of symbols, write in the
corresponding space of the answer sheet: ‘A’ if the string is not a term, ‘B’ if the string is an
atomic closed term, ‘C’ if the string is an atomic open term, ‘D’ if the string is a non-atomic
closed term, and ‘E’ if the string is a non-atomic open term (in the language of arithmetic L*,
using unofficial notation).

(a) 222+

{b) 2+3

(c) (x+2)

(d) x<y

(0
Problem 3 (0.5 point). For each of the following five strings of symbols, write in the
corresponding space of the answer sheet; ‘A’ if the string is not a formula, ‘B’ if the string is
an atomic formula and a sentence, ‘C’ if the string is an atomic formula but not a sentence,
‘D’ if the string is a non-atomic formula and a sentence, and ‘E’ if the string is a non-atomic
formula but not a sentence (in the language of arithmetic L*, using unofficial notation).

{a) Vx x=2 v x=3

(b) Vy(=2)

(c) Vx(F(x) v ~F(x))

(d) 254254

(€) 2+(Sox)<(x'"+3)oy

Problem 4 (0.5 point). Translate into logical notation the following definition, using the
notation provided: A pure imperative argument is valid exactly if every reason which supports
the conjunction of the premises of the argument also supports the conclusion of the argument.
(Px: x is a pure imperative argument; Fx: x is valid; Rx: x is a reason; Sxy: x supports y; Cxy: x
is the conjunction of the premises of y; Lxy: x is the conclusion of y.)

Problem 5 (0.5 point). Provide a derivation (using (R0)-(R9)) of:
& = Vx(F(x) v ~F(x)).
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Problem 1 (2 points). Please indicate on the answer sheet whether the following ten
statements are true or false.
(a) An argument is logically invalid exactly if it instantiates at least one invalid logical
form.
(b) When the identity sign is nof present, the empty language has infinitely many terms.
(c) When formulas are written in official notation, every formula ends with a right
parenthesis.
(d) In every interpretation of the language of arithmetic, the identity sign denotes the
relation of identity between natural numbers.
(e) In every interpretation of a language, every sentence of the language is either true or
false.
() In every interpretation of the empty language, every element of the domain is the
denotation of some closed term.
() *VxVy(x-y=x-y) is a valid sentence of the language of arithmetic.
(h) Inconsistency is a syntactic notion, but unsatisfiability is a semantic notion.
(1) A proof procedure is sound exactly if every secure sequent is derivable.
(j) A sentence D is valid exactly if @ = {D} is derivable.

Problem 2 (0.5 point). For each of the following five strings of symbols, write in the
corresponding space of the answer sheet: ‘A’ if the string is not a term, ‘B’ if the string is an
atomic closed term, ‘C’ if the siring is an atomic open term, ‘D’ if the string is a non-atomic
closed term, and ‘E’ if the string is a non-atomic open term (in the language of arithmetic L¥,
using unofficial notation).

(2) 20243

(b) 2-3

(c) 2+z

(d) 327

(e)x
Problem 3 (0.5 point). For each of the following five strings of symbols, write in the
corresponding space of the answer sheet: ‘A’ if the string is not a formula, ‘B’ if the string is
an atomic formula and a sentence, ‘C’ if the string is an atomic formula but not a sentence,
‘D’ if the string is a non-atomic formula and a sentence, and ‘E’ if the string is a non-atomic
formula but not a sentence (in the language of arithmetic L*, using unofficial notation).

(a) Vxdy(x=z)

() @y<3

(c) 3+x'

(d) 254=254

(e) Ay2<N&Vx(x<y))
Problem 4 (0.5 point). Translate into logical notation the following definition, using the
notation provided: A reason weakly supports a given prescription exactly if it strongly
supports some prescription whose context is the same as the context of the given prescription.
(Rx: x is a reason; Px: x is a prescription; Wxy: x weakly supports y; Sxy: x strongly supports y;
Cxy: x is the context of y.)

Problem 5 (0.5 point). Provide a derivation (using (RG)-(R9)) of:
& = VxIy(x=y).
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PRACTICE EXAM #2

Problem 1 (3 points). Please indicate on the answer sheet whether the following fifteen
statements are true or false.
1. When formulas are written in official notation, every formula begins with ‘", *~’, ‘¥,
or ‘3.
2. The sentences ‘IxVy(y<x+1)’ and ‘VyIx(x<y+1)’ are equivalent over the standard
interpretation of the language of arithmetic.
3. The following sequent is secure: {3x(0<x)} = {Ix(x=0), Vx~(x=0)}.
4. There is a three-line derivation (using (R0)-(R9)) of: & = Ix(x=c).
5. The proof procedure which consists of (R0)-(R4) (without (R5)-(R9}) is complete.
6
7

. If a finite set of sentences is satisfiable, then it has a finite model.
. If a set of sentences has no enumerable model, then some finite subset of the set has
no denumerable model.

8. The set whose members are all and only the negations of the sentences of PA is a
theory.

9. If atheory is complete, then it is decidable exactly if it is axtomatizable.

10. There are infinitely many distinct inconsistent theories in the language of arithmetic.

11. If a theory is incomplete, then it has two models which assign different truth values to
some sentence in the language of the theory.

12. In George and Velleman’s system of Godel numbering, for every proof there is an
expression such that the Gédel number of the proof is the same as the Gédel number
of the expression.

13. It is a consequence of the fixed point lemma that there is a sentence () in the language
of PA such that: PA |— (Q < (log(TO")<0)).

14. If a decidable extension of PA is o-consistent, then it contains its (Gddel sentence.

15. For any theory 7, the set of G&del numbers of theorems of 7 is not representable.

Problem 2 (0.8 point). For each of the following eight numbers, please write in the
corresponding space of the answer sheet: ‘A’ if the number is not the Gddel number of any
expression, ‘B’ if the number is the Godel number of (an expression which is} an atomic open
term, ‘C’ if the number is the Gédel number of an atomic closed term, ‘D’ if the number is the
Gaédel number of a non-atomic open term, ‘E’ if the number is the Godel number of a non-
atomic closed term, ‘F’ if the number is the Gddel number of an atomic formula and a
sentence, ‘G’ if the number is the Gédel number of an atomic formula but not a sentence, ‘I’
if the number is the Gddel number of a non-atomic formula and a sentence, I’ if the number
is the Gédel number of a non-atomic formula but not a sentence, and ‘F if the number is the
Godel number of an expression which is of none of the above kinds (in the language of PA,
using unofficial notation and George and Velleman’s system of Gédel numbering).

2.2338 5175 111 137 6. 36
3.48 7.10°
4.2°3" 5% 7 11741 8.7 5131 2

Problem 3 (0.2 point). Translate into logical notation the following definition, using the
notation provided: A set is heterclogical exactly if its members are all and only those sets that
do not have all of their subsets as members. (Sx: x is a set; Hx: x is heterological; Mxy: xis a
member of y; Zxy: x is a subset of y.)
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EXAM #2

Problem 1 (3 points). Please indicate on the answer sheet whether the following fifteen

statements are true or false.
1. An occurrence of a variable in a formula is bound exactly if it is part of a subformula

which is immediately preceded by a quantifier symbol.

2. The formulas ‘Ix(x<y+1)’ and ‘Ix(x=yp+1)’ are equivalent over the standard

interpretation of the language of arithmetic.

A demonstration of a sentence D is a deduction of D from .

There is a three-line derivation (using (R0)-(R9)) of: c=d = d=c.

The proof procedure which consists of (R0)-(R6) (without (R7)}-(R9)) is sound.

If an infinite set of sentences is satisfiable, then it has a denumerable model.

If an infinite set of sentences is unsatisfiable, then some infinite proper subset of the

set is unsatisfiable.

The set whose members are all and only those sentences of the language of arithmetic

which are false in the standard interpretation is a theory.

9. Every inconsistent theory is axiomatizable.

10. If a theory is inconsistent, then no sentence of its language is undecidable in the
theory.

11. If a theory has two models which assign different truth values to some sentence in the
language of the theory, then the theory is incomplete.

12. In every system of Godel numbering, no two distinct expressions have the same Gédel
number.

13. Tt is a consequence of the fixed point lemma that there is a formula P(x;) such that:
PA | (Gpa <> ~P("Gpa™)).

14. If an axiomatizable extension of PA is consistent, then it does not contain the negation
of its Godel sentence.

15. Every extension of PA is undecidable.

N L W

o

Problem 2 (0.8 point). For each of the following eight numbers, please write in the
corresponding space of the answer sheet: ‘A’ if the number is not the G6del number of any
expression, ‘B’ if the number is the Gdel number of (an expression which is) an atomic open
term, ‘C’ if the number is the Godel number of an atomic closed term, ‘D’ if the number is the
Godel number of a non-atomic open term, ‘E’ if the number is the Godel number of a non-
atomic closed term, ‘F’ if the number is the Godel number of an atomic formula and a
sentence, ‘G’ if the number is the G&del number of an atomic formula but not a sentence, ‘II’
if the number is the Godel number of a non-atomic formula and a sentence, ‘I’ if the number
is the Godel number of a non-atomic formula but not a sentence, and ‘J° if the number is the
G&del number of an expression which is of none of the above kinds (in the language of PA,
using unofficial notation and George and Velleman’s system of Gédel numbering).

1. 211 310 511 3. 516 313 211
2.21231 6.310513 78 24
3.18 7. 308
4,253 53 78 1116 138 1511 17° 8.2

Problem 3 (0.2 point). Translate into logical notation the following definition, using the
notation provided: Two people are doubly compatriots exactly if they are citizens of the same
two nations. (Px: x is a person; Dxy: x and y are doubly compatriots; Cxy: x is a citizen of y;
Nx: x is a nation.)
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PRACTICE FINAL EXAM

Problem 1 (3 points). Please indicate on the answer sheet whether the following twenty
statements are true or false.

1. An instance of formula F(x) is a formula of the form F(¢) for any term .

2. TFor the proof procedure consisting of (R0)-(R9), for any set of sentences I', and for
any sentence D, I' = {D} is derivable exactly if "w{~D} is inconsistent.

3. There is a nine-line derivation (using (R0)-(R9)) of: Ix(Fx v Gx) = IxFx v IxGx.

4. For any formula F(x) and for any constant ¢, the sentences ‘Ix(x=c & F(x))’ and
‘F(c) are logically equivalent.

5. A refutation of a set of sentences I is a deduction of {{J} from I

6. If every infinite proper subset of an infinite set of sentences is satisfiable, then the
whole sct of sentences is satisfiable.

7. If a set of sentences has no enumerable model, then some finite subset of the set has
no enumerable model.

8. The set whose members are all and only those sentences of the language of arithmetic
whose Gédel numbers (in George and Velleman’s system of Godel numbering) is less
than 10'® is a theory.

9. The set whose members are all and only those sentences of the language of arithmetic
which are true in the standard interpretation is an axiomatizable theory (assuming that
it is a superset of PA).

10. If a theory T is an axiomatizable extension of PA and » is the G&del number of a
theorem of 7, then PA ]— Theorem(S"0).

11. It is a consequence of the fixed point lemma that there is a sentence Q in the language
of arithmetic such that: PA | (Q < (FQ71>0)).

12. If a theory is a consistent, axiomatizable, and w-inconsistent extension of PA, then
there is a sentence of the language of arithmetic such that neither it nor its negation is
in the theory.

13. The formula Theorempa(x)) represents the set of Gédel numbers of theorems of PA.

14. A theory (in the language of arithmetic) is consistent exactly if it does not contain the
sentence ‘0=S50".

15. The axiomatizable theory whose axioms are those of PA together with the negation of
the Godel sentence of PA is undecidable if PA is consistent.

16. A function from natural numbers to natural numbers is Turing computable exactly if it
is both abacus computable and recursive.

17. According to intuitionism, every sentence (in the language of arithmetic) that involves
unbounded existential quantification is meaningful.

18. According to George and Velleman, Hilbert’s project proceeds from a perspective that
strips classical mathematics of all interpretation.

19. According to Franzén, PA,, is subject to the incompleteness theorem.

20. According to Gaifman, the argument from Godel’s result to the no-computer thesis
can be made without following McCall’s route.



Problem 2 (0.8 point). For each of the following eight numbers, please write in the
corresponding space of the answer sheet: ‘A’ if the number is not the Gddel number of any
expression, ‘B’ if the number is the Gdel number of (an expression which is) an atomic open
term, ‘C’ if the number is the Gédel number of an atomic closed term, ‘D’ if the number is the
Godel number of a non-atomic open term, ‘E’ if the number is the Gédel number of a non-
atomic closed term, ‘F’ if the number is the Gddel number of an atomic formula and a
sentence, ‘G’ if the number is the Godel number of an atomic formula but not a sentence, ‘I’
if the number is the Gédel number of a non-atomic formula and a sentence, ‘I’ if the number
is the Godel number of a non-atomic formula but not a sentence, and ‘J° if the number is the
Godel number of an expression which is of none of the above kinds (in the language of PA,
using unofficial notation and George and Velleman’s system of Godel numbering).

1.2° 5.10713%e211% 187!

2.258 6.2°03%51e 76111013’

3. 3%e24 7. 2%3'%45%71%111% 13!

4.10'%e45 8.27e3'05%7 e 117013%17'%019'%21"7e23°

Problem 3 (0.2 point). Translate into logical notation the following sentence, using the
notation provided: If every event has at least one cause which is also a cause of at least one
different event, then no two distinct events have a common cause. (Ex: x is an event; Cxy: x is
a cause of y.)
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FINAL EXAM

Problem 1 (3 points). Please indicate on the answer sheet whether the following twenty
statements are true or false.

1. An argument was defined to be valid exactly if it instantiates at least one valid
argument form.

2. The formulas ‘VxIy(x<z & z<y)’ and ‘IxVy(x<z & z<y)’ are equivalent over the
standard interpretation of the language of arithmetic.

3. There is a sixteen-line derivation (using (R0)-(R9)) of:

AxIY(Fx v Gy) = ~(~3xFx v ~yGy).

4, For any set of sentences I, for any formula F(x), and for any constant ¢, if
I'U{~VxF(x)} is satisfiable, then "U{~F{c)} is satisfiable.

5. For any sentences D, E, and F of a given language, {~E, ~F} implies D exactly if
{~D} secures {E, I'}.

6. If every infinite proper subset of a set of sentences is satisfiable, then the whole set of
sentences has an enumerable model.

7. If a set of sentences has no denumerable model, then there is a natural number » such
that the set has no model of size greater than ».

8. There is a theory T (in the language of arithmetic) such that the set whose members
are all and only those sentences of the language of arithmetic which are not in T'is a
theory. A

9. The axiomatizable theory whose axioms are those of PA together with the consistency
sentence of PA is undecidable regardless of whether PA is consistent.

10. The set whose members are all and only the G&del numbers of formulas of the
language of arithmetic which are not sentences is decidable.

11. It is a consequence of the fixed point lemma that there is a sentence Q of the language
of arithmetic such that: PA I— (Q < Proofpa(TQ7, 0)).

12, An extension 7' of PA is m-inconsistent exactly if there is a formula P(x;) in the
language of arithmetic such that: (a) Tl— Vx1P(x1) and (b) for every natural number m,
T} ~P(5"0).

13. According to the second part of Godel’s First Incompleteness Theorem, no o-
consistent extension of PA contains the negation of its Gtdel sentence.

14. No consistent and axiomatizable extension of PA contains the sentence ‘~(0=S0)".

15. There is no w-consistent, decidable extension of PA. ‘

16. According to Church’s thesis, every recursively computable function is effectively
computable.

17. According to finitism, every sentence (of the language of arithmetic) that involves
unbounded quantification is meaningless.

18. According to George and Velleman, the belief that the Law of the Excluded Middle is
correct is only peripheral to Hilbert’s project.

19. According to Franzén, Lucas wrongly claims that G&del’s theorem states that in any
consistent system which is strong enough to produce simple arithmetic there are
formulas which cannot be proved in the system.

20. According to Gaifman, Go6del’s result does not show that self-reflection cannot
encompass the whole of our reasoning.



Problem 2 (0.8 point). For each of the following eight numbers, please write in the
corresponding space of the answer sheet: ‘A’ if the number is not the Gédel number of any
expression, ‘B’ if the number is the Gédel number of (an expression which is) an atomic open
term, ‘C’ if the number is the Godel number of an atomic closed term, ‘D’ if the number is the
Godel number of a non-atomic open term, ‘E’ if the number is the Godel number of a non-
atomic closed term, ‘F’ if the number is the Godel number of an atomic formula and a
sentence, ‘G’ if the number is the Gédel number of an atomic formula but not a sentence, ‘H’
if the number is the G&del number of a non-atomic formula and a sentence, ‘I’ if the number
is the Gédel number of a non-atomic formula but not a sentence, and ‘J’ if the number is the
Gadel number of an expression which is of none of the above kinds (in the language of PA,
using unofficial notation and George and Velleman’s system of Godel numbering).

1.10° 5. 42" 67750

2.1024 6.30'%320

3.6'e2 7.2%3%5'%7%e0% 11'7013%17'*e19' %23’
4.30"e9 8.27031%7"7e11%13%15%17'%19'%23"7e27”

Problem 3 (0.2 point). Translate into logical notation the following sentence, using the
notation provided: Only police officers are allowed to arrest all and only those persons who
have committed at least two crimes. (Ox: x is a police officer; Px: x is a person; Rx: x is a
crime; Lxy: x 1s allowed to arrest y; Cxy: x has committed y.)
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ANSWER SHEET FOR PROBLEM SET #1
(Due Monday 29 January at 11:00 am in _class)
‘ PROBLEM 1 :
(a) (b)) (e} {d) © 4] (g} )
A D E _D A C A E
. PROBLEM 2
(@) (b (©) (d) © 0 (g} [13)]
D A C B D < D E
PROBLEM 3
() (d) {©) (d}
Lx, -zx 39 —_— 31.__2‘
' PROBLEM 4
(a) ; i (b) .
13is an wnebe or The fatirer ot X W is d viece of 4 daughied of X

ANSWER SHEET FOR QUIZ #1
(To be filled in at the beginning of class)

2 3 4

FALSE FALSE. TRVE
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ANSWER SHEET FOR PROBLEM SET #2
(Due Monday 5 February at 11:00 am in class)

PROBLEM 1

Domain Ser Auwav) Peisons
Denotation of P K@ﬁzﬁon of woHher Tv dir-
Denotation of O R ot b :
Denotation of R elati palest .
Denotation of 2 Savah
Denotation of & l<aac
Denotation of ¢ Ta

PROBLEM 2

Interpretation 1 i Interpretation 2

Domain i eysans as
Denotation of P Al b 1o _We, or piee 1 '
Denotation of 0 v Bep
Denotation of @ ) o L

PROBLEM 3

# 45 47 48 50 54 57 58

51
Tntvalondi | TEVE | FALCE | TEVE FaLse | TRVE | FALsE FASE | TRVE

T | TEVE | PALSE | PALSE | FAKE | FALSE | FAISE | FAISE | FAUE

Trath val, on &5 T'ﬁli E—&Lﬁ E E&L_SE P'iégE F’A'LS,_E; Pﬂ'LSé FA LSE FALSE—

PROBLEM 4

(D) Vx 19X —>Vy-{ Pax Az (R L YW [ Twe +Mwx)12Lyal5%
@) Vxiox »Loxe> Wy (Pyx—>Mp)18 )

() ¥x §Kx «» L 5x 3 Vg (Myx —>5%‘)3§
) V?L; %Kx—:r\z’*i Cyxs>§548-Va [ May P { Mwx —» Maw) 135€

(3) P ILKXZ Vo (Myx —» Cy)d > Yyl Tyx — G4 )§

ANSWER SHEET FOR QUIZ #2
(To be filled in at the beginning of class)

1 2 3 4

EALSE TRVE FALSE FALSE
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ANSWER SHEET FOR PROBLEM SET #3
(Due Monday 12 February at 11:00 am in class)

PROBLEM 1

@ Take an m}e(pre‘mhou Wud- w&es even, sentene in I e, Since T |Mff|es every .fe'ﬁ:
M A,Sucﬂ\o.m velation makes eve Smm i A frue. Stace A mplies E, sudhan in
PW"H.hM wakes E.thf. So r iM?&ES

®) Take dmg w‘:i dbes wver vmme i Cwe, Swee T wplies every sedtence
W A uchn (e} wwwes evexy e FUA Hue. Sinee TUA nmpfﬁ es E,sucﬁ
an \ frthd\m Mo&& E)‘me So I {Mp&as E.

PROBLEM 2

@ v (N -V Gy i iabid off 10 (texpretachion wiakes o Aukee; Ce. c#mwﬂ-er re’uﬁm
makes aﬁeoé N(LM Go fodseji.e, b o mFe(PreHwn mabes add - €1,y lm %me re,if

i¢s,.. ,fmf\scmsa ;qa

) N GV D i Valid 1 mﬁ'quuhm toes Jr{afse L.e.,i4f no driex Py elxlian
iokes ol of ~C ..., vCon D fobse; Lo, it o m“'?{fffl’ﬂ o wiekes Al o @, (m e and.
D dube; (e, il Disa consequeuce of, 1,

@, C\M dpg (s unsa\'w(w% ot NC;V VNC\M Vo D is valid Tdvow (a) afael ;. e
i chl_v GV D (5 vafid j (.2, i¢f D is a COMSEIAEEE & {cu, - b Tawm (b) afort)’

@ D is vabid \,“_ VW 1 i) wakes D ‘(""&ej i._e.l{(\l no \h‘]‘(’(PYB}T}'lWI wiakes ~) HMCJ.

e, iff VD is unsatistia

PROBLEM 3

V F(x) <>600)) (s vabid & ever 1&&%“‘\0& 1HY£| «-‘&(9\( vﬂﬂ’
'a‘n)v(a(wtxaml ’{WX) i&::mﬁja:azw a%fﬂ(ﬂ (in lMS:f 5&%858 fL(X) **5038 : e fi(;ﬂ;’f

_Wngm)lerdm'\nw and. ¢ evey w w W!e domiin of AR, My, akes F(c) APTAR A
L&, W ot oy § m‘ww M, &) and G ace cquurq?enjrave( M 0ve, 14 Fox) and £(x)

PROBLEM 4

r UN A tso ;m;lac‘x#w@& tﬁmgi}éhjref?rc Jm::\g\ “ﬁuﬁs afl ;fﬂ:{% ;‘%E:‘i éwe :_: . '{.ﬁ(ﬂ e{:{p

mﬁh%mm d— %ﬁrm:fm;er be mm% ei% awe mewéz Nse .
el

[ seruyes A

ANSWER SHEET FOR QUIZ #3
(To be filled in at the beginning of class)

1 ) 2 3 '
FALSE FALSE FALSE . FALS

ol B
m .




PHILOSOPHY 511:

PETER B. M. VRANAS

PROBLEM 3

SYMBOLIC LOGIC Wt MWE 11:00-11:50, SPRING 2007
Name: Pejrer \/ﬁims
ANSWER SHEET FOR PROBLEM SET #4
(Due Monday 19 February at 11:00 am in class)
_ © PROBLEM 1
CFe=>
A (x #c)=>
, PROBLEM 2
(1 R{cd) = R(g4) (Ro)
) =R d); vE(c d) (RZa), (1)
13) =R d), Ax~vRCxd) (RS), 2]
4 =>Ty Ry, Axv R d) (R5), ¢3)
%) ~ 3y R(qw) = Ix R(x. d) (RaL), (4)
(6) AxoAy R ) = =Ixe R(x d) (R6), (5]
(7). ’élx:f:.\g RCx 4), 3»&? d)=> 3
®) A~y RO y), Ty vIeuklyy) = (RE), (2.
9 v I X Xevd ) ( Ea?g)%l ) |
(10) y xE(x,g}a xgg (x iy (3

(1) - Ma), G(b) = Fla) & G(b) Class discussion
@ F(a.). )= u(Fa) 26 (1)) (R5), (1)
(3) Ha), 4(b)=>3%Ay (Fag60p)) (Rs), (z)
4 AxEex), 4 (b)=>T % 3U( R £6y)) () (3]
&) IxFrx), aué@ﬁ ﬁ%;ﬂ& g:"?)) (ks (
(6) "¢ Gl > AatErgLacy)), v Ix Frxd (R (5]
(1) — =>dylFodla))/~ Ix Fog /3y bly) (Bza), [,
(8) —?»Qx;lu(mjza%n, ~IxFOINedytiy) (Z%%Z E;é
O) ~ (i3 PV La 665 )) =>DoeAu (Fooq 2aly)) (k2
(10) DxFed Efwﬂg J=rhell (PO 2a0yY) £3)
PROBLEM4
@ “T«e vool- procedwe consisting ush of Yhe e (@0) is sound, (since. oy sequents of the
?4{ Na@&’ an wf sudh se utew% are s ﬂf) B s n cﬁ (sivice o
{6e i ZAf%fAj aie devivile so same seawe sequens— e.q. 44 = { & —~ovewd lei

| (b) TE,e P(gof Vocedure CWIS‘"M& J:ufl'v@ the vule S ca (sivee Sfequemlas
o Aﬂtﬂzﬁe 450 e :ecm:efueni- 5 decivadle) B4 is "of sound (scﬂoe e\lazg,mn-_rﬂme
sequent —e.g., {Avei ~>{4§ — 5 abbo &mm@@&)

ANSWER SHEET FOR QUIZ #4

(To be filled in at the beginning of class)

2 3
> TRVE

i [
: .Iﬂevg:mmsgqﬂ-ﬁd«fg_%

FALSE.



PETER B. M. VRANAS

PHILOSOPHY 511:
MWF 11:00-11:50, SPRING 2007

SYMBOLIC LOGIC

Name: P eJmf \/\dedS

ANSWER SHEET FOR PROBLEM SET #5
!Que Monday 5§ March at 11'00 am in class)

PROBLEMI
SW\CQ r UF is umsah able 6“91? ropapactuess Hieaom stwe ’{m% subsel o [z
s wsehifiule. Lot rh ’ Fnr and C=rar, The ['UCR0 0 g8 (o |

{
e Anite. Mv.eomf at @em‘ e d [0 s mnew; [o,iﬂe{vwse %ﬁmr un1év e

Q WW@EEGM md 1%5 fmqufat%) wx!ﬁaml-fnﬁ ,‘é Wmtf Sl aje [ /%d Sthee
o fﬁﬁm bt S @M\ewvguwdml % mewthes j? cﬁ, FI:S Sinee
Lot s wdmﬁcﬂe  eveiy mz’w;veﬁﬁm Vid- wakes 3 /%rwe md;ée; od-Least- we
| Sentenee (v F/ﬁ&& dl/m’,'%ﬂ Mmges alg’/‘ﬂ(a 52 F/f:rvs Smae FQFFIZ‘VSD:

- PROBLEM 2

(oun'}e(wvage (Y LP(a) )/z ‘P(L) [s= NP[A)VAP(&) Wlfm i’é{fu

| salicfindze [ let a dem;}e {he HM;Z; 4 IGWA&J%BMMW V;;::{ PZIQW i
1! ‘%9"‘ W) ()/z fljj wibe (faﬁemmpr W 4
Vm Wbﬁwumﬁ 3 otvtfil/z'j/{ [;i (s ﬁql,pqgfq% (Jufef M m)lw])vﬁm’uw 48'}9%
34 6 wnsitid i

1
dic o e B wifh b dondey i manse 3), Bt £,
jlﬂ‘lf'\? ve“fm%av: 7":91&? ﬁw&’s (; -f~r'wo:J Maﬁf’s mL 465 5L O ,,{ P/d) P/U

(ﬁ@emuse vy
(ie d’( {z) 7{]{;{/6'@)
ANSWER SHEET FOR QUIZ #5
: (To be filled in at the beginning of class)
JRVE _ FALSE . Fase - FALSE




PETER B. M. VRANAS
MWEF 11:00-11:50, SPRING 2007

PHILOSOPHY 511:
SYMBOLIC LOGIC

Name: PeJre( VMWQS

ANSWER SHEET FOR PROBLEM SET #6
{Due Monday 12 March at 11:00 am in_class)

PROBLEM 1

(a)é iven e assum hmwF He py . w, ‘T am 1 m Psl'&@lﬁf’i Emzhéw wivadenr o ‘I%«r

naye ar 1 Vlold-e eﬂuﬁﬂ{ ﬁgv;‘ 53 “Ife mﬂaﬁ (om ne £ 231“ l;: 4 :,,Sr
ves 2} Mo idhed &ni 0
vvz:wﬂ §e Aolle m:s Em (:;) awdmu:(‘%ué’e & von-estallidhed

{:’ The mﬂaﬁé nl:wnL z;n nﬂsf «%ﬂe& Puisht (ﬂme Meﬂ Kts i ww\fa[ I?e )ﬁ%ﬁ? évf
ﬁgs agﬁgg Et)e)n:c(w [ lt\nw{f fﬂm £ L nvfesﬁgf’&ﬂ&(mﬁngé and er

© The infad lJﬁV\{' (anm{‘ & a HW\ (ﬂnc&-fﬁa? A Avdawenf ‘676 Mej

wheyeas b § 1
meﬁdf;ﬁ (wuh—;%.fg 8 j are xm[ fm;/gf{ /&E’}I St we cannmtnlnf
wh ﬂelfﬂgmgpnta(aﬁwm whelfec of wd- .

PROBLEM 2
| ‘E?,)Aslenten:;ap NPA NPA t‘SSA %‘}‘BP As5. MH'P o A-L( HF[" ﬂhfb; BWJ‘MPMOI{W G{-

(b)Proofthatthe sentence is true: mjma I ﬂ'{‘ & % 5_‘ ,; Vm ﬁ' “ m,_m% P PIA
Uy & vl fe-hree ,givonVHeh exon }nvﬂa%;m#&mfm‘me So Hhe sanlence j

_ (c) Proof that the machine cannot print the sentence: Fﬂw\ (b % q “ nee & +WLE M : 1%? Iﬂf))(t’ﬂ&
Sng%ﬂtm vaf- }mm‘m@ﬁe S Fisnd pnnbt%e

ANSWER SHEET FOR QUIZ #6
{To be filled in at the beginning of class)

1 2 3 ' 4
CALSE _ TAE TRVE — FALE




PHILOSOPHY 511: PETER B. M. VRANAS
SYMBOLIC LOGIC MWF 11:00-11;50, SPRING 2007
Name: = P 8‘3‘\‘3‘( \/M as
ANSWER SHEET FOR PROBLEM SET #7
{Due Monday 19 March at 11:00 am in class)
PROBLEM i
S enJrEnoe b4 X, C ( X .0 ) 0 )
equence of Godel viumdbers ! 'L : l !

i l
P%m@ofsm#emn‘fme< , L5323, L5 14 1
(ode numbler o e sequence Vol & &

1

J
J?)
} b
(= Gt v of e sahuoe): 223" 5 % 1 3% 103 0"

-

o
X
“D

PROBLEM 2
% nme chvization
of the ’ﬁ‘o el pums

5SS 03, 17 19,
A AV A VAN &
Gnrresym&tw%squmr: < I >

2/
% L 1" J{» ] f ¢
GN(?SJ:M!{{H& e)?vrmhn: \v‘( >< { 5 X.L 0 )

PROBLEM 3

P (¥, %) (0%, ) Hx(r”(x %) 3F (><35050)3’>‘

¥x ((((50<><q W (o= )8 (xgex ) = A (g (%% Xs) &
| Exg(f)lt(x;,fxcf Xc) (Xé‘(xs Sx%y)) %P (XJX;YZD)))*

ANSWER SHEET FOR QUIZ #7
(Ta be filled in at the beginning of class)

2 3 4

1
FALSE Teve FALSE TRVE




PHILOSOPHY 511:

PETER B. M. VRANAS
SYMBOLIC LOGIC

MWF 11:00-11:50, SPRING 2007

Name: 'PE'}‘E( VY'MMS

ANSWER SHEET FOR PROBLEM SET #8
(Due Monday 26 March at 11:00 am in class)

PROBLEM 1

P Ts covswlm{—ﬂemase{ﬂm i o seutece nomeﬁa s e T doec mﬁ cwﬁnm
lmlee:l svly{ose Ao Ceduchio Haf Thp,- Thtu Pa U{ Vo by o (eg.

(uf'e (R9a) of Wit se evr}cqﬁu&s) PAFGP ,caﬁ}mltdwg, G del’ Rfs{-lmo e’rnw |
Theorem (since PA s m&eah@& eﬂeh.qo of PA ond is assuined o G anse

S {me Ae{\m-hgw TH‘SPA and {‘mm Hhe ofrvel Pmr,— (emma PA, and Hus ck ec]-m;me
lovtaing ¢ o <> Ttheaom f ) 1‘@“‘\ e daaye o( T wndel faﬁtmf COHSE’ UCHL we
TFWWWPA( b ie, () Thax, Proud, ("Gon %), Since evely, pad- iv Pisel
afm& T d) gt (2) TI—E‘.szvao( (’@;Xz) 8..&- weémr{mm &gaf Pk by
{sn a%fmfnaﬁso o narwad v (ur a/maxsuﬂe e 3 i nuwf Wﬂ(f a proat of- Gy T

: (3\‘6( &ed nuwer w1, T 1 Prook (T4eat The canblinatim & (2) and ©3) rxwum’s %
| W\e N-'WJ(GVLSI h’-T '(\Tﬁs&epus ﬂmﬂ-ﬂz) '

PROBLEM 2

(a) Sentence: :l' 3 & A?-S

I'® Proof that the sentence s true: <§ “H’“S e {0( Yﬁi[b{.(.‘l"lﬂ _wlqu .”\e Iﬂﬁl’?”ﬁe (556;.@‘{ ; ie. -ma{— B%A‘

Fom Rapedy 3 F3€A,, <> 734734 (siwe 23=3.2411), so{ww ?3¢-A7,3
ggeﬁ ?"3*?3¢A2q S 73972 EFn = Ag (fam Fa rl}z since 24=3-8), ¢
Pmper}% _{.) F3¥73 s ywvrlaﬁfs so ?‘36}1}3 4”0{@0& dm[ "Re ree{uzlvo s Cowgv@ie
(c) Proof that the machine cannot piyé¢ the sentence: We 5 d.N ﬁFM Jrﬂﬂ- -7—5 P A;.S an Jl_ 'II'PU('["
Be, o Brasah, ot 1347364, = A yso 13FP3ELA Fhs
+3 %’—}5 (s uanmlaE% Mi ‘713&/4;3 s uunfwd%

ANSWER SHEET FOR OQUIZ #8
(To be filled in at the beginning of class) .

1 2 3 4
TRVE ___FalSE __FALSE TRVUE




PETER B. M. VRANAS
MWEF 11:00-11:50, SPRING 2007

PHILOSOPHY 511:
SYMBOLIC LOGIC

Name: ?\9:

ANSWER SHEET FOR PROBLEM SET #9
(_ue Monday 9 April at 11:00 am in class)

. PROBLEM 1
57[¢‘LEMM+ X}u cavm rare Wm{- | aM 4 Ewi Jr The vwrhve (omnmL Ge « ﬁmwfmwe
%m% dutement ma@t {f@ ” "iﬂ‘ it cwe me M% native b’aﬁmg% emL
s couﬂ (ove someth ing e assuip an Cg;(?r s a.cmm 50
"V‘“‘?WM {'9?”&!3% {'ﬁus lSerqauaH'ﬂe-@ﬂtczm " }mve al— e haf-
sw s & &
PROBLEM 2 ' ,

l W\ e sofudion Reflem L e mo&%&%en&w ﬁn uses e assumphion
ji o vecfan u?cmr Bwlnl% it is G assumphion m 1B {he Ggcian 5 jm-
itis. m ass mei#faL {he ﬁwam Sbrgors, Yl she armm‘e so she Wﬁj use

MM {7 of \wdeefl Ve & yxéaw canhe- eis| .

- fm‘ﬁ[c .ﬁ“cuu 'W\En fﬂe cuuﬂ ﬁl ﬁ ant. § rave {he natiie 15
is 5 ﬁew’u@lé’ea Yo AN “ﬁf’ tian|
g f&iﬁrﬁﬂﬁamﬁﬁé& l ;fe }mmed somelﬂmg. e The ingk m&g {mggéewrfe |

€ Py '

- Ygica Js Yoo onbilety of consistent
o @ﬁ?&g Plﬁffvgeazaﬁuf%ﬁiﬁﬂ (%?‘j ffcowitfwgm ess Theoram

ANSWER SHEET FOR QUIZ #9
(To be filled in at the beginning of class)

1 . 2 3 4
_FAISE . FALSE Teve TRUE
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PHILOSOPHY 511: PETER B. M. VRANAS
SYMBOLIC LOGIC Wistinan MWF 11:00-11:50, SPRING 2007
ANSWER KEY FOR OUIZZES #10-18
Quiz Statement 1 Statement 2 Statement 3 Statement 4

10 False False False True
11 False True False True
12 False True False True
13 False True True True
14 False True True False
15 True True False False
16 True False True True
17 True True False False
18 True False True True




PHILOSOPHY 511:
SYMBOLIC LOGIC

PETER B. M. VRANAS
VY e TN MWF 11:00-11:50, SPRING 2007

nnnnnnn

Peter \ranas

ANSWER SHEET FOR PRACTICE EXAM #1

Name:

PROBLEM 1
(a) (b (©) (d) (e) D (8) (h) (i) @®
FALSE | FALSE |TRUE |TRVE | TRUE | TRUE | TRUE |TRUE | TRve | FALE
- PROBLEM 2
(a) (b (c) (d) (e)
A D E A B
PROBLEM 3
@) () (© (d) ©
E D A D .
PROBLEM 4
P { x+[Vx V[ (Ry 8 Vz(Czx ~+Syz)) —> V(L —Syw) ] 1}
_I_’ROBLEM 5
(1 F(c) = Fle) ( Ro)
2) =p Flc),~ Fc) (€Za), (£)
(3) = Fa )V Fee) (R3), (2)
4 ~ (ECNNF)) => (R2b), (3)
(3) I (FOOVa ) = (&4l (4]
(6) = M I (FOINNFOX) (R, (5)
@) w2 VX (F(X)VFH) (€)




PHILOSOPHY 511: PETER B. M. VRANAS
SYMBOLIC L.OGIC WihRE MWF 11:00-11:50, SPRING 2007
Name: PE'LE(‘ \f(ma 5
ANSWER SHEET FOR EXAM #1
PROBLEM 1 :
(@ (b) () (D (&) (@ €3] (h) @) )
|FALSE | TRUE. | TRUE [FALSE | TRVE | FASE | FAlse. | TRVE | FASE | FALSE
' B " PROBLEM 2
_(a) (b) (©) (d) (e).
E A E b C
PROBLEM 3 :
(@) (b) © @ (e)
E A A B8 E
PROBLEM 4

| V= Yy {(R}(&f’g) —[Wxy <> Ja(PzL Sxzg Y VV(( Cwipd Cvza)—> W=V ))]El

PROBLEM 5
1) cC=e =p = CRo)
(2) “es o (R’J‘Jd)
3) T = 39(@@) (RS), (2)
(4) _ N'RU'(C"H') = (KZL); f3)
(5) Hx Ay (x=y) => - (Rs), (4)
(6) , _ =3~ Axer A =Y (€2a),(5)

()

= iy (x=y)

@)




" PHILOSOPHY 511:

PETER B. M. VRANAS

SYMBOLIC LOGIC VY e NN MWF 11:00-11:50, SPRING 2007
Name: P ¢ ‘
ANSWER SHEET FOR PRACTICE EXAM #2
| PROBLEM 1 ,
1 2 3 4 5
FALSE FALSE TRVE TRUE FALSE |
6 7 8 9 10
L FALSE TRVE _ FAMSE | - TRVE. FALSE.
11 12 13 14 15
TRUE TRVE FALSE. TRVUE. , FAHSE.
. PROBLEM 2
1 2 3 4
5 6 7 8
(s} J° A F
| PROBLEM 3 '

W (Sx —»(Hx <> Wy (Myx <—=-.(Sg 2~ Yz (Zi‘*d‘_’Mi‘@))))




PETER B. M. VRANAS

PHILOSOPHY 511:
MWF 11:00-11:50, SPRING 2007

SYMBOLIC LOGIC
Name: Pﬂ'{’@( \/Vd\ﬂ_ds
ANSWER SHEET FOR EXAM #2
PROBLEM 1
1 2 3 4 5
FALSE TRUE. TRVE. TRUE TRUE
6 7 8 9 10
FALSE TRVE FALSE TRVE TeE |
11 12 13 14 15
TRVE TRVE FALSE EALSE. FALSE.
PROBLEM 2
1 2 3 4
F E T J
5 6 7 8
G J T J
PROBLEM 3
Foc g ((Px2Pg) —> ( Dxy <>( FvAW(NY ANV #NAGIR GGy 2l




PETER B. M. VRANAS

PHILOSOPHY 511: ;
LEIZIIE MWF 11:00-11:50, SPRING 2007

SYMBOILIC LOGIC WisEAEESN
Name: P e+ LA \/mwag
ANSWER SHEET FOR PRACTICE FINAL EXAM
PROBLEM 1
1 2 3 4 5
FALSE TRVE | TRue- TRVE. EALSE
6 7 1 8 9 10
|___TRIe | TRUE FALSE FALSE TRUE
1 12 13 14 15
FALSE TRVE. FALSE FALSE. TRVE
16 17 18 19 20
“TRVE TRVE TRVE TRVE TRVE
PROBLEM 2
! 2 3 4
LA 1 A | J T
T
5 6 7 8
H H T T
PROBLEM 3
¥x (Ex-—.aﬂg,((gx&ﬂz- (2#x Leyz))) = & Ixdy (Exs Ey x4 &ﬂzﬁzxﬂfzg))



PHILOSOPHY 511: PETER B. M. VRANAS

SYMBOLIC LOGIC . MWF 11:00-11:50, SPRING 2007
Name: P E+Bf V(dWAS
ANSWER SHEET FOR FINAL EXAM
PROBLEM 1
1 2 3 4 5
FALSE TRUE FALSE FALSE TRE
6 7 8 9 10
FALSE. TRUE FALSE FALSE. TRVE
11 12 13 14 15
TRUE FALSE FALSE FALSE TRVE
16 17 18 19 20
FALIE FALSE ~ FASE FALSE. FALSE.
PROBLEM 2
1 2 3 4
A T E F
5 6 7 8
T & J J
‘ PROBLEM 3
x (ng [LXg H(Pg g J2dw(Rz Rwlz4wY [y%?.(gw))) — Ox)




