
In Class Practice Logic Exam,
Second Portion
Symbolic Logic 4040, Fall 2017

Name: Answer Key

Instructions: Complete the following problems on this sheet. Please write
neatly and in complete sentences.

A. Give a complete truth table for the following sentences

1. ¬(A ∧B)
2. (P ↔ Q) ∨ ¬Q
3. ¬F → R

A B ¬ (A∧B)
T T F T T T
T F T T F F
F T T F F T
F F T F F F

P Q (P↔Q) ∨ ¬Q)
T T T T T TF T
T F T F F TT F
F T F F T FF T
F F F T F TT F

F R ¬F →R)
T T F T T T
T F F T T F
F T T F T T
F F T F F F
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B. Use a truth table to explain whether the sentence ¬(W ↔ V ) → ¬(¬W ∨V )
is a tautology, a contradiction, or neither.

V W ¬ (W↔V )→¬(¬W ∨V )
T T F T T T T
T F T F F T FF T T

The above two lines of the truth table for ¬(W ↔ V ) → ¬(¬W ∨ V )
can show us that it is neither a tautology nor a contradiction. The first line
represents the truth valuation where V is true and W is true, and because
the antecedent of the conditional is false, on that valuation the conditional is
true. Because there is some valuation on which the sentence is true, it cannot
be a contradiction, because contradictions are false on every valuation. The
second line represents the truth valuation where V is true and W is false.
On that valuation, the antecedent is true and the consequent is false, so the
entire sentence is false on this valuation. Tautologies are true on every truth
valuation, and so this sentence is also not a tautology. We don’t need to look
at the other valuations.
Note: There are other lines on the complete truth table for this TFL sentence
that could be used in an equally good explanation.

C. Use a truth table to explain whether the sentence the following argument
in TFL is valid:

1. M → (P ∧ ¬M)
2. ¬P
.˙. M ∨ P

M P M → (P ∧¬M) ¬ P M ∨ P
T T T F T FF T
T F T F F FF T
F T F T FT
F F F T TF F FF

For the argument to be valid it must be impossible for the premises to be
true while the conclusion is false. To use a truth table to check for this, we
want to look at all the lines where both premises are true and make sure the
conclusion isn’t false on any of those lines. The table above shows that there
is a possible way for the premises to be true and the conclusion false. When
M and P are both false, the truth table shows that both premises are true, but
the conclusion is false. So, the argument is invalid.
Note: You do not need to give a complete truth table unless you are explicitly
asked to, or it is needed for the explanation you’re giving. When told to use a
truth table to give an explanation, you only need to complete the lines and spaces
you need for your explanation. You won’t be counted off for giving complete
truth tables, but you will need to clearly state which portions of the truth table
are being used in your explanation.
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D. For each of the following: (a) Is it a sentence of FOL, allowing for relaxed
bracketing? (b) If not, state what the problem is.

1. ∀x(Mx → Mt)
2. Pae
3. ∀x∃y(Pxy → Ra)
4. ∀x(Fx) → Lax
5. a = ¬b

1. This is not a sentence in FOL because t is a variable letter in FOL, and
here is being used either as a name or as a variable without a quantifier.

2. This is a sentence in FOL.
3. This is a sentence in FOL.
4. This is not a sentence in FOL because the quantifier in the consequent is

not within the scope of a quantifier.
5. This is not a sentence in FOL because you can’t negate names in FOL, and

you can’t put negated names into predicates, even the identity predicate.

Note: Make sure you check that variable letters aren’t used as name letters,
that every variable letter has an associated quantifier, and any quantifiers with
overlapping scope have different variable letters. Don’t forget to make sure that
all the same rules that held in TFL are met, too.

in
E. Using the following key, explain when the following FOL sentence is false:
∃z(Dz ∧ Laz)

domain: all people
Dx: x is dapper.
Lxy: x loves y.

a: Ashley

∃z(Dz ∧ Laz) is a sentence where the existential quantifier has scope over the
rest of the sentence. It says that there is something in the domain that is
dapper and loved by Ashley. So, it is false if there is nothing in the domain
which, if we replaced its name for z, would make the resulting sentence true.
Put another way, there is no person in the domain who is dapper and loved
by Ashley. There could be dapper people and people Ashley loves, but so long
as there’s nothing in the domain (so, no person) with both properties, the
sentence is false.
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F. Give a symbolization key and symbolize the following sentences in FOL.
(Remember: symbolization keys in FOL need domains, names, and predicates.
Please keep all entries in the key in one place.)

1. Leslie is a tourist.
2. Susan is annoyed by tourists.
3. If no one annoys Leslie, she’s a saint.
4. There are at least two saints.
5. Susan is annoyed by anyone who is annoyed by Leslie.

domain: all people
Axy: x annoys y.
Tx: x is a tourist.
Sx: x is a saint.
l: Leslie
a: Susan

Note: I’ve assumed in the following that x being annoyed by y is
the same as y annoys x. You want to keep your keys as simple
as possible while still capturing as much of what is said in the sentences
you’re symbolizing as possible.

1. Tl
2. ∀x(Tx → Axa)

Note: ∃x(Tx ∧ Axa) would get partial credit, but is too weak: it just
says that there is a tourist that annoys Susan. The claim is stronger.
∀x(Tx → Axa) is maybe a little too strong. It’s typically compatible with
”Susan is annoyed by tourists” that there are maybe some tourists who
are non-annoying. We don’t have a way to express typicality in FOL.

3. (¬∃yAyl → Sl)
Note: outside brackets are optional, any additional brackets will lose
points because they will either change the meaning, or make the answer
not a sentence of FOL according to our rules.

4. ∃x∃y(Sx ∧ Sy ∧ ¬x = y)
5. ∀x(Alx → Axs)


