
Math 201      24 September      

Review:  Prep for Test I    
 
 

The test will cover Hammack:  Chapters 1, 2 and sections 3.1 – 3.5 of Chapter 3. 

 
1. Let A, B, C be sets.  Using Venn diagrams argue that (𝐴 ∪ 𝐵) − 𝐶 ⊆ (𝐴 − 𝐶)  ∪ (𝐵 − 𝐶) 

 

2. Let P(x, y) be a predicate. Are the two statements below logically equivalent?  Justify your answer. 

∀𝑥 ∃𝑦 𝑃(𝑥, 𝑦) 

∃𝑦 ∀𝑥 𝑃(𝑥, 𝑦) 

3. Albertine is teaching Chem 105 this semester.  She has a total of 100 students in her class. Taking a survey (via Piazza) she finds 

that 28 students like dogs, and 26 like cats.  There are 12 students who like cats and dogs, How many students do not like cats or 

dogs? 

4. Three distinguishable dice are thrown.  In how many ways can the maximum of the 3 numbers occurring equal 5? 

 

5. If you are dealt a hand of 7 cards from a standard deck (without regard to order), how many ways can you have: 

(a)   A flush? 

(b)   3 pairs (excluding 4 of  a kind)? 

(c)   4 of a kind and one pair (excluding 3 of a kind)? 

(d)   4 of a kind and no other pair? 

(e)   No pair at all? 

 

6.   Vladimir, at point A, must meet Estragon at point B.  But first Vladimir must stop at the hardware store, point 
C, to purchase some rope.  In how many ways can Vladimir achieve this journey if he takes the shortest route in 

each of the two sub-trips?  
7. How many 10-digit binary strings are there that have exactly four 1s or exactly five 1s?   

 

8. Four hungry children are waiting for a snack. 

   

(a) In how many ways can 13 different candy bars be distributed among the 4 children? 

 

 

(b) [5 pts.]  In how many ways can 13 Kit Kats (indistinguishable) be distributed among the 4 children? 

 

9.  How many hands of 5-cards are there if the hand must contain 3 queens and 1 pair.  (Here order doesn’t matter.) 



 

 

10. Consider the statement, “If it is Groundhog Day or there is snow on the ground then there is snow on the 

ground.” 

a.  Translate the above statement into a proposition. Clearly state which statement is P and which is Q. 

b. Make a truth table for the statement. 

c. Assuming the statement is true, what (if anything) can you conclude if there is snow on the ground? 

d. Assuming the statement is true, what (if anything) can you conclude if there is no snow on the ground? 

e. Suppose you found out that the statement is a lie. What can you conclude? 

 

11. Create a truth table for the statement   
~ 𝑃 ∧ (𝑄 → 𝑃) 

What can you conclude about P and Q if you know the statement is true? 

 

12. Are the statements  
 𝑃 → (𝑄 ∨ 𝑅) 

and 
 (𝑃 → 𝑄) ∨ (𝑃 → 𝑅) 

 logically equivalent? 

 

13. Simplify each of the following statements (so that negation only appears just before variables). 

 
(a)    ~ (𝑃 → ~𝑄) 

(b)    ~ (𝑃 ∨ ~𝑄) → (~𝑄 ∧ 𝑅) 

(c)   ~ ((𝑃 → ~𝑄) ∨ ~(𝑅 ∧ ~𝑅)) 

(d)   It is false that if Albertine does not like horror films then Boris likes documentary films, and that 

Boris does not like horror films. 

 

 

14. We can also simplify statements in predicate logic using our rules for passing negations over quantifiers, 

and then applying propositional logical equivalence to the “inside” propositional part. Simplify the statements 

below (so negation appears only directly next to predicates).  Assume that P(x) and Q(x) are predicates. 

 

(a)  ~∃𝑥 ∀𝑦  (~𝑃(𝑥) ∨ 𝑄(𝑦)) 

(b)   ~∀𝑥~ ∀𝑦 ~ (𝑥 < 𝑦 ∧ ∃𝑧(𝑥 < 𝑧 ∨ 𝑦 < 𝑧)) 

(c) There is a number n for which no other number is either less than or equal to n. 

(d)  It is false that for every number n there are two other numbers, one larger than n, the other 

smaller than n. 

 

15. (a)   Is the following argument correct?  Explain. 

 

Lucky will buy a house only if Pozzo buys a car. Pozzo will buy a car only if Estragon buys a motorcycle. 

Estragon will not buy a motorcycle. So, Lucky will not buy a house. 

(b)  Write the negation of the following sentence.  Simplify as much as possible. 

p X q B r C   p ≤ r ≤ q 

16. For each of the five logical formulas, indicate whether or not it is true when the domain of discourse is the set of non-

negative integers, the integers, the rationals, or the reals. 



For example, in the set of all non-negative integers, there does not exist a number whose square is two, but in the set of all 

real numbers there does exist a number whose square is 3. 

Each section should have five T or F responses.   No penalty for guessing. 

  Domain of discourse (our “universe”) is the set of all non-negative integers. 

(a) ∃𝑥  (𝑥2 = 2)        

(b) ∀𝑥   ∃𝑦  (𝑥2 = 𝑦)  

(c) ∀𝑦   ∃𝑥  (𝑥2 = 𝑦)   

(d)  ∀𝑥 ≠ 0   ∃𝑦  (𝑥𝑦 = 1)  

(e) ∃𝑥 ∃𝑦  (𝑥 + 2𝑦 = 2) ∧ (𝑥 + 4𝑦 = 5)    

 Domain of discourse is the set of all integers. 

(f) ∃𝑥  (𝑥2 = 2)   

(g) ∀𝑥   ∃𝑦  (𝑥2 = 𝑦)  

(h)  ∀𝑦   ∃𝑥  (𝑥2 = 𝑦)   

(i) ∀𝑥 ≠ 0   ∃𝑦  (𝑥𝑦 = 1)   

(j) ∃𝑥 ∃𝑦  (𝑥 + 2𝑦 = 2) ∧ (𝑥 + 4𝑦 = 5)   

     Domain of discourse is the set of all rationals. 

(k) ∃𝑥  (𝑥2 = 2)   

(l) ∀𝑥   ∃𝑦  (𝑥2 = 𝑦)    

(m) ∀𝑦   ∃𝑥  (𝑥2 = 𝑦)    

(n) ∀𝑥 ≠ 0   ∃𝑦  (𝑥𝑦 = 1)   

(o) ∃𝑥 ∃𝑦  (𝑥 + 2𝑦 = 2) ∧ (𝑥 + 4𝑦 = 5)   

 Domain of discourse is the set of all reals. 

(p) ∃𝑥  (𝑥2 = 2)   

(q) ∀𝑥   ∃𝑦  (𝑥2 = 𝑦)  

(r) ∀𝑦   ∃𝑥  (𝑥2 = 𝑦)   

(s) ∀𝑥 ≠ 0   ∃𝑦  (𝑥𝑦 = 1)  

(t) ∃𝑥 ∃𝑦  (𝑥 + 2𝑦 = 2) ∧ (𝑥 + 4𝑦 = 5)  

17.    Introducing appropriate predicates, express each of the following statements in first-order predicate logic.   Assume 

that the universe of discourse is the set of all people who live in Illinois. 

(a) Someone walks and talks. 

(b) Someone walks and someone talks. 

(c) Everyone who walks is unable to talk. 

(d)   No one who talks can walk. 

(e) No one can both walk and talk. 

 

18.  Use a truth table to determine if the following statement is always true: 

~𝑝 ⇒ ((𝑝 ∧ ~𝑞) ⇒ (~𝑝 ∨ 𝑞)) 

19. Consider the set of all binary sequences of length 10.  How many such strings exist if 

(a)  No condition? 



(b)   Exactly three 1s? 

(c)   First digit and last digit must be 0? 

(d)   First digit or last digit must be 0? 

(e) The sum of the digits is 7? 

 

 

 

 
 

 


