Logic, Sets & Relations:  Test 1


     Name:  _______________________

May 7, 2007
1.  (8 pts)  Is the expression a statement, an open statement, or neither?

(a)  x + 5 = 12    _______________________

(b)  There exists a real number x such that
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(c)  
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    _______________________

(d)  1 is the loneliest number.    _______________________  

2.  (16 pts)  Translate each sentence to a more symbolic form (using quantifiers, variables, and logical operators).  The word “even” does not need to be translated.
(a)  There is a smallest natural number.

___________________________________________________________

(b)  There is a unique real number whose square equals zero.
___________________________________________________________

(c)  The sum of two integers is even whenever both integers are even.

___________________________________________________________

 (d)  The sets A and B are not disjoint (they have an element in common).

___________________________________________________________

3.  (6 pts)  Suppose that the domain for x has 50 elements.  If the given statement is true, how many elements are in the solution set for p(x)?

(a)  
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4.  (5 pts)  Let p(x, y) be an open statement involving the variables x and y.  Do the following statements have the same meaning?  Is a stronger than b?  Is b stronger than a?  Explain.

a:  For every x there exists a y such that p(x, y).


b:  There exists a y so that for every x, p(x, y).

5.  (20 pts)  Complete the statements of the following laws of logic from chapter 1.

(a)  ‘and’ is commutative:  p and q 
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(b)  ‘or’ is associative:  (p or q) or r 
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(c)  ‘and’ distributes over ‘or’:  p and (q or r) 
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(d)  contraposition:  p implies q 
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(e)  rephrasing ‘or’ with ‘implies’:  p or q 
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(f)  negations:  
~(p and q) 
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~(p or q) 
[image: image12.wmf]Û

________________________________




~(p implies q) 
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6.  (9 pts)  Is the given statement a law of logic?  If not, explain why not.  (If so, just say “yes.”)
(a)  ((p 
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(b)  ((p 
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(c)  ((p 
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7.  (10 pts)  Consider the following output table as specification for a logic circuit:

	p
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0

	q
	1
	1
	1
	1
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0
	0
	0

	r
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0

	s
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0

	Output
	1
	1
	0
	0
	1
	1
	0
	0
	0
	1
	0
	1
	0
	1
	0
	1


(a)  Represent the output table with a Karnaugh map.

(b)  Represent the output table with a logical expression using “~”, “
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”, and “
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”.  Simplify your expression to use as few logical operators as possible.

8.  (6 pts)  (a)  Rewrite as an equivalent  “or” statement:  “If p is false then q is false.”  

     (b)  Make a truth table to demonstrate the two statements in (a) are logically equivalent.  
9.  (12 pts)  Translate each sentence using the definitions given below.  You may use English, ideographic symbols, or a combination.  Hint:  You may need to take two or three steps to finish a translation.
Definition 1 (union, intersection): Let A and B be sets.  Then 

· 
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Definition 2 (image of a set under a function):  Let f be a function from X into Y and let A be a subset of X.  
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 if and only if there exists an x in A such that y = f(x).
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(b)   
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 (c)  
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10.  (8 pts)  Rewrite each sentence using contraposition.  Do not leave negation as a prefix for a compound sentence.  You may use English, ideographic symbols, or a combination.
(a)  
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 only if x = y.
(b)  If x is not prime then x is composite.
(c)  Is the contrapositive form of an implication always logically equivalent with the original implication?  ________  Explain briefly:
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