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Time: 50 minutes Name:
Instructor: Student#:

Dr. EdwardDoolittle Section:

You have 50 minutesto do eachof thefollowing questions.Thetestis worth a total of 50 marks;
you shouldtry to earnonemarkperminute.Pleasejustify all your answerswith proofsor exam-
ples,asappropriate.No aidsarepermitted.Usethebacksof thepagesfor roughwork.

The last two problemsaremuchharderthanthe others. You shouldattemptthemonly after
you have tried theothers.If hardlyanyonegetsthe last two problems,thetestwill betake out of
40 or 45 insteadof outof 50.

1. (a) (5 marks)Show thatthelogicalexpressions� � � p � q� and � q � p areequivalent.

(b) (5 marks)Show thatthelogicalexpression� q � p � � � � p � q� is a tautology.
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(c) (5 marks)Show that,for any two setsA andB, Bc � A � �
Ac � B� c.

2. (5 marks)Negatethe following sentence:If it is raining or snowing, thenit is cloudy and
cold. Do not just prepend“it is not thecasethat” to thebeginningof thesentence.
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3. (5 marks)Considerthefunction f : 	 definedby

f
�
n�
� n � 1� n odd

n 
 1� n even

Determinewhetherf is aninjection,surjection,and/orbijection.

4. Supposef : S 	 S is asurjection,but g : S 	 S is not.

(a) (5 marks)Prove thatg � f is neverasurjection.
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(b) (5 marks)Giveanexampleof functions f : S 	 Sandg : S 	 Swhere f is asurjection,
g is notasurjection,yet f � g is asurjection.(Hint: try aninfinite setS.)

5. (5 marks)Find setsA, B, andC whicharesubsetsof U � andfor which thesetrelation

A � � B � C��� �
A � B� � C

is false.
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6. (5 marks)Is thefunctiong : 	 definedby

g
�
n��� n2 � 3 n odd

4n � 8 n even

aninjection?

7. (5 marks)Show that,if f : S 	 S is a bijectionon a finite setS, thentheremustbea natural
numberk suchthat f k � x�
� x for all x � S. Bonus:whatcanyousayif S is infinite?


