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You have 50 minutesto do thefollowing test. Thetestis worth 50 marks;you shouldtry to earn
onemarkperminute.No aids(calculators,notes,etc.)arepermitted.Youcanusethebacksof the
pagesfor roughwork.

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

(b) (5 marks)Show thatthelogicalexpression� q � � p � � �
p � q � is a tautology.

(c) (5 marks)Show that,for any two setsA andB, Bc � Ac � �
A � B � c.

2. (5 marks)Let f : 	 be definedby f
�
n � � 3n 
 1, and let g : 	 be definedby

g
�
n � � 5n 
 1. Show thatthetwo compositionsf � g andg � f arenotequal.

3. (10 marks)Determinewhetherthe function f : 	 given by f
�
n � � n2 
 n 
 1 is a

surjection,injection,and/orabijection.

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

(a) (5 marks)Prove that f � g is neveraninjection.

(b) (5 marks)Give anexampleof such f andg whereg � f is an injection. (Hint: S must
beinfinite; take S � .)

5. (5 marks)Is thefunction f : 	 definedby

f
�
n � � n2 
 3� n odd

6n 
 2� n even

aninjection?

6. (5 marks)Supposeyou have a function f : S 	 S with the propertythat, givenany x 
 S,
thereis a k 
 suchthat f k �

x � � x. Show that,if S is finite, f mustbea bijection. Bonus:
whatcanyousayif S is infinite?
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