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MATH221-001200530ProblemSet7

EdwardDoolittle
Due: Friday, November25, 2005
Let P bethe setof all peoplewho have ever lived. Pleasdill in Table 1 with yes/noanswersdentifying the

propertieof variousrelationson P x P. Here'brother’ meandull brotheri.e.,samemotherandfather;'sibling’
meandull sibling,i.e., samemotherandfather

| xRy | Reflexive? | Symmetric?| Transitve? | EquivalenceRelation?]
X isy'sbrother
xisy'ssibling

X isy'soldersibling

x andy have samédastname

Tablel: Propertieof varioushumanrelations

. Show thatthefollowing setsarecountable:

(a) Thesetof naturalnumberswhich eitheronemoreor threemorethana multiple of 7.
(b) Thesetof all pairsof integers(z;,z) € Z x Z.

(@) Shaw thata= 1++/2 andb = 1—+/2 areirrational.
(b) Show thata+ b andab arerational.
(c) Show thata— b anda/b areirrational.

Shaw how the previousproblemallows you to concludethatthe sumandproductof two irrationalnumbersare
sometimesational,sometimesrrational.

Shaw thatthefunction f : Q — Q definedby f(x) =1— ; is aninjection. Why is it not a surjection?Find a
left inversefor f.

Shaw thatif X is afinite setandg : X — X is asurjectionthenit mustalsobeaninjection.

Shcwthati+ 1 ! < 2y/nforallneN.
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. Provethat— + — +---+ ———— < 1foralln€ N. (Hint: it is sometime®asierto prove morethanwhat

1(2)  2(3) n(n+1)
is requestedthisis theinventor’s paradox.)

. Why canthediagonalmethodnot be usedto shawv thatQ is uncountable?
10.

Let Sbethesetof functionswhich mapN to N.

(a) Usethediagonalmethodto shav thatSis uncountable.

(b) It seemseasonabl¢éhatthesetof computeprogramss countableafterall, computeprogramsarestored
in files, andthe setof files is countablebecauseachfile canbe associatedvith a (possiblyvery large)
numberencodingthefile in binary. Show thatthis meanghattherearefunctionsf : N — N which cannot
be computedoby ary computemprogram.



