CONCEPTS OF MATHEMATICS, SUMMER 1 2014
ASSIGNMENT 5

Due Friday, June 6 at the beginning of class. Make sure to include
your name, Andrew ID, and the list of your collaborators (if any) with your
assignment. You may discuss problems with others, but you may not keep
a written record of your discussions. Please refer to the syllabus for details.

PROBLEM 1 (20 POINTS): DIVIDING

Assume n, m, and k are integers. Prove or disprove:

PROBLEM 2 (20 POINTS): THE WELL-ORDERING PROPERTY

Recall that a is a minimal element of X C R if a € X and for any b € X,
a <b. Show that any non-empty subset of N has a minimal element. Hint:
Prove by strong induction on n that any subset of N which contains n has a
minimal element.

PROBLEM 3 (20 POINTS): THE POOR MAN’S PRIME FACTORIZATION

Show that for every nonzero integer n there exists a unique natural num-
ber m and a unique odd integer k£ such that n = 2k. Don’t forget to prove
uniqueness! (For the problems in this assignment, you may use that if x is

a real number, m and k are natural numbers, then ™% = 2™ . zF and if

k— o k
m <kandz#0, "™ = 15)

PROBLEM 4 (20 POINTS): CODING ORDERED PAIRS WITH SETS

(1) For objects a and b, define (a,b) to be the set {{a},{a,b}}. Show
that for any objects a, b, ¢, d, if (a,b) = (¢,d), then a = ¢ and b = d.

(2) Prove or disprove:
(a) For all sets A, B,C,D: (AxB)U(C x D) =(AUC)x (BUD).
(b) For all sets A, B,C,D: (AxB)N(C x D)= (ANC)x(BND).
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2 ASSIGNMENT 5

PROBLEM 5 (20 POINTS): ON EQUIVALENCE RELATIONS

(1) Give an example of a set A and a relation on A which is reflexive,
symmetric, but not transitive.

(2) Show that the relation E on the set R defined by xEy if and only
if £ — y is rational is an equivalence relation. Is this still true if we
replace “rational” by “irrational”?

(3) Given an equivalence relation E on aset A and a € A, the equivalence
class [a|g of a is defined to be the set {b € A | bEa}. Write A/E for
the set of equivalence classes of F (in symbols, A/E = {x € P(A) |
x = [a]g for some a € A}). Show that for any a and b in A:

(a) a € [a]g.
(b) If aEb, then [a]g = [b]g, and if =(aFEb), then [a]g N [b]g = 0.
(c) A is the union of all sets of the form [c]g for ¢ € A.

(4) Given an equivalence relation E on a set A, show that there exists
a set B and a function f : A — B such that for all a,b € A, aFEb if
and only if f(a) = f(b). Hint: take B = A/E.

EXTRA CREDIT (20 POINTS): THE FIBONACCI SEQUENCE

For n a natural number, define the nth Fibonacci number a, inductively
by:

e ap = 0.
e a = 1.
® a4, =an_1+ap_oifn>2.
(1) Compute explicitly ag, a1, ag, ..., as.
(2) Show that a, = %, where ¢ = 137\/5 and ¢ = 1*2‘/5. Hint: First

show that ¢*> = ¢+ 1 and ? =1 + 1.
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