Advanced Calc
MAA4102 & MAA5104

31 August, 2015

Home-o Prof. JLF King

Definitions. Say that two integers p and ¢ (not
both zero) are relatively prime, written p L g,
if Ged{p,q} is 1. A rational is in LCTerms
(lowest common terms) if p L q.

A rational number z is a dyadic rational if, in
LCTerms, it is p/2", with p € Z and n a natnum.
Thus each integer k is dyadic, since k = k/2°.
Also =5 and i are dyadic rationals, but 15 18 not,
and ne1ther is 7 nor v/32. Use cty and dzscty to
abbreviate “continuity” and “discontinuity”.

Suppose that B is a set of reals (such as an inter-
val) and we have a function f: B—R. Let Cty(f)
denote the set of z € B at which f is continuous.
Let DisCty(f) denote the set of z € B at which f
is discontinuous.

For a set S C R, let 15 denote the “indicator
function of S”: For x € R\S, then, 1¢(z) = 0.
And 1g(x) :==1, for x in S.

Advice. Carefully follow the writing style de-
scribed on The Checklist. Print a copy of your
essay(s) each day, so that you always have a pa-
per copy. Each team member is responsible to
understand everything that the team hands in.

al: Fix two arbitrary sequences a and b. Define

P(N) :==anby +an—1b1 + an—2b2 + - - + aobn
and
Q(N) = agp - [bo+ - +bn_1+bn]
+ [a1 —ao] - [bo + -+ + bn-1]
+ [ag —a1] - [bo + -+ + bn—2]
+ [ag —az] - [bo + -+ + bn—3]

+ [any—1 — an—2] - [bo + b1]
+ [CLN — aN_l] b .

Use induction on N to prove the summation formula
P(N)=Q(N), for N=0,1,2,....

a2:  Show no work for this problem. (No partial

credit.) Each function below is R—R.

Let S be the set of reals {nTH}ZO:1 Then
DisCty(1g) = .

b

0 Cty(1g) = -

a3: Let D C Q be the set of dyadic rationals. Define
the ruler function r:R—R by:

L if z e D and = 2 in LCTerms;
r(z) = <1 1 :
0 ifzeR~D.
Thus r(0) = 1 and r(52) = 35 and r(3) = 0 and
r(mw) =0.

is discontinuous at « IFF =z is a

In particular, for each dyadic P,
give a “witness of discty of r() at P”. lLe, give
a particular positive number ¢ := Formula(P) and
sequence x = Formula(P), such that

Prove that r
dyadic rational.

Vn: |r(1‘n) —r(P)| > e,
yet lim(x) equals P.

ad: Give an example of a sequence b of integers, so
that for each positive integer L, there is a list (ny) 5o,
so that limy_, . by, equals L.

ab: Create an interesting AdvCalc problem, then
carefully solve it.
next exam.) Also acceptable: Pick a new interesting
problem from the text, and solve it.

(I may put such a problem on the

I End of Home-«




