
Math 171: Proje
t on Fourier Series1 OverviewThe aim of this assignment is to give you pra
ti
e writing mathemati
al prose that is both readableand pre
ise.The subje
t of the proje
t is Fourier series. The 
entral part of the proje
t is to prove Fej�er'sTheorem. This theorem deals with the question of uniform 
onvergen
e of the Fourier series ofa fun
tion. The statement of the theorem 
an be found below, together with some details of themathemati
s involved.There are several rounds of revision for this assignment. The �rst is to give a 
opy of yourassignment to another student in the 
lass. Part of your grade will be the quality of feedba
k yougive to your partner in this phase. The papers will be then turned in a �rst time to me, at whi
hpoint 
omments and suggestions for improvement will be made. After the papers are returned, youwill be required to resubmit edited or rewritten versions. Editing is an integral part of the writingpro
ess.Important dates:Tuesday 11th of May. First draft given to peer in 
lass for review.Thursday 13th of May. Comments returned to peer.Tuesday 18th of May. Complete �rst draft due to me.Tuesday 25th of May. Assignments returned with 
omments.Tuesday 1st of June. Final rewritten versions due.Note: When submitting the �nal version, you must also submit your �rst draft, your peer review,your partner's review of your paper, and the tutor's 
omments on your �rst draft. Therefore, it isvital that you keep 
opies of everything.2 Parts of the paperYour paper should 
onsist of the following se
tions:� An Introdu
tion: an ideal introdu
tion gives a 
lear, 
on
ise, and a

urate overview of thepaper, presenting enough information to interest a reader in the rest of the work and persuadethem of its importan
e without presenting so mu
h that the reader is overwhelmed.� The Proof: an ideal se
tion 
ontaining the proof of a major theorem proves the theorem in a
orre
t, logi
al way; it provides any information that the reader is unlikely to already know (orshould be reminded of); and is laid out in a manner su
h that the reader always knows whi
hstep of the proof is being done, how it �ts into the whole proof, and its relative importan
ein the proof.� An Appli
ation: an ideal se
tion about an appli
ation explains the appli
ation 
on
isely in-
luding any 
ontext that may be useful for the reader to know; it demonstrates 
learly therelevan
e of the appli
ation to the main topi
; and does all this with just enough detail to
onvin
e the reader without so mu
h that the reader is 
onfused.3 Guidelines for WritingYour aim should be to make your paper understandable. You should imagine that another studentin the 
lass has asked for your help on this topi
.Use full senten
es. The only senten
e fragments that are a

eptable are headings su
h as \The-orem" and \Proof". You should not use symbols su
h as ), =) , () , *, nor should you use1



abbreviations su
h as \s.t." or \i�". These detra
t from the 
larity. It should be possible for some-one with basi
 mathemati
al knowledge to read your paper aloud without hesitating over symbolsor poorly 
onstru
ted senten
es.Di�erent parts of the paper have di�erent purposes and these lead to di�erent styles. In the�rst part, the primary aim is to interest a person in your paper, to give them an overview, but notto burden them with minuti�. In the se
ond part, the aim is to present the theorem and its proof.In this part, a

ura
y is paramount but it is not possible to be a

urate without being 
lear. In thethird part { the appli
ation { 
larity is again foremost.When proving the theorem, although the proof is in the book you should not regard this as a
opying exer
ise. The style adopted in the book is not the best style for this type of paper.4 Fej�er's TheoremIn order to understand the statement of the theorem, we need some additional 
on
epts. One wehave already met, two we will meet soon, and one we shan't 
over in 
lass. You may use all of these
on
epts without proof, together with usual properties of 
ontinuous fun
tions from f : [a; b℄ ! Rand usual properties of their integrals.De�nition 4.1 Let (V; d) be a ve
tor spa
e with a metri
. Let (sn) be a sequen
e in (V; d). De�nethe sequen
e (�n) by �n := 1n (s1 + � � � + sn). We say that (sn) (C; 1)-
onverges to s if (�n) ! s.We extend this to series by saying that �an (C; 1)-
onverges to a if the sequen
e of partial sums(C; 1)-
onverges to a.You will need the 
on
ept of uniform 
ontinuity. We shall en
ounter this for more general metri
spa
es later in the 
ourse, for this proje
t we only need to know it for fun
tions f : [a; b℄! R.Lemma 4.2 Let f : [a; b℄! R be a 
ontinuous fun
tion. Then for ea
h � > 0 there is a Æ > 0 su
hthat whenever jx� yj < Æ then jf(x)� f(y)j < �.In the usual � � Æ de�nition of 
ontinuity, the 
hoi
e of Æ depends on both x and �. What theabove lemma says is that Æ 
an be 
hosen independently of x (but it still depends on �).Lemma 4.3 Let C([��; �℄;R) denote the spa
e of 
ontinuous fun
tions from [��; �℄ to R. This isa metri
 spa
e with metri
: d(f; g) = supfjf(t)� g(t)j : t 2 [��; �℄g:We write this as a lemma sin
e it is not immediate that this is well-de�ned. However, for theproof of the theorem you may assume that this is so.We note that C([��; �℄;R) is a ve
tor spa
e and thus the 
on
ept of series is well-de�ned. Inthe book, the notion of 
onvergen
e in C([��; �℄;R) is 
alled uniform 
onvergen
e to di�erentiateit from various other ways of de�ning a metri
 on C([��; �℄;R).De�nition 4.4 Let f : [��; �℄! R be a 
ontinuous fun
tion. The Fourier series of f is the seriesof 
ontinuous fun
tions a0 +P(an 
osnt+ bn sinnt) where:an = 1� Z ��� f(t) 
os(nt) dt; bn = 1� Z ��� f(t) sin(nt) dt:With this, we 
an state Fej�er's theorem:Theorem (Fej�er's Theorem) Let f : [��; �℄ ! R be a 
ontinuous fun
tion with f(��) = f(�).Then the Fourier series of f (C; 1)-
onverges to f in C([��; �℄;R).The proof of the theorem 
an be found starting on page 632 in the 
ourse text.
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5 Rubri
The paper will be graded a

ording to the s
heme below. There are �ve 
ategories: introdu
tion,proof, appli
ation, overall presentation, and review and revision. In ea
h se
tion, there are fourmarks available, making a total of twenty. The spe
i�
s for ea
h mark are laid out below. Thiss
ale is in
remental. That means that to get, say, two marks on the introdu
tion you have to notonly satisfy the 
riteria laid out for two marks but also the 
riteria for one mark.Mark Criteria Introdu
tion1 Introdu
tion is present.2 Aims of the paper are stated. Broad area of mathemati
s to whi
h material belongsis stated.3 Aims of the paper are 
learly stated. Con
ise ba
kground information is explained.Relevan
e of subje
t matter is stated.4 A 
lear, 
on
ise, a

urate introdu
tion is present.Proof of Theorem1 Methodologi
al steps have been taken toward proving the result.2 Theorem is 
orre
tly proven.3 Relevant de�nitions are stated. Theorem is proved in a 
lear way with 
orre
t di�er-entiation to the steps.4 A 
omplete, pre
ise, 
on
ise and detailed proof is given. Where relevant, espe
iallyelegant or informative steps are highlighted.Appli
ation1 An appli
ation of the subje
t matter is given.2 The appli
ation is set in its proper 
ontext.3 The relevan
e of the subje
t matter to the appli
ation has been explained.4 The importan
e of this work to the appli
ation is evaluated.Overall Presentation1 Paper is legible with adequate spelling, pun
tuation, and grammar.2 Paper is neatly and 
learly presented with good spelling, pun
tuation, and grammar.3 Se
ondary sour
es are 
ited 
orre
tly.4 Segue between se
tions is smooth and logi
al.Review and Revision1 First draft, peer review, partner's peer review, and tutor's review are present.2 First draft has all se
tions, peer review 
omments on all se
tions of partner's �rstdraft (even if said se
tion is missing).3 Final version shows improvement in a

ordan
e with partner's review, where relevant.Peer review is 
ondu
ted a

ording to this rubri
. Tutor's re
ommendations have beenimplemented.4 Peer review gives pra
ti
al guidelines for improvement in partner's paper.
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