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Assumption Throughout the tutorial
,

f-
 It  if :[ -

A , Tl ] → Cl

is a complex - valued 21T -

periodic integrable function

with Fourier series St ) = II.
 
fine

"



Q1 ) I Ex 2
,

Q 4) Suppose in  addition
,

f is

differentiable

such that f
'

: E - 7,7 ] → E

satisfies

the Assumption .

Show  that Fln ) =
 in Fcm

,
tf  n EI

Sol ) Method I : Assuming integration by parts for  complex - valued functions
.

Fact For  
any

such functions 9 ,
h :  E-  IT .

IT ] → E
,

IT

f.
 
a

g' lxlhlxldx  = [ glxihlxl ] -

glxihllxldx

Fact

.

'

. 21T I '

( n , = f Ttx ) e-
 in  

×d×  = [ fly e-
 in ''

] - I fix , fine
- i "

) dx  =  in  it Fin ,

Method 2 :

Using integration by parts  for real - valued functions
.

21T Fln , = S Ttx ) e-
 

index  = I fi Ix ) ti  fix ) ) I cos  nx - is  in  nx ) dx

= S x ) cos  nxtficxisinnxdx  
t  is HIx ) cos  nx

-filmsinnxdx

= { [ fix ) cos  nx  + fix  sin  nx ) - S H,

Ix ) I -nsinnxltfzlx ) Incosnx )dx }

+ I { [ EH) cos  n  x
- tha sin  nx ] - S # x ) I - n  sinned - f

,
Cx )lncosnxldx }

=h( S H,

Ix ) sinnx-fzlxvosnxldxt is Hdx )sinnxtffxicosnxldx

= in I f
,

lxstifzlx ) ) I cos  nx - is  in  nxjdx = in 121T Fl m )



Q2) I Ex 2
,

Q

7)
Define F :  I -

Tiny ] → E by fan =

fifth
dt

(a)
Show that F  is 21T periodic ⇐ Fios = O

(b)Suppose in  addition
,

-5 is continuous with Fios -

- O
,

show that

F satisfies  the Assumption  with F- IN = it Fcn )
,

f  ht O

Sol ) lat Note  that Fixx zit ) = I
 "

fthdt = S kid t t

 "

THI de

= F I x ) t f fit ) dt  = Flat 21T Flo )

i
. F  is 21T - periodic ⇐ FIH = Fat  2h

,

f  x GET
,  a ] Flo )  =  O

(b) Since -5 is  continuous
, by Fundamental Theorem of Calculus

,

F is differentiable on E-  IT
,

 IT ] with F
'

Ix ) e  fix )

satisfying
the Assumption .

Moreover
,

since Flo ) -

- O
, by (a)

,

F also satisfies  the Assumption .

.

'

. By Q2
, Fins  = In ) =  in F- IN

,

Fn EI

.

'

.
V  n  to

,

Fink it Fins
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Q 3) I Ex 2
, Q1O ) Suppose in  addition

,

f is Lipschitz continuous .

Show that there  exists C > O such that for  
all into E I

,

Funk  

Em
Sol ) Since  5 is Lipschitz  continuous

,

I L > O such that for  all x.  y
E  E - T.TT

,

tax )  - fly ) I E L Ix - yl
.

Note that for  all n  to
,

21T Fcn ) = fix , e-
 i

"d×

I Put x=  y + In ) = S
.

fly t  

En
) e-

 in "
-

 '

⇐
'

dyIT

= - fly tIn ) e-
 in

Ydy

.

-

. FinkIT IIfthx ) -

flxt
he

-

inxdxl )

E IT
,

I -5kt
- Sixten Ille

'

inxldx

E HTT .

2T ' HIT= Imi= Fm by setting
C-IL


