Homework Mathematics — Johannes Rossel

35.1.

flz) = {Z;” fgii c Egj;’)o],f(x +2k7) = f(2),k € Z

I will define here

a-x forx € [—m,0]

Jap(x) := {b-a: for z € (0, 1) ,fx+2km) = f(x),keZ

to write cases of f that have a specific a and b.

The general Fourier series looks somewhat like this:

A | ;
5 + nzz:l(ancos(nx) + bysin(nz))

First we should determine a,,:
1 ™
ap, = —/f(a:) - cos(nz) dx
™

= % (7ax - cos(nz) do + 7bx - cos(nx) dx)

-7 0
2 (&a- 0+ o)
= (-

ap requires some special treatment, though:

0 T
ap = 1 (/aa: -cos(0) dx + /bx - cos(0) da:)
i
0

—T

1/a 50 b o
= ;(5332|7r + §$2|o>

=2 (5m) 4 507)

This leaves us the b,,:
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by, = %/f(x) -sin(nx) dz

0 iy
= % (/aa: -sin(nx) dz + /bx - sin(nx) dx)
0

—T

= (@ (1) b (1))
_ _a;il—b (1)

We now get the following Fourier series:

s(z) = <b—a>+Z(b_“-<<—1>”—1>-cos<nx>—““’-

n2m n

flx) where f(z) is continuous
Z(b—a) forxe{kn|kecZ}

(@)
a = b = 1 yields the following series:

sua(e) = Y (<2 (1) sinr)
n=1
[ fi1(z) where fi 1(z) is continuous
10 forz € {kr |k e Z}

as well as the following graph:

-6 -5 -4 -3 -2 — 1 2 3

(—1)" - sin(nx))
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(b)

a = 0,b = 1 yields the following series:

[ foa(z) where fy 1(x) is continuous
3 forz e {kn |k € Z}

as well as the following graph:

-6 -5 —4 -3 -2 —11 1 2 3 4 5

(c)

a = —1,b = 1yields the following graph:

-6 -5 -4 -3 -2 —11 1 2 3 4 5

and the series:
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T o0
son :T;( 171 costun) )
where f_; 1(z) is continuous
forz € {kr |k e Z}
This leaves us for
— 1
2
—(2n+1)

which is essentially the Fourier series determined above for z = 0.

35.2
Let! > 0and

f(z) =2% 2z €[-1,1]

flz+2lk) = f(x), ke Z

The general Fourier series for this case is

ap = nmwx
5 Z (ancos + bnsmT)

with

1
a():j/xzdx

l

1
ap = /xQCObw dz
l l
—1
4l%cos(mn)  20%(7*n? — 2) - sin(mn)
m2n?2 + m3nd
412 (=1)"
m2n?2
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by, is simply zero, because f(x) is an even function and hencefoth can only be represented by a sum of

other even functions, so every coefficient before sin”7* has to be 0.

This leads us to the final result:

2 4% (— nmwx
f(z) = 13 4 772(7121) S——
35.3
(b)
vV =C[-1,1]

o(f.g) = / f(@) - g(a) dz

a1 = fi(z) = 1,02 = fo(2) =z, a3 = f3(z) = 2?
a 1 _i

lodl, — [T
1dx
I,

bo = ax — p(ag,e) - e
1

/ 1d 1
=x — - —dor - —
V2 V2

€] =

1 on
=Tt -
=z

¢ b2
2:
[[b2]],,
oz
Izl
B T
1
[z dx
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bs = a3 — p(as,e1) - e1 — p(as,e2) - eo

Ry E/@ sy V.

I
S
o
|
W I\,i

35.4

1(x) = \/g,fz(l“) = \/g'x’ﬁ(x) - g (ng_%>

F(@) = o(f. f1) - f1(x) + o(f, f2) - o) + (f, f3) - f3(2)

1

1
1 1 3 3
3 3
/x \/;dx \/;—i—/x 3 -z dx - \/;x
1
. 5 3 1 5 3 1
3. —_ 2—_ . —_ . _2__
+/x \/; (2”3 2>dx 2 (2”3 2)
21
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|7 =1 = VI = o, 120° = oth. 22" = ol 27

-1

2 6

7 25
2/
T35
~ 0.2138

711 = e 7 =]

z€[—1,1]

So all we have to do here is getting all extrema of f—r

3 ' 3
<5x — a:3) = —32° + 5

So we get four « we have to take a look at:

Thus we get:

7=, = s - 1] =3

z€[—1,1]

oo (Jorfin) ~(Jofion) ()

—1

[
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