assume(n > 0, n, integer); getassumptions (n);
{n~:(AndProp (integer, RealRange(1, ©)))}

Pi Pi Pi
sawltooth = x—>pl'€C€Wl:S’€(}€ <-2P1,0,xr <- Tl, xr+2PLx<- 71, xr+Pix< 71, XX
3 Pi
< Tl,x— Pi,x < 2Pi,x—2Pi);
) . 3 1 1 3
x—pilecewise| x < -2w,0,x < - > T, r+2ma< ey Txr+max< 5 T, x < 5 T, X
-, < 2n,x—2nj
p/ol[sawloolh (x), x=-2 Pi..2 Pi, tickmarks = | spacing [ g ] , default j;
#H AR AR A We computed the Fourier coefficients for this function in class.
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p/w[ sawtooth (x), sum[ sin(2m-x), m=1 ..5] , x=-2 Pi1..2 Pi, tickmarks
m

\

spacing [ ; J , default
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# A AT change the m to see different Fourier sums, try m=171..10

triangle = x— piecewise(x < -Pi,-2(x+ Pi), ¥ < 0,2(x+ Pi),xr < Pi,-2(x— Pi),x < 2Pi, 2(x

—Pi));

x%pzécewz&e(x< -, 22, < 0,2x+2mx<m -2x+2W < 2n,2x—2n)

p/ol[lrz’a/zg/e(x), x=-2Pi..2 Pi, tickmarks =

)

spacing [ % ] , default
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X

“~ 2pi
1 . R
= sz’mp/yj/( Elhl(irz'ang/e(x) -sin(7-x), x=-P1..P1) );

dOZTC

##At We':ll let Maple compute the Fourier coefficients this time

2T

(©))

R 1 R
int (triangle(x), x=-Pi.Pi);a = sz’mp/yj/( ﬁzht(lrz'a/zg/e(x) -cos(7z-x), x=-Pi..Pi) ); b,

(C))



plot [ triangle(x),

1
2P mnt(triangle(x), x=-Pi1..P1) + sum( Elht(z‘m'cmg/e(x) -cos(m-x), x=-Pi

1
.P1)-cos(m-x) + Elh[(lﬁang/e(x) -sin(m-x), x=-Pi.P1)-sin(m-x), m=1 ..5) ],x=—2 Pi
; T
spacing ( ?), default j;

#H#HHAHAR  Note that the approximations become good quicly, due the the quadratic decay of the
coefficients.

.2 Pi, tickmartks =

T T T
-2n  3m -T T T T 3n 2r
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3 Pi Pi Pi
square = xﬁpzécewzlye(x <-2P1,0,x <- Tl, 1,y <-P,0,xr <- 71, 1,x<0,0,x < 71, 1, x

< P10, r < %, 1, x < 2Pi, 0, l);
O O O O O R A AR AR AR A R A i

3 1 1
x%pzécewz&e(x< -2m, 0, < —?n,l,x< -, 0, xr < —?n, ,x<0,0,xr< ?n,l,x )

3
<m0,x< 2n,1,x<2n,0,1j



p/ot[square(x), x=-2P1.2 Pi, tickmarks =

J

spacing ( g ), default
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4= 5pi int(square(x), x=-P1..P1);

a =~ (6)

1
a,= sz’mp/yj/( Ez’m‘(square(x) -cos(z-x), x=-Pi..P1) );
a =0 @)

7
1
b,= sz’mp/yj/( Ez’m‘(square(x) -sin(z-x), x=-Pi..P1) );

- 1
(-1)” —2005(2n/7~) + 1

b = ®)
T 71~

1 R 1 .
square(x), ~—mt(square(x), x=-P1.P1) + sum( ﬁlhl(square(x) -cos(m-x), x=-P1

lot
po[ 2P1




1
.P1)-cos(m-x) + Ez’m‘(square(x) -sin(m-x), x=-P1..P1)-sin(m-x), m=1 ..5) ,x=-2Pi

.2 Pi, tickmartks =

“ .

spacing [ g ) , default
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# Gibbs phenomemon
# sawtooth wave from the book

) 1 ) 1 )
booksawtooth = xﬁpzécewz&e(x <-2Pi,0,x <0, E'(-Pl —x),xr <2Pj, ?'(Pl —x) J;
. ) 1 1 1
x*plecewzse(x< -2m, 0, xr <O, —En — ?x,x< 2T, 77t — jx) )]

T

plot [ booksawtooth (x), x=-2 Pi.2 Pi, tickmarks = >

) , default

)

spacing (



1.5 1

0.5 -

1 1
5 (Pi—x)-.28, —-(Pi—x) + .28, booksawtooth (x), int (booksawtooth (x), x=-Pi

Jot !
e 2 2 Pi

1
.P1) + sum( Ez’m‘(bookmwfootﬁ(x) -cos(m-x), x=-Pi..Pi)-cos(m-x)
1
+ Flh[(bookmwlaaz‘/z(x) -sin(m-x), x=-Pi1.P1)-sin(m-x), m=1 ..2) ], x=-2Pi1.2Pi,

1 J;

ltickmarks =

spacing ( % ) , default



#H##  As the Fourier sums approach a discontinuity they tend to overshoot the function first and then dive
down. Furthermore, the amount by which they overshoot limits to a constant, and the location of the
overshoot tends towards the discontinuity. This is called the Gibbs phenomenon. The book calculates
the amount of overshoot in this example to be .28. The two parallel lines are .28 above and below the
sawtooth wave. Try some different Fourier sums and notice that there seems to be a bump that travels
along one of the parallel lines towards the discontinuity at the y-axis (or at 2Fi).



#tatHHt  Here's the homework problem that caused Maple some trouble
halfs == x—max([sin(2-x), 0]);p/ol[ [halfs(x), sin(2 x) |, x=- Pi.. Pi, zickmar#ks

spacing [ % ] , default |, discont= true, color = | black, red |, thickness = (3, 1 ]);

x—max([sin(2.x),0])

1_

0.5 -

1 s
4= i int(halfs (x), x=-Pi.Pi)




T

J max (0, sin(2.x) ) dr

1 -
a, = — 10
=5 - (10)
I R
a, = evaﬂ( 7P int(halfs (x), x=—P1..P1)j;
a,=0.3183098862 (11)
# a
n
a”ZSimp/yj/(%z’m‘(/za/s(x)-cos(ﬂ-x),xz—Pi..Pi));
L
J max (0, sin(2 .x) ) cos(z~x) dx
q =" (12)
' T
# Maple can't do the symbolic integration, try to help it
Pi Pi
a —szmp//j/( (mf[sm(2 x)-cos(zx), x=-Pi..- 7] + mf(O cos(7-x), A= Oj
. Pi ) Pi
+ mf(sm(2-x) cos(7-x), x= O..7 + mf(O-cos(n-x),x= > Pl] )j
2 ((-1)‘ +”~—ZCOS(;7I/7~) — 1)
= 13)
" T ( -4 + /7~2)
####  This expression is not valid for n=2/
1
for 7from 1 to 20 do «. —slmp//j/( (ml[ in(2-x)-cos(7x), r=-Pi..- —) (0 cos(7-x),x
Pi ) ) ) Pi .
=5 O) + mi(sm(2-x)-c0s(z-x),x=0..7) + mt(O cos(7x), xr= 2 — Pi )J) end do
a,=0
a,=0
a,=0
b= 2
4 3n
a; =
g =



o 2
8 15w
52920
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cz“:O
_ 2
12 351
a13=0
A1y~
15~
_ 2
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417~
4118:0
19~

2
4 = -
20 9 1t

# b

n
1
b,= sz’mp/yj/( Ez’m‘(ﬁa/s(x) -sin(z-x), x=-Pi..P1) );

T

J max (0, sin(2 .x) ) sin(z#~x) dx

T

1 Pi 1
bnzsz'mp/yj/(ﬁzhl(sinﬂ x)-sin(z-x), x=-Pi..- —1) + —.lhf(sin(Z x)-sin(7-x)

2
b =0

7

Pi

##  That's fishy, there ought to be a non-zero sin(2x) term.

(14)

15)

Pi
=0.— | |;
=05 )

(16)



P O S . I | I (. : . Pi
bz—szmp/zﬁ/( P mi(s1n(2x) sin(2-x), r=-Pi.. > J+ Pi mz(s1n(2x) sin(2-x),x=0.. 2 )J

p-L 17

2 2
. Y T o . Pi . o
for /from 1 to 20 do &, = szmp/zjj/( P (ml[sm(Z-x) -sin(7-x), x=-Pi..- 7) + mf(O-sm(l-x), xX=

- %Oj + ,h;[sm(z-x)-sm(f-x),x:0..%) + z'nt(O-sin(z’-x),x= PTi..Pi) )J end do
a,=0
It
2 2
a,=0
a,=0
a;=0
a,=0
a,=0
a, =0
ay=0
a,,=0
a,=0
a,=0
a,=0
a,=0
a,s=0
a,,=0
a,=0
a,,=0
a,4=0

@y, =0 (18)



1
halfs (x), int(halfs (x), x=-P1..P1) + sum( Ezhl(ﬁa/s(x) -cos (m-x), x=-P1.P1)

1
2 Pi

#p/ot[
,x=-2P1..2 Pi,

cos(m-x) + %im(ﬁa/s(x)-sin(m-x),xZ—Pi..Pi)-sin(m-x), m=1 ..100)

Hnckmarfks =

L
spacing ( > ) , default J ; # Maple won't be able to compute this

1 1 Pi
p/ot[ halfs (x), P int(halfs (x), x=-Pi..P1) +sum((Ez’m‘(sin(Zx)-cos(m-x),,r:—Pi..—71)

i
, x=-2 P1..2 Pi, tickmarks

1 Pi
+ Fint[sin@ x)-cos(m-x),x= 071) j cos(mx), m=1 ..100)

i
. T

spacing [ > J , default ) ;

(in SumTools:-DefiniteSum:-ClosedForm) summand is singular

Error,
in the interval of summation
###  The previous expresson gives me an ervor about summand being singular, but that's because the

expression for a  is not valid for a,

1 R I . 1 .
p/oz[ halfs (x), 2P int(halfs (x), x=-P1..P1) + 5 sin(2-x) + sum([ﬁz'nt(smﬂ x)-cos(m
. Pi L. (. Pi .
x),xr=-Pi..- 7) + Em;(sm@ x)-cos(m-x), x= 07) j cos(m-x),m=3 ..3) ,x=-2P1
.2 Pi, tickmartks = | spacing [ g ) , default j;
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plot [

1 1 1
halfs (x), ﬁz’m(bcz/s(x),x=—Pi..Pi) + 5 sin(2-x) + sum([ﬁzht(sinﬁ x)-cos (m

Pi 1 Pi
x),x=-Pi..- —1) + —.z'nl(sin(Zx)-cos(m-x),xz0..—1)j-cos(m-x),m=4..4) ,x=-2Pi

2 P1 2

.2 Pi, tickmartks =

spacing [ ; ) , default
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X
lot| | hal) 1 nt (hal ——P'P'+L-'2- + L'f'2 :
plo as(x),zPim( alfs (x), x=-P1..P1) 7 sin(2-x) sum((Pim (sm( x)-cos(m

Pi 1 Pi
x), x=-Pi..- 71) + ﬁlhf(sin(Z x)-cos(m-x),x= 071) J cos(m-x), m= 4..20)

s A=

-2 Pi..2 Pi, tickmarks =

spacing [ % ) , default
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-2n  3m  -m @ 0 kg T 3n 2m
2 2 2 2
X
| . Pi L. (.
p/ol[ halfs (x), (Em;(sm(Zx)-cos(4-x),x=—P1..— 7) + Emt(s1n(2x)-cos(4-x),x=O
Pi L (. _ o DI R . .
..TJJ'COS(4'}(), (Emt(sm@x) cos(8-x), xr=-Pi.. 7 ) + i mt(sm(2x) cos(8-x),x
Pi 1 (. _ . Pi R _
—O..Tj)-cos(S-x), (Elm‘(sm@x) cos(4-x),x=-Pi.. > j + Pi mz[sm(Zx) cos (4
Pi Lo o Py 1
-x),x—O..T))-cosM-x) + (Emf(sm&x) cos(8-x), xr=-Pi.. > ) + Pi mz‘(sm(2x)

N
-cos (8-x), x= o..%) ) -cos (8-x) },x=-2 Pi..2 Pi, sickmarks =

J

spacing ( % ) , default



Al Mm ﬁ

\ \ | LA\ |
-2 _37‘ T T T T
2 2

1 P 1
p/oz[ halfs (x), (Emz sm (2x)-cos(4-x), x=-Pi.. —TIJ + Ezht(sin(Zx)-cos(4-x),x=O
) cos(4-x) Pi int| sin(2.x)-cos(8-x),x L= pi 7 sin(2.x)-cos(8-x),.x

)

”
- o..%) ) .o (8-x) },x=—2 Pi..2 Pi, tickmarks =

spacing ( % ) , default
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