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Friday Aprit 21
Fourier Series and the heat equation
General set up:
> restart:with{plots}:
> a:=n->2/L*int (f{x) *cos{Pi*n/L*x),x=0..5L):
#for a cosine series. We use X for the space variable,
#so that we have t for time
hi=n->2/L*int {f{x) *sin(Pi*n/L*x) ,x=0. . L) :
> cossum:=a{0)/2+sum{a{n) *cos (Pi*n/L*x) , n=1. N} :
#cosine series
sinsum:=sum(b(n) *sin{Pi*n/L*x) , n=1..N}:
#sine series
> heatsoll:=sum(b(n}*sin(Pi*n/L¥x) *exp{-n"2*Pi"2*k*t/L"2) ,n=1. N} :
#houndary conditiens u(0,t)=u(L,t}=0
heatsolZ:=a (0} /2+sum{a({n) *cos{Pi*n/L*x) *exp (-n"2*P1"2*k*L/L"2) ,n=1

L LNY
#poundary conditions for insulated ends
Exampie 2 page 613:
> f:=x->100:
Li:=50:
M:=50: #square wave is hard to approximate with Fourier, take big

N
k:i=.15: #thermal diffusivity for iron

=

> plot3d(heatsoll,x=0..50,£=0..1800,color=black,style=wireirame,
axes=boxed, titie= Figure 9.5.4"};
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¢ Computer check of computations on page 614:
. (a) temperature ai midpoint after half an hour
> evalf (subs {({=1800,x=25%},heatsoll));
‘ 4384897659
(b) temperature for concrete:
> k:=.005:
heatsoll i=sumi(bin) *sin{Pi*n/L*x) *exp{-n 2*Pi "2*k*C /L 2} ,n=1. N):
#boundary conditions u{0,t)=u{l, t}=0
evalf (subs{{t=60*30,x=25} heatsoll)};
$#half an hour later

. 99.99999917
> evalf (subs{{t~=60*60,x=25},, heatscll}); #one hour later
evalfisubs{{t=6*60%60,x=25}, heatsoll) ) #six hours later
99.99381824
82.21276660

How many of you live in brick houses?

We could siee what the temperature profile looks like throughout the concrete slab at this last time value:

> slice:=z->»evalf (subs {{t=6*60%*60,x=2},heatsclli});

slice .= z — evalfsubs( {1 = 21600, x =z}, heatsoll))
> plot(slice{x),x=0..50,color=black, titles‘concrete temperature
six hours later‘};
‘ cencrate temperature
six hours later

T
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Example 3 page 616-617: b
> restart:with{plots;j:

ar=n->2/L*int (£ (x) *cos {(Pi*n/L* %), x=0..L):
#for a cosine series. We use x for the space variable,
#z0 that we have t for time
hr=n->2/L*int (f{x}*sin{Pi*n/L %}, x=0..L}:
cossum:=a () /2+sum{a(n) *cos {Pi*n/L*x} ,n=1..N):
#cosine series
sinsum:=gsum{b{n) *sin(Pi*n/L*x} ,n=1, .N}:
#sine series
heatsoll:=sum(b{n) *sin{Pi*n/L*x) *exp (-n"2*Pi*2*k*L/L"2) ., n=1. .N}:
#ooundary conditions u(f,t)=ulL, t)=0
heatsoll:=a(0) /2+sumia{n) *cos (Pi*n/L*x) *exp {~n"2*Pi"2*k*t/L" 2} , n=1
NI
#boundary conditions for insulated ends

. #thermal diffusivity for iron
1=x->100-4*abs {x-25) ;

plot{f{x},x=0..50,color=black]);
Fr=x->100-4| x-25]
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> pioth(heatsol2,x=O..SO,tzﬁ..lZGO,color:black,
style=wireframe, axeswboxed, titles=‘Figure 2.5.6'};
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1200 50
> Digits:=5;
COSSUm;
heatsol?;
Digits =35
400 L ELEY 16 RE
%75 ) 400N 25, 05
30 - 2 - 2 s 2
T 9 T n”
(-0.0023687 1) (-0.021319 1)
350 —40.528 cog{0.12566 x)e —4.503F cos(0.3769% x}e _
(-DO59218 1) ,

- 1.6211 ¢c0s(0.62832 x) e




