w2, B Sel - Wenmn T

' (>vo>s<

S‘J oy
X+ck

() w4 = 5 [ Fix—ctV+Foxt b)) T:i‘c ( g(ydT
‘ ~
X —Ck

+ I Ftz, ») dzg d
5@ ) g«L

u)%:[ sw«px—ztya—S\m(x+1t33 noke —

-L- [ s\hXtos2t —tesw Stm2t

4 S % OS2 -LV e D 4 a!-/\l":;j = %\V\XL{DS?.«&’

((1)‘\—{»%‘\’7% | Y2k

2¢) T dT =4 T \ A0+ Yxt kT

e X=1t = ot -Mt;\) 2%
(L"‘;\) /T\VL / N \Z»thx-l‘t

/ o
) s =2l
B SN

It X xnt %

t

\(—t'l*”/’?/ 't RS ¢
g( Zfimcﬂgéq s Aq/hl )
0 x»z%cnvL ’gn(/lt‘”/‘/{l

j—t W‘L [ CX—\-I{'l‘/L\)L._ ( X—2+ +2v§¢fhl a

- gtWL ((x+2(tr%\\1~tx—fz(t-vg/\f] va

= t
o Bt g = e Ty
k3 .
= a A B 5 B 5,
9><Li%~~—:§-~§\ = 8><(_t7: ig: = 217X
uum+¥:6wmu%%t+axﬁf+—'t X | —WN<EX<cps | U700

e



bwiz, 2~
(2) /

'(a) The graph y = x*(6-x) + 2 below shows the initial temperature distribution:
_hottest in the middle of the bar and 2 at the ends:

> plot(x*(6-x)+2, x = 0..6, y = 0..11);
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F(b) Define the coefficients (c values as functions of k):
;r> ¢ = k -> 2/6 * int(x*(6-x)*sin(((2*k+1)*Pi*x)/(2%6)), x = 0.
| .6);

6
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Define the nth partial sum in the series:
> psa := (n, t) -> 2+ sum(c(k) * eXp{—(2%k+1) A2*Pir2*4*t/ (4%642))
* sin((2*k+1)*Pi/(2*6)*x), k = 0..n);

——3;16 2k+1)2r2¢
sin(
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psai=(n =2+ > c(k) e —1——(2k+1)nxJ @)
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‘E"Here's a plot of the fourth partial sum for t=0 compared with the exact initial
._condition:

> plot({psa(4, 0), ®*(6-x)+2}, x = 0..6, y = 0..11);
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[ Here's a plot of the fourth partial sum for t=5: (The max temp has decreased a lot.)
> plot({psa(4, 5)}, x = 0..6, y = 0..6);
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(c) The comparison with the initial condition shows good agreement away from the
center and insulated boundary. At later times, the fourth partial sum is probably a
reasonable approximation if including an extra term doesn't change the graph much.
Compare the fourth and fifth partial sums at t = 0.01 and t = 0.1. In the latter case
_they are hardly distinguishable.

> plot({psa(4, 0.01), psa(s, 0.01)}, = 0..6, vy = 0..11);
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f (d) At t = 3, the value at the midpoint is approximately 4.5 degrees:
| > evalf(subs(x = 3, psa(4, 3)));
L 4.479005422 (3)

=
!

(e) The temperature goes to 2 as t -> infinity. We can see this mathematically from
j[ the series representation. The amplitudes of the sine terms gotozeroast ->
! infinity. Physically, one end is held at 2, and the other end is insulated. Over time
 the bar equilibrates to the temperature of the bath at x = 0. The graph shows the
_approximate temperature profile at time 40.

> plot({psa(4, 40)}, x = 0..6, v = 0..4);
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