The wave equation

1. Suppose we have a square room with one wall at 80°C, an adjacent wall at 60°C and the other two walls
at 20°C. What will the temperature distribution be throughout the room be if break each wall into three
intervals? The unknowns are indicated by u: through us indicating the ordering of the linear equations in
the answers.

80 80 80 80
20 Uz Uz 60
20 Us Ug 60
20 20 20 60

Answer:

>>[4-1-10; -140 -1; -104 -1; 0 -1 -1 4] \ [100 140 40 80]'

80 80 80 80
20 475 575 |60
20 325 425 |60
20 20 20 60

2. Suppose that the wall opposite the hottest wall is insulated. How does this change the temperatures?

Answer:

>>[4-1-10; -140 -1; -1 03 -1; 0 -1 -1 3] \ [100 140 20 60]'

80 80 80 80
20 50.737 | 61.263 | 60
20 41.684 | 54.316 | 60
20 * * 60

3. Suppose that the hottest wall is replaced with one that is also insulated. Without reworking the
mathematics, what do you expect the temperature distribution to be throughout the room?

Answer:

>> [3-1-10; -130 -1; -103 -1; 0 -1 -1 3] \ [20 60 20 60]"

* * * *

20 33.333 | 46.667 | 60
20 33.333 | 46.667 | 60

* * * *




4. Suppose you have a twisting hallway that has insulated walls, but one end of the hallway is in contact
with an exterior door that is at 1°C and the other is one that is kept at a warm room temperature at 25°C.
Assume that the hallway is not heated in any way. What is the temperature throughout the hallway?

* 25 * * * * * *
* Uy * Uis U4 Uss Uis *
* u2 * U12 * * ul7 *
* Uz * Un * Uig Uis *
* Ug * U1o * Uzo * *
* Us * Ug * Uz1 U2 *
* Us Uz Ug * * U3 *
* * * * * * 1 *
Answer:
>> A = 2*diag(ones(23,1)) - diag(ones(22,1),1) - diag(ones(22,1),-1);

>> b = zeros(23,1);
>> b(1) = 25; b(end) = 1;
> A\ Db
ans =
24.0000
23.0000
22.0000
21.0000
20.0000
19.0000
18.0000
17.0000
16.0000
15.0000
14.0000
13.0000
12.0000
11.0000
.0000
.0000
.0000
. 0000
. 0000
. 0000
.0000
.0000
.0000
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5. Does the answer in the last question make sense?

Answer: Yes, as you go away from the warmer door, the temperature should drop along the length of the
hallway, even if it meanders.



