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Lab 4, EA-4

Eigenvalues and Heat Transfer
Introduction

In this lab, we first answer a set of conceptual questions about eigenvalues regarding a tank (see page 305, Edwards and Penny).  After we answer these questions, we proceed to analyze a warm rod with its ends contacting outside material, but insulated along its length.  We analyze the temperature of this rod with eigenvectors as the rod cools down to the ambient temperature, T= 0.  Initially, the rod is broken into three parts, T1(t), T2(t), and T3(t).  We use the following equations (delta is some constant):
dT1/dt = -delta(T1-0) –delta(T1-T2)

dT2/dt = -delta(T2-T1) – delta(T2-T3)

dT3/dt = -delta(T3-T2) – delta(T3-0)

With these equations, and with the information that delta = k/h^2 (k = constant depending on materials of the rod, h = length of each segment of the rod), we are able to set up a linear algebra system and a 3x3 matrix to solve for the eigenvectors, and graph the temperature as it slowly or quickly decays to 0.  We observe the behavior of both 3 segments and 10 segments, and discover properties of similar systems as we explore the eigenvalue and eigenvectors. 

Description of Methods

Part 1

1. To explain why the boss’ eigenvalues do not make sense, we set up the general solution with the eigenvalues incorporated into it (as lambda) and then observed the behavior of the solution as t approaches infinity. (see Appendix A and attached work)
2. To explain why the eigenvector does not work, we observed which terms of the general solution would go to 0 first, based on the least negative eigenvalues (slowest to go to 0), and the most negative eigenvalues (fastest to go to 0).  Then we observed the signs on each of the terms, which represent the three tanks involved in the problems.

3. To explain why the boss’ new eigenvalues are wrong, we examined the general solution with the eigenvalues incorporated into it, and then observed what would happen as t approaches infinity.

Part 2

1. Considering a rod of length 1, so h = 1/3 and k =1, with initial temperature conditions T1(0) = 1, T2(0) = 2, T3(0) = 3, we set up the eigenvalue/eigenvector problem in the standard way (see Appendix B and attached work).  We wrote the general solution of the system in terms of the eigenvectors and eigenvalues, and then used Matlab’s eig function to find these.  We then plotted the three temperatures as functions of time. (see Appendix B and attached work).

2. We repeated 1 for h = 1/10, and plotted the 10 components of the eigenvector corresponding to the slowest decaying (least negative) and fastest decaying eigenvectors (most negative).  (see Appendix C and attached work)
3. Finally, we explained why all eigenvalues will be negative no matter how many segments are in the rod, and why the eigenvector corresponding to the slowest decay will have either all negative or positive members.

Results
Part 1

1. At large t, there is an infinite amount of salt in the tank (see Appendix A, and attached work).  Therefore, this set of eigenvalues does not make sense, because there cannot be an infinite amount of salt in the tank.

2. With this eigenvector, the concentration in the third tank is negative while the concentrations of the first and second are positive.  This is not possible—you cannot have a negative concentration.  (see Appendix A and attached work)

3. This is a closed system, and for a closed system, all values cannot go to zero.  For large t, the amount of salt goes to zero with these eigenvalues.  And so this is not possible. (see Appendix A, and attached work)

Part 2

1. The general solution for the system is : 

T(t) = c1v1e^lambda1t + c2v2e^lambda2t + c3v3e^lambda3t

Where v1, v2, and v3 are all eigenvectors and lambda1, lambda2, and lambda3 are all eigenvalues.

Applying the initial conditions, we used Matlab to solve the linear system and then we plotted the three temperatures. (see Appendix B for code)
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Figure 1. Temp vs. Time graph for three temperatures, T1, T2, and T3.  

2. We repeated the procedure (see attached work and Appendix B) for h = 1/10, and found the general solution to be analogous to the previous one.   Now, there are simply ten terms instead of 3.  We applied the initial conditions, assuming they were also analogous to the first problem, where T1(0) =1, T2(0) = 2, etc to Tn(0) = n.  We found that T1(0) and T10(0) had the fastest and slowest decay rates, respectively.  (see Appendix C)  We graphed the fastest and slowest decay rates’ temperatures as functions of time, plotting the 10 components of each.
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Figure 2. Temp vs. Time for fast decay rate.  Notice all temperatures decay to 0 from both positive and negative sides of the graph.  This is because the eigenvector components alternate signs.
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Figure 3. Temp vs. Time for slow decay rate.  Notice all values approach 0 from the negative temperature axis.  This is because all the eigenvector components are negative.  However, when multiplied by the negative constant (found in Appendix C), all of these values will become positive.

3. All eigenvalues will be negative because we are just letting the rod cool down, not heat up, and so all temperatures will have to drop to zero.  This does not change when there are more segments in the rod.  This corresponds to question 1 of Part 1, where we stated that there cannot be an infinite amount of salt in a tank.  Likewise, there cannot be an infinite amount of heat in a rod, and so all eigenvalues must be negative so that they go to zero, and not infinity, at a large time.

The eigenvectors corresponding to the slowest decay will be either all positive or all negative for the same reason that Part 1’s question 2 asserted—one cannot have positive concentrations in two of the tanks and a negative concentration in the third.  This is analogous to the inability to have positive eigenvector components and negative eigenvector components in the same eigenvector.  The eigenvector tells you the ratio of temperature and time, and so for a given segment (in the slowest decaying eigenvector), one cannot have a negative ratio of temperature to time, and then have a positive ratio in another segment.  They will either all be positive, or all be negative.  The constant will multiply these vectors and make them all positive eventually.
Discussion of Results

Part 2
1. As t approaches infinity, the negative eigenvalues will cause the exponents to go to zero.  This leads the temperature to approach zero, which is the ambient temperature.  The eigenvectors dictate the direction fo the graph, and so the largest negative number (-30.7275) will decay the fastest, while the smallest negative number (-5.272) will decay the slowest (see Appendix B).  At the end, T1 and T3 will come together because they are in the ratio given by the slowest decaying eigenvector.  However, T2’s middle term drops out, and makes it unique.  It will be slightly above T1 and T3.  You can see this effect in the very blown-up version of Figure 1.
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Figure 4. Temp vs Time for very blown-up Figure 1, to illustrate that T3 and T1 overlap (you cannot see T1 because T3 is on top of it), while T2 is very slightly above them.

2. Because the fastest eigenvector has alternating signs, the graphs approach zero from both the positive and negative y axis.  However, because the slowest eigenvector has only negative signs, the graph approaches zero from only the negative y axis.  The constant is negative for the slowest eigenvector, and so they will all come in from the positive y axis.  We did not plot the graph with the constant, but this is what it would do in reality.  The fastest decaying values come in from both ends regardless of whether one includes the constant or not.   The slowest decaying eigenvector has a larger constant associated with it than the fastest decaying eigenvector, and so the slowest decaying eigenvector will dominate when they are added together, by the principle of superposition, to obtain the general solution.  
Our horizontal axes on both the fastest and slowest plots represent the time it takes for the solutions to decay to T = 0, the ambient temperature.  For the faster-decaying graph, the temperature becomes ambient faster than for the slower-decaying graph.  The eigenvectors determine, with their signs, how the graph will be shaped.  If the values alternate, and the constant is positive or negative, then the graphs will come from both positive and negative sides of the y axis (in this case, temperature axis).  However, if the values do not alternate, and are uniform, then the constant’s sign will determine whether the values will come from the positive or negative side of the y axis.  If the constant is negative, as it is in this case, then all negative values will mean decaying temperature from the positive side of the y axis.
3. Explanation of part 3 is found in the ‘Results’ section, since the question itself was a concept question.

Conclusion
Eigenvectors and Eigenvalues determine the behavior of a graph, and show the long-term behavior of a system.  In this case, the eigenvectors and eigenvalues showed us what the temperature does when a heated rod is allowed to cool, but divided into segments.  We found that the number of segments does not effect whether the sign of the temperatures as the rod cools—no matter the number, the slowest decay will always have all positive or negative values (the temperature must come from one side of the y axis, but not both).  We found that eigenvalues must be negative when dealing with a finite amount of matter in a system, because just as it is impossible to get an infinite amount of salt in a tank as the time goes to infinity, it is also impossible to have an infinite amount of heat, especially in a cooling rod, as t goes to infinity.  

The shape of the eigenvector/ graph it produces is dependent on the sign of the components in the eigenvector.  If the components alternate, it is certain that the temperature will approach zero from both the negative and positive sides of the y axis.  However, uniform components (such as in the slowest decaying eigenvector), will result in decay toward 0 only from one side of the axis.  In this case, the decay occurred on the positive side of the axis, despite all negative values.  This is because of the negative constant in front of the eigenvector.  Therefore, constants also play a large role in determining the shape of the graph.
The slowest decaying eigenvector has a larger constant associated with it than the fastest decaying eigenvector, and so the slowest decaying eigenvector will dominate when they are added together, by the principle of superposition, to obtain the general solution. 

In this lab, we not only analyzed a cooling rod, but answered conceptual questions about eigenvectors and eigenvalues that guided us through our lab.  We learned that eigenvalues must be negative, or they will blow up to infinity when t approaches infinity; the third tank / third container to receive something in a system cannot be negative while the others are positive—all eigenvalues must be positive or negative for the slowest-decaying function; and eigenvalues cannot be negative in a closed system because that causes the solution to go to zero, and that cannot happen in a closed system—everything is recycled.

Appendix A

Appendix B
1. 

A = [-18 9 0 ; 9 -18 9 ; 0 9 -18]
[V,D] = eig(A)
A =

   -18     9     0

     9   -18     9

     0     9   -18

V =

    0.5000   -0.7071   -0.5000

   -0.7071    0.0000   -0.7071

    0.5000    0.7071   -0.5000

D =

  -30.7279         0         0

         0  -18.0000         0

         0         0    -5.2721

A = [-18 9 0 ; 9 -18 9 ; 0 9 -18];
[V,D] = eig(A);
T1(1) = 1;
T2(1) = 2;
T3(1) = 3;
c = inv(V)*[1;2;3]
A = %this was the matrix found on attached work
   -18     9     0

     9   -18     9

     0     9   -18

V = %these are eigenvectors (columns)
    0.5000   -0.7071   -0.5000

   -0.7071    0.0000   -0.7071

    0.5000    0.7071   -0.5000

D = %these are eigenvalues
  -30.7279         0         0

         0  -18.0000         0

         0         0   -5.2721

c = %these are constants in front of each term
    0.5858

    1.4142

   -3.4142

clear all
A = [-18 9 0 ; 9 -18 9 ; 0 9 -18];
[V,D] = eig(A)
T1(1) = 1;
T2(1) = 2;
T3(1) = 3;
t(1) = 0;
dt = .01;
c = inv(V)*[1;2;3];
for i = 1:500
t(i+1) = t(i) +dt;  
T1(i+1) = c(1)*V(1,1)*(exp(D(1,1)*t(i+1))) + c(2)*V(1,2)*(exp(D(2,2)*t(i+1))) + c(3)*V(1,3)*(exp(D(3,3)*t(i+1)));
T2(i+1) = c(1)*V(2,1)*(exp(D(1,1)*t(i+1))) + c(2)*V(2,2)*(exp(D(2,2)*t(i+1))) + c(3)*V(2,3)*(exp(D(3,3)*t(i+1)));
T3(i+1) = c(1)*V(3,1)*(exp(D(1,1)*t(i+1))) + c(2)*V(3,2)*(exp(D(2,2)*t(i+1))) + c(3)*V(3,3)*(exp(D(3,3)*t(i+1)));
end
plot(t, T1, 'b', t, T2, 'k', t, T3, 'r')
Appendix C

2. 

clear all
A = [-200 100 0 0 0 0 0 0 0 0 ; 100 -200 100 0 0 0 0 0 0 0 ; 0 100 -200 100 0 0 0 0 0 0 ; 0 0 100 -200 100 0 0 0 0 0 ; 0 0 0 100 -200 100 0 0 0 0 ; 0 0 0 0 100 -200 100 0 0 0 ; 0 0 0 0 0 100 -200 100 0 0 ; 0 0 0 0 0 0 100 -200 100 0 ; 0 0 0 0 0 0 0 100 -200 100; 0 0 0 0 0 0 0 0 100 -200];
[V,D] = eig(A)
T1(1) = 1;
T2(1) = 2;
T3(1) = 3;
T4(1) = 4;
T5(1) = 5;
T6(1) = 6;
T7(1) = 7;
T8(1) = 8;
T9(1) = 9;
T10(1) = 10;
t(1) = 0;
dt = .01;
c = inv(V)*[1;2;3;4;5;6;7;8;9;10]
for i = 1:500
t(i+1) = t(i) +dt;  
T1(i+1) = c(1)*V(1,1)*(exp(D(1,1)*t(i+1))) + c(2)*V(1,2)*(exp(D(2,2)*t(i+1))) + c(3)*V(1,3)*(exp(D(3,3)*t(i+1))) + c(4)*V(1,4)*(exp(D(4,4)*t(i+1))) + c(5)*V(1,5)*(exp(D(5,5)*t(i+1))) + c(6)*V(1,6)*(exp(D(6,6)*t(i+1))) + c(7)*V(1,7)*(exp(D(7,7)*t(i+1))) + c(8)*V(1,8)*(exp(D(8,8)*t(i+1))) + c(9)*V(1,9)*(exp(D(9,9)*t(i+1))) + c(10)*V(1,10)*(exp(D(10,10)*t(i+1)));
T2(i+1) = c(1)*V(2,1)*(exp(D(1,1)*t(i+1))) + c(2)*V(2,2)*(exp(D(2,2)*t(i+1))) + c(3)*V(2,3)*(exp(D(3,3)*t(i+1))) + c(4)*V(2,4)*(exp(D(4,4)*t(i+1))) + c(5)*V(2,5)*(exp(D(5,5)*t(i+1))) + c(6)*V(2,6)*(exp(D(6,6)*t(i+1))) + c(7)*V(2,7)*(exp(D(7,7)*t(i+1))) + c(8)*V(2,8)*(exp(D(8,8)*t(i+1))) + c(9)*V(2,9)*(exp(D(9,9)*t(i+1))) + c(10)*V(2,10)*(exp(D(10,10)*t(i+1)));
T3(i+1) = c(1)*V(3,1)*(exp(D(1,1)*t(i+1))) + c(2)*V(3,2)*(exp(D(2,2)*t(i+1))) + c(3)*V(3,3)*(exp(D(3,3)*t(i+1))) + c(4)*V(3,4)*(exp(D(4,4)*t(i+1))) + c(5)*V(3,5)*(exp(D(5,5)*t(i+1))) + c(6)*V(3,6)*(exp(D(6,6)*t(i+1))) + c(7)*V(3,7)*(exp(D(7,7)*t(i+1))) + c(8)*V(3,8)*(exp(D(8,8)*t(i+1))) + c(9)*V(3,9)*(exp(D(9,9)*t(i+1))) + c(10)*V(3,10)*(exp(D(10,10)*t(i+1)));
T4(i+1) = c(1)*V(4,1)*(exp(D(1,1)*t(i+1))) + c(2)*V(4,2)*(exp(D(2,2)*t(i+1))) + c(3)*V(4,3)*(exp(D(3,3)*t(i+1))) + c(4)*V(4,4)*(exp(D(4,4)*t(i+1))) + c(5)*V(4,5)*(exp(D(5,5)*t(i+1))) + c(6)*V(4,6)*(exp(D(6,6)*t(i+1))) + c(7)*V(4,7)*(exp(D(7,7)*t(i+1))) + c(8)*V(4,8)*(exp(D(8,8)*t(i+1))) + c(9)*V(4,9)*(exp(D(9,9)*t(i+1))) + c(10)*V(4,10)*(exp(D(10,10)*t(i+1)));
T5(i+1) = c(1)*V(5,1)*(exp(D(1,1)*t(i+1))) + c(2)*V(5,2)*(exp(D(2,2)*t(i+1))) + c(3)*V(5,3)*(exp(D(3,3)*t(i+1))) + c(4)*V(5,4)*(exp(D(4,4)*t(i+1))) + c(5)*V(5,5)*(exp(D(5,5)*t(i+1))) + c(6)*V(5,6)*(exp(D(6,6)*t(i+1))) + c(7)*V(5,7)*(exp(D(7,7)*t(i+1))) + c(8)*V(5,8)*(exp(D(8,8)*t(i+1))) + c(9)*V(5,9)*(exp(D(9,9)*t(i+1))) + c(10)*V(5,10)*(exp(D(10,10)*t(i+1)));
T6(i+1) = c(1)*V(6,1)*(exp(D(1,1)*t(i+1))) + c(2)*V(6,2)*(exp(D(2,2)*t(i+1))) + c(3)*V(6,3)*(exp(D(3,3)*t(i+1))) + c(4)*V(6,4)*(exp(D(4,4)*t(i+1))) + c(5)*V(6,5)*(exp(D(5,5)*t(i+1))) + c(6)*V(6,6)*(exp(D(6,6)*t(i+1))) + c(7)*V(6,7)*(exp(D(7,7)*t(i+1))) + c(8)*V(6,8)*(exp(D(8,8)*t(i+1))) + c(9)*V(6,9)*(exp(D(9,9)*t(i+1))) + c(10)*V(6,10)*(exp(D(10,10)*t(i+1)));
T7(i+1) = c(1)*V(7,1)*(exp(D(1,1)*t(i+1))) + c(2)*V(7,2)*(exp(D(2,2)*t(i+1))) + c(3)*V(7,3)*(exp(D(3,3)*t(i+1))) + c(4)*V(7,4)*(exp(D(4,4)*t(i+1))) + c(5)*V(7,5)*(exp(D(5,5)*t(i+1))) + c(6)*V(7,6)*(exp(D(6,6)*t(i+1))) + c(7)*V(7,7)*(exp(D(7,7)*t(i+1))) + c(8)*V(7,8)*(exp(D(8,8)*t(i+1))) + c(9)*V(7,9)*(exp(D(9,9)*t(i+1))) + c(10)*V(7,10)*(exp(D(10,10)*t(i+1)));
T8(i+1) = c(1)*V(8,1)*(exp(D(1,1)*t(i+1))) + c(2)*V(8,2)*(exp(D(2,2)*t(i+1))) + c(3)*V(8,3)*(exp(D(3,3)*t(i+1))) + c(4)*V(8,4)*(exp(D(4,4)*t(i+1))) + c(5)*V(8,5)*(exp(D(5,5)*t(i+1))) + c(6)*V(8,6)*(exp(D(6,6)*t(i+1))) + c(7)*V(8,7)*(exp(D(7,7)*t(i+1))) + c(8)*V(8,8)*(exp(D(8,8)*t(i+1))) + c(9)*V(8,9)*(exp(D(9,9)*t(i+1))) + c(10)*V(8,10)*(exp(D(10,10)*t(i+1)));
T9(i+1) = c(1)*V(9,1)*(exp(D(1,1)*t(i+1))) + c(2)*V(9,2)*(exp(D(2,2)*t(i+1))) + c(3)*V(9,3)*(exp(D(3,3)*t(i+1))) + c(4)*V(9,4)*(exp(D(4,4)*t(i+1))) + c(5)*V(9,5)*(exp(D(5,5)*t(i+1))) + c(6)*V(9,6)*(exp(D(6,6)*t(i+1))) + c(7)*V(9,7)*(exp(D(7,7)*t(i+1))) + c(8)*V(9,8)*(exp(D(8,8)*t(i+1))) + c(9)*V(9,9)*(exp(D(9,9)*t(i+1))) + c(10)*V(9,10)*(exp(D(10,10)*t(i+1)));
T10(i+1) = c(1)*V(10,1)*(exp(D(1,1)*t(i+1))) + c(2)*V(10,2)*(exp(D(2,2)*t(i+1))) + c(3)*V(10,3)*(exp(D(3,3)*t(i+1))) + c(4)*V(10,4)*(exp(D(4,4)*t(i+1))) + c(5)*V(10,5)*(exp(D(5,5)*t(i+1))) + c(6)*V(10,6)*(exp(D(6,6)*t(i+1))) + c(7)*V(10,7)*(exp(D(7,7)*t(i+1))) + c(8)*V(10,8)*(exp(D(8,8)*t(i+1))) + c(9)*V(10,9)*(exp(D(9,9)*t(i+1))) + c(10)*V(10,10)*(exp(D(10,10)*t(i+1)));
end
plot(t, T1, 'b', t, T2, 'k', t, T3, 'r', t, T4, 'm', t, T5, 'g', t, T6, 'c', t, T7, 'y', t, T8, 'b--', t, T9, 'k--', t, T10, 'g--')
V(:,1)
V(:,10)
V =

   -0.1201   -0.2305   -0.3223   -0.3879    0.4221    0.4221    0.3879    0.3223   -0.2305   -0.1201

    0.2305    0.3879    0.4221    0.3223   -0.1201    0.1201    0.3223    0.4221   -0.3879   -0.2305

   -0.3223   -0.4221   -0.2305    0.1201   -0.3879   -0.3879   -0.1201    0.2305   -0.4221   -0.3223

    0.3879    0.3223   -0.1201   -0.4221    0.2305   -0.2305   -0.4221   -0.1201   -0.3223   -0.3879

   -0.4221   -0.1201    0.3879    0.2305    0.3223    0.3223   -0.2305   -0.3879   -0.1201   -0.4221

    0.4221   -0.1201   -0.3879    0.2305   -0.3223    0.3223    0.2305   -0.3879    0.1201   -0.4221

   -0.3879    0.3223    0.1201   -0.4221   -0.2305   -0.2305    0.4221   -0.1201    0.3223   -0.3879

    0.3223   -0.4221    0.2305    0.1201    0.3879   -0.3879    0.1201    0.2305    0.4221   -0.3223

   -0.2305    0.3879   -0.4221    0.3223    0.1201    0.1201   -0.3223    0.4221    0.3879   -0.2305

    0.1201   -0.2305    0.3223   -0.3879   -0.4221    0.4221   -0.3879    0.3223    0.2305   -0.1201

D =

 -391.8986         0         0         0         0         0         0         0         0         0

         0 -368.2507         0         0         0         0         0         0         0         0

         0         0 -330.9721         0         0         0         0         0         0         0

         0         0         0 -283.0830         0         0         0         0         0         0

         0         0         0         0 -228.4630         0         0         0         0         0

         0         0         0         0         0 -171.5370         0         0         0         0

         0         0         0         0         0         0 -116.9170         0         0         0

         0         0         0         0         0         0         0  -69.0279         0         0

         0         0         0         0         0         0         0         0  -31.7493         0

         0         0         0         0         0         0         0         0         0   -8.1014

c =

    0.3372

   -0.6886

    1.0710

   -1.5072

   -2.0321

    2.7065

   -3.6492

    5.1353

    7.9870

  -16.3113

-391.8986 will be the fastest decaying eigenvalue, corresponding with eigenvector:

 V(:,1)=

   -0.1201

    0.2305

   -0.3223

    0.3879

   -0.4221

    0.4221

   -0.3879

    0.3223

   -0.2305

    0.1201

-8.1014 will be the slowest decaying eigenvalue, corresponding with eigenvector:
V(:,10) =

   -0.1201

   -0.2305

   -0.3223

   -0.3879

   -0.4221

   -0.4221

   -0.3879

   -0.3223

   -0.2305

   -0.1201

Notice all values in V(:,10) are neg.  Values in V(:,1) are alternating signs.
Fastest decay:

clear all
A = [-200 100 0 0 0 0 0 0 0 0 ; 100 -200 100 0 0 0 0 0 0 0 ; 0 100 -200 100 0 0 0 0 0 0 ; 0 0 100 -200 100 0 0 0 0 0 ; 0 0 0 100 -200 100 0 0 0 0 ; 0 0 0 0 100 -200 100 0 0 0 ; 0 0 0 0 0 100 -200 100 0 0 ; 0 0 0 0 0 0 100 -200 100 0 ; 0 0 0 0 0 0 0 100 -200 100; 0 0 0 0 0 0 0 0 100 -200];
[V,D] = eig(A)
T1(1) = V(1,1);
T2(1) = V(2,1);
T3(1) = V(3,1);
T4(1) = V(4,1);
T5(1) = V(5,1);
T6(1) = V(6,1);
T7(1) = V(7,1);
T8(1) = V(8,1);
T9(1) = V(9,1);
T10(1) = V(10,1);
t(1) = 0;
dt = .00001;
c = inv(V)*[1;2;3;4;5;6;7;8;9;10]
for i = 1:500
t(i+1) = t(i) +dt;  
T1(i+1) = V(1,1)*(exp(D(1,1)*t(i+1)));
T2(i+1) = V(2,1)*(exp(D(1,1)*t(i+1)));
T3(i+1) = V(3,1)*(exp(D(1,1)*t(i+1)));
T4(i+1) = V(4,1)*(exp(D(1,1)*t(i+1)));
T5(i+1) = V(5,1)*(exp(D(1,1)*t(i+1)));
T6(i+1) = V(6,1)*(exp(D(1,1)*t(i+1)));
T7(i+1) = V(7,1)*(exp(D(1,1)*t(i+1)));
T8(i+1) = V(8,1)*(exp(D(1,1)*t(i+1)));
T9(i+1) = V(9,1)*(exp(D(1,1)*t(i+1)));
T10(i+1) = V(10,1)*(exp(D(1,1)*t(i+1)));
end
plot(t, T1, 'b', t, T2, 'k', t, T3, 'r', t, T4, 'm', t, T5, 'g', t, T6, 'c', t, T7, 'y', t, T8, 'b--', t, T9, 'k--', t, T10, 'g--')
V(:,1)
V(:,10)
Slowest:
clear all
A = [-200 100 0 0 0 0 0 0 0 0 ; 100 -200 100 0 0 0 0 0 0 0 ; 0 100 -200 100 0 0 0 0 0 0 ; 0 0 100 -200 100 0 0 0 0 0 ; 0 0 0 100 -200 100 0 0 0 0 ; 0 0 0 0 100 -200 100 0 0 0 ; 0 0 0 0 0 100 -200 100 0 0 ; 0 0 0 0 0 0 100 -200 100 0 ; 0 0 0 0 0 0 0 100 -200 100; 0 0 0 0 0 0 0 0 100 -200];
[V,D] = eig(A)
T1(1) = V(1,10);
T2(1) = V(2,10);
T3(1) = V(3,10);
T4(1) = V(4,10);
T5(1) = V(5,10);
T6(1) = V(6,10);
T7(1) = V(7,10);
T8(1) = V(8,10);
T9(1) = V(9,10);
T10(1) = V(10,10);
t(1) = 0;
dt = .00001;
c = inv(V)*[1;2;3;4;5;6;7;8;9;10]
for i = 1:500
t(i+1) = t(i) +dt;  
T1(i+1) = V(1,10)*(exp(D(1,1)*t(i+1)));
T2(i+1) = V(2,10)*(exp(D(1,1)*t(i+1)));
T3(i+1) = V(3,10)*(exp(D(1,1)*t(i+1)));
T4(i+1) = V(4,10)*(exp(D(1,1)*t(i+1)));
T5(i+1) = V(5,10)*(exp(D(1,1)*t(i+1)));
T6(i+1) = V(6,10)*(exp(D(1,1)*t(i+1)));
T7(i+1) = V(7,10)*(exp(D(1,1)*t(i+1)));
T8(i+1) = V(8,10)*(exp(D(1,1)*t(i+1)));
T9(i+1) = V(9,10)*(exp(D(1,1)*t(i+1)));
T10(i+1) = V(10,10)*(exp(D(1,1)*t(i+1)));
end
plot(t, T1, 'b', t, T2, 'k', t, T3, 'r', t, T4, 'm', t, T5, 'g', t, T6, 'c', t, T7, 'y', t, T8, 'b--', t, T9, 'k--', t, T10, 'g--')
V(:,1)
V(:,10)
