
Traffic flow cars in = cars out
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In the last example we were balancing input and output of traffic. What goes in must come out, this 
concept is pervasive in science and linear equations often result. We often make the same 
considerations when thinking about chemical reactions. 

Apparently this is necessary in 2019……
Also, don't eat tide pods. 
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Brine Volume Fraction  

0.068309

0.066612

0.05029

0.04422

0.057476

0.063163

0.0534

0.061583

Conductivity  

0.00897

0.006353

0.003431

0.003045

0.003223

0.005508

0.003045

0.006294

Archies Law      Physical Modeling

Let's choose the first and fourth data points since they cover a good x range: in this case our linear 
system is:

           

-1.16552 -2.04721

-1.17645 -2.19704

-1.29852 -2.46455

-1.35438 -2.51647

-1.24052 -2.49179

-1.19954 -2.25902

-1.27246 -2.51637

-1.21054 -2.20106

We can change this to a linear equation!
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-1.16552 -2.04721

-1.17645 -2.19704

-1.29852 -2.46455

-1.35438 -2.51647

-1.24052 -2.49179

-1.19954 -2.25902

-1.27246 -2.51637

-1.21054 -2.20106

Our augmented matrix is then

   
         
         

 
        
        

 

         
  
  

 
     
     

 

Inviting matlab to get the rref form with the following script

xx=[-1.16552,-1.17645,-1.29852,-1.35438,-1.24052,-1.19954,-1.27246,-1.21054];
yy=[-2.04721,-2.19704,-2.46455,-2.51647,-2.49179,-2.25902,-2.51637,-2.20106];

AA=[xx(1),1,yy(1);xx(4),1,yy(4)]
BB=rref(AA)
p=[-1.4:0.001:-1.1];
s=BB(1,3).*p+BB(2,3);
plot(xx,yy,'*')
hold on
plot(p,s)

So the equation of our line is               

Notice that while the line follows the trend and hits the points we asked it to it is missing the others in 
practice we will make use of all available data and find something called the least squares solution but 
this is a topic for another day. Are their any other two points we could pick to better capture the data?
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Archies Law      

Polynomial Curve fitting (When things sometimes go too far)

Here we have 8 data points and if I like we can find an 7th degree polynomial (8 terms total with the constant)         

                                 

Which goes through all 8 points exactly.

This is done by creating a linear system where we plug in each  value into our equation and setting 
equal to the corresponding  value.

                                                                                                   

                                                                                                    

                                                                                             

                                                                                             

                                                                                                    

                                                                                                    

                                                                                      

                                                                                                    

If we compute the powers and transfer to a matrix form we obtain:

A bit yucky… Let's have matlab do the heavy lifting!
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Our polynomial on the interval [0,0.08]
Terrible everywhere but the data points!

Close up of the polynomial around the data 
points, hits them all!  However, the function 
itself is complete nonsense physically. 

Using the rref command in matlab we obtain the following matrix and can read off the coefficients!

    

                                                                        

                      

Here is the polynomial we find:

Plots with the data, beware the dangers of overfitting!
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Matlab code for the last example 

x=[0.0683,0.0661,0.0503,0.0442,0.0575,0.0632,0.0534,0.0616]
y=[0.0090,0.0064,0.0034,0.0030,0.0032,0.0055,0.0030,0.0063]

A=[x(1)^7,x(1)^6,x(1)^5,x(1)^4,x(1)^3,x(1)^2,x(1),1,y(1);x(2)^7,x(2)^6,x(2)^5,x(2)^4,x(2)^3,x(2)^
2,x(2),1,y(2);x(3)^7,x(3)^6,x(3)^5,x(3)^4,x(3)^3,x(3)^2,x(3),1,y(3);x(4)^7,x(4)^6,x(4)^5,x(4)^
4,x(4)^3,x(4)^2,x(4),1,y(4);x(5)^7,x(5)^6,x(5)^5,x(5)^4,x(5)^3,x(5)^2,x(5),1,y(5);x(6)^7,x(6)^
6,x(6)^5,x(6)^4,x(6)^3,x(6)^2,x(6),1,y(6);x(7)^7,x(7)^6,x(7)^5,x(7)^4,x(7)^3,x(7)^
2,x(7),1,y(7);x(8)^7,x(8)^6,x(8)^5,x(8)^4,x(8)^3,x(8)^2,x(8),1,y(8)]
B=rref(A)
phi=[0.044:0.0001:0.07]
sigma=B(1,9).*(phi.^7)+B(2,9).*(phi.^6)+B(3,9).*(phi.^5)+B(4,9).*(phi.^4)+B(5,9).*(phi.^
3)+B(6,9).*(phi.^2)+B(7,9).*(phi.^1)+B(8,9).*(phi.^0)
plot(x,y,'*')
hold on
plot(phi,sigma)

Note that the definition of A should be typed out as a single row… This probably makes copy and paste hard. You can 
find two .m files in the recourses folder on Sakai which contain the matlab code from today's examples should you like 
to play around with it. 

Section 1.3 Applications of Linear Systems

   Section 1.3 Page 7    


