Class 15 – Sparse Matrix, Stimulus-Response (Chp. 11)
ChE310_Sec1_F2019 / 10.15.19
http://www.reuelgroup.org/numerical-methods-che-310.html 

Announcements:
· Nov 12, Phase II of project is due.
Warm Up Group Activity: submit to Jared by 2:20 pm. 
Solve the following system of equations w/ two different methods.
[image: ]
Outline for Class 15 Lecture
1. Compare and review \, LU decomp, and tridiag, also show how to setup a finite element prob.

[image: ]
[image: ]
2. Matrix Inverse [image: ]
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Practical application = computer graphics
a. Calculating inverse (2x2, easy)
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b. Calculating 3x3 or higher, not easy [slide]

3. Stimulus Response – a very practical, engineering use of the matrix inverse. Takes a little mind bending to get used to it.
[bookmark: _GoBack][image: ]
[image: ]
4. Example of the terrible restaurant [slides]
5. Ill-conditioned system and inverted matrix
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6. Norm, way to report magnitude of a matrix
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Other norms (e.g. column or row sum norm) see book
Cond[A] = matrix condition number
[image: ]
Can be used to determine the precision of the solution to a system of linear equations. If inputs are known to 10^-t precision and Cond[A] = 10^c, then precision of solution is 10^c-t. Matlab has norm and cond built in.
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9.12 As described in Sec. 9.4, linear algebraic equations can
arise in the solution of differential equations. For example,
the following differential equation results from a steady-state
mass balance for a chemical in a one-dimensional canal:
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where ¢ = concentration, f = time, x = distance, D = diffusion
coefficient, U = fluid velocity, and k = a first-order decay
rate. Convert this differential equation to an equivalent
system of simultancous algebraic equations. Given D = 2,
U=1,k=02.c(0) =80 and c(10) = 10, solve these equa-
tions from x = 0 to 10 and develop a plot of concentration
versus distance.
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Multiply with inverse to
perform division:
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Can solve sys. of eq.

ayxy +apx; +apx; =b,
Ay Xy + apX; + ayx; = by
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Real world application: Computer Graphics
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Elements of balance that are independent

Parameters X

that explain \1 of system behavior .(consmnt.s).

how parts Allx) = (b) They represent fo}'clng function or external
INTERACT or STIMULI that drive the system.

are coupled “Levels’ of property being balanced (Flow rate,
concentration, mass, force, energy, charge, etc.).
They represent the state or RESPONSE of the system.

This now has PHYSICAL meaning for a system of
balance equations. We can observe the behavior of
individual stimulus response interactions. ...

(x) = [AI"' (b}
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{x} =[A]""{b} Superposition = total response of
system is SUM of several different stimuli
x =ap'by +af2'b3 +al’3'b3 :
X = “z_llbl + a'_n_glbl + a;;b; Proportionality = multiply b_i by a
) ) o constant and the individual parts are
X3 =a3'by + a3 by + a3y by multiplied by the same constant (in x1, x2,
f and x3)

Proportionality constant. Can determine change in ‘.LEVEL’
measured due to change in ‘STIMULUS’
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1.

Scale the matrix of coefficients [A] so that the largest element in each row is 1. Invert
the scaled matrix and if there are elements of [A]™" that are several orders of magni-
tude greater than one, it is likely that the system is ill-conditioned.

Multiply the inverse by the original coefficient matrix and asses
close to the identity matrix. If not, it indicates ill-conditioning.

Invert the inverted matrix and assess whether the result is sufficiently close to the orig-
inal coefficient matrix. If not, it again indicates that the system is ill-conditioned.

whether the result is
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FIGURE 11.1 Vector Norm = length

Graphical depiction of a veclor in Euclidean space.
Var + b7+ ¢

Euclidean Norm
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The concept can be extended further to a matrix [A], as in

£5.
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llAll; =

which is given a special name—the Frobenius norm. As

N /p b
norm
11, = (Z w)

i=1
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Cond[A] = [|A]| - |A7"]




image12.png
11.3 The following system of equations is designed to
determine concentrations (the ¢’s in g/m’) in a series of

coupled reactors as a function of the amount of mass input to
each reactor (the right-hand sides in g/day):

15¢, — 3¢, — €3 = 4000
—3¢; 4 18¢; — 6¢3 = 1500
—4cy — ¢+ 12¢3 = 2400

(a) Determine the matrix inverse.

(b) Use the inverse to determine the solution.

(¢) Determine how much the rate of mass input to reactor 3
must be increased to induce a 10 g/m’ rise in the con-
centration of reactor 1.

(d) How much will the concentration in reactor 3 be re-
duced if the rate of mass input to reactors 1 and 2 is
reduced by 500 and 250 g/day, respectively?
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11.2 Determine the matrix inverse for the following system:

—8x1 4+ X2 —2x3=-20
2x; —6x3 — x3=—38
—3x;— Xp+Tx3=





