Linear Algebra

The topic of Onumerical linear algebraO includes many areas
of Importance to science and engineering, including solving
linear systems, Pnding eigenvalues, and matrix
decompositions. In this course, we will be primarily
Interested In solving linear systems. For example,

ODX1 — X9 +2X3 = 7
—2X1 + 6X2 + 9X3 =
—TX1+9X9—3X3 = H

The systems we will be interested in will be much larger, with
100s or 1000s of unknowns.



Linear algebra

Where do linear systems come from?

¥ Fitting curves to data

Polynomial approximation to functions
Computational 3uid dynamics
Network [3ow and circuit design
Computer graphics

Dilerence equations

Dilerential equations

Dynamical systems theory
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Systems with millions of unknowns

NEi Nastran Solver ¥ 1.23 million Odegrees o

freedomO (DOF). !
¥ Solves in 6.8 minutes o
a desktop computer, !
¥ Every point on the
vehicle is an unknown.

SUY Modal Analysis: 1,230,000 DOF. Total
Solution time: 6.8 min. {20 modes) and 17 DOF=number of equations

min. {100 modes). Run on an Intel Core i7
2.8 GHz CPU with 8GB of RAM,

NEiI Nastran uses the latest in solve yprqQviding fast results for the largest
and most complex FEA models. Four linear solvers (PCGLSS, PSS, VSS, and VIS) and
two eigensolvers (LANCZOS and SUBSPACE) are iacfuded. The PCGLSS (Preconditioned
Conjugate Gradient Linear System Solver) is an advanced parallel iterative solver
licensed from CA&SI and used in many other leading FEA products. The PSS solver is
an extremely past parallel direct solver and is highly scalable for multi-cpu/core
processors. The VSS (Vector Sparse Solver) and VIS (Vector Iterative Solver) are
based on NASA developed technology and have been enhanced to provide better
performance and accuracy.




Circults

ALTERNATOR REGULATOR
port circuit displayed only

HOW to CALIBRATE:
the “dropVoltage™ potentiometer reduces the
sensing voltage before the zehner Diode

starboard is identical

ACTUALLY GND of hull at engine alternator connects on this circuit board to GND of battery

LM335 there are two pins to connect a capacitor to GND;
temp sensor this will slow down responds time of the regulator f.6, 1000uF was about 5 secs
25C = 2,98V
95C = 3.70V
remove JP1 to trash hold voltage is
calibrate voltage > 2V and <= 4V on
intervention points gate
R31 Q2 P
25kQ BCS17 '_] LED will be ON when alternator
D13 I / charging (field energized). Intensity of light
LU
LM335
i \/\/\/‘ II-': IRFZ 064 related to output
—— R3
L 47 pF R saka R2 X
M2 - 1k 1M ¥
47kQ
- R28
i 4.7 kD
remove JP1 remove J2 alternator field m from three
-Bypass relay closed to calibrate shutt off engine terminal block
adjust lower intervention temperature
point JP2
Oil press
77 | Plus pole connected via
i | BCS517 oll prassure switch
—— f "
- Py ut 1.2V on of angine
- base to flgw current D14
bypass relay - D10 LED red /77
IN4T33A W
‘53:‘) Ny T red = power from Batt-Bank
black = GND from Batt Bank
power relay PLUG 1 yellow = power relay port LJ2-D8 = Rel 1
remove JP1 dropVoltage L power relay via oil green = power relay stb LJ2-D9 = Rel 2
-Bypass relay open 25kQ 4 pressure switch blue = bypass relay port LJ2-D12 = Rel 8
adjust high intarvention point 4 . D8=port D9=sth white = bypass relay stb LJ2-D13 = Rel 7
until LED fades out _j__| ||| F—o_ oo /t/c
— — F1 \
- ~  Battery bank Labjack LJ 2
72v bypass relay
D12=port
D13=stb
red = LED port
Power must come directly from port & stb to have black = GND sensors
battery bank since used as their own power yellow = heat sens port

sensing voltage as well

PLUG 2

relay

green = LED stb
blue = heat sensor stb
white = GND sensor

Leads to large linear systems of equations for the currents and voltages



Computational Fluid Dynamics (CFD)

Fluid
simulations in
computer
graphics

POt entla,l ﬂOW — -_—__/""izj/: g N \::: E\\gl\\

———— T —

Typically, any equations involving “incompressible” flow will

eventually require the solution of large linear systems of
equations.



Data pbtting

Suppose you have several samples of a material that is
up of two distinct components. You (somehow) know the
volumery, o each component takes up in the sample, but
not their respective densities:, p2 . You can bnd the den:
of each component using the following model if you know
weight w of each sample

Model : Data :('1,'2,") Solve to gew:: p2

P1V1 T+ P2l = W 4.12,5.39.1.09 4.12p1 + 5.39p2 = 1.09

( )

(4.13,5.41, 1.20) 4.13p1 + 5.41p5 = 1.20
“Best” solution (3.91,5.32,1.11) 3.91p; + 5.32p = 1.11

(3.89,5.11,1.02) 3.89p1 + 5.11ps = 1.02

(2.11,4.95,1.05) 12191 + 4.95p5 = 1.05

More equations than unknowns
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Linear algebra

Typical linear system of equations :

BX1 —Xo+2X3 = 7/
—2X1+06X2,+9%x3 = 0
— (X1 +5%X, — 33 = 5

The variablesx, X2, and X3 only appear as linear term:
(no powers or products).

This is a squarelinear system, since we have the same

number of equations as variables.



Introduction to Matrices

Writing a linear system using matrices :
2X + 4y — 22 = 2
IX 4+ 9y — 3Z = 8
—2X =3y + 7z =10

4 12 X 2
9 133" y$=" 834
3 7 Z

| 10

N A~ DN



Introduction to vectors and matrices

To work with linear systems, we should have a good
introduction to matrix algebra and notation involving

matrices. A matrix is a table of numbers, for example :

1 5 3 12
16 6 8 11

A=10 1 3 3
4 3 5 5

A vector is a matrix with only one row or column.



Matrix notation

The entries of matrix A are given by a;;, where ¢ is the
row, and 7 is the column

a1y = 4 di2 = 6 dpz = 11 dzz = [

a1 = Odown 2 and over 1 a3 = Odown 2 and over 3
a;» = Odown 1 and over 2 az3 = Odown 3 and over 3
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Matrix addition

To add two matrices which have the same shape, we

simply add their components

Example :

Sy =
O DN
| |

4 -1 2 4

Multiplication by a scalar is also carried out component-wise:

3:'39

1
34!1 12 | 3
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When can we multiply two matrices?

In order to multiply matrices, the inner dimensions of

the two matrices must agree.

Inner dimension

Inner dimension




Matrix multiplication

1 o0 2712l 6 17 | 2 0 15
2 1 -2 4l 9 11| = 12 27 1149

-1 -3 7| [|-2 -3 7 [128] I 54 15

We can describe each entry as a dot product of a row

with a column vector

a;; = (Row 1) - (Column j)

Example :

az1 = (=1, -3,7)a(2,4,-2) = (=1)(2) + (=3)(4) + (7)(-2) = 28
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Matrix multiplication

Multiplication on the right by a vector can be thought

of a forming a linear combination of columns.

2 4 5 a
1 9 13%" bd¥=
12 1 4 C — S
2 4 5
a 1 1 +6 9 | +c| =3
=2 1 I 7_

Multiplication on the right can be thought of as a
linear combination of columns.



Matrix multiplication

Multiplication on the left by a vector can be thought

of a forming a linear combination of rows.

a b c 2 4 5
$ 1 9 —3&=
91 7

\

a2 4 5|+b|1 9 =3]|+c| -2 1 7]

Multiplication on the left can be thought of as a linear
combination of rows.
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