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defective eigenspace compuatations

> with{ Linearslgsbra)
> A e Mapriz(4, 4 10,0, LG GG,

-
-2,

> Eigenvectors{A);

S fden == Marrix{ 4, shape

> NullSpace { BYY: # the mullspace of (A-A-1 Fisk — dimensional where kisthe al gepraic multiplicity of A
NulfSpace {BZ )i

NullSpace{B}:

>

From the above we deduce that the chain siructure of the generalized A

chain of fength 1,

w2 = Vecror{ 10, 0-1, 1113
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#for chain of Hength 2 don’t start with an eigenvector.
#it's the sum of the first two generalized eigenvectors.
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{Calculations for a 2 mass— 3 spring system
Math 22801
March 11, 2011

The two mass, three spring system.
Data: Each mass is 50 grams. Each spring mass is 10 grams. (Remember, and this is a defect, our

model assumes massless springs.) The springs are "identical”, and a mass of 50 grams stretches the
spring 13.6 centimeters. (We can recheck this.). Thus the spring constant is given by
> Diglls == ¢
> golve(k®.156=.05%9.806,k);
3.143 (1
Let's time the two natural periods (which we discuss below):
Here’s the model:
> withi{Linearhlgebzal:
“ ArmMabrixiz, 2. -2k /m, E/m, l/m. -2%k/ml);
2thniz should be the *AY matriz vou get for
#our two-mass, three-gpring syvaiem.
., 2

i £z

| |
i |

» Bigenvevrtors{A);

[P

] ®

,WW.MW“W.MWNM
5

Predict the two natural periods from the model:

ANSWER: If vou do the model correctly and my office data is close to our class data, you will come up
with theoretical natural periods of close 10 .46 and .79 seconds, [ predict that the actual natural periods
are a little longer, especially for the slow mode. (In my office experiment I got periods of 0.482 and

0.855 seconds.) What happened?



EXPLANATION: The springs acinally have mass, equal to 10 grams each, This is almost on the same
order of magnitude as the yellow masses, and causes the actual experiment {o run more slowly {han our
model predicts. In order to be more accurate the total energy of our model must account for the kinetic
energy of the springs. You actually have the tools to model this more—complicated sifuation, using the
ideas of total energy discussed in section 5.6, and a "Hutle” Calculus. You can carry out this analysis,
like 1 sketched for the single mass, single spring oscillator (feb11.pdf}, assuming that the spring velocity
at a point on the spring linearly interpolates the velocity of the wall and mass (or mass and mass) which
hounds it It turns out that this gives an A-matrix the same sigenvectors, but different eigenvalues,

namely

oo Ok

T oem+Smy
6k

A= 2mtm

(Hints: the "M" matrix is not diagonal but the "K" matrix is the same.}

If you use these values, then you get period predictions
> omrw, G5D;

mei=.0310;
Brw3 . 343
Omagalssaqrt (6%k/ {8 meBomal} s
Pmagal:=sgri (6% {(2%memal )
T1rmavalf{2*P1/Cmagall ;
T2:eavalf (2*P1/Omegalil;

oz G050

sre ow D0

ko=3343
£3F = 7.340
7= 1308
T7 = 0.8559
77 = 04501 (4

of .856 and .480 secends per cycle. Is that closer?
Challenge: If you can construct (and explain to me in my office) a correct derivation of the
sigenvalues /eigenvectors I claim above, by taking the spring masses into account, then you can

- gither substitute your derivation for the section 5.3 Maple exploration in this week’s homework, or
get 10 bonus points on the next midterm. This is a challenging challenge, but it’s definitely doable!
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