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Caleulations for a 2 mass— 3 spring system
Math 22506~-1
MNovember 23, 2011

The two mass, three spring system.
Data: Fach 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 15.6 centimeters. (We should recheck this, as well as testing the spring "Hookesiness”). Thus the
spring constant is given by

= Pgiis == 4 s

> solve (k* 156=.05%9,806,k);

3,143 {13
Let’s time the two natural periods (which we discuss below):
Here’s the model:
= with{lLineariigsbral:
> Rr=Mabrizi{Z,Z,[l-2%k/m, k/m k/m.-2%k/mi};
#this mhould be the "A% matrix you get fox
#our two-mags, bhyee-gpring systan.
g ok §
o= =
3 i #1 H )
A= 3 (%
|k 2k '
£ ) #2
> Bigenvectors{hl;
ETE
LY |
Poom o -
! L (3
S I | -
; i
I

Predict the two natural periods from the model:

ANSWER: If you do the mode! correctly and my office data is close 1o our class data, vou will come up
with theoretical natural periods of close to .46 and .79 seconds. I predict that the actual natural periods
are a little longer, especially for the slow mode. (In my office experiment | got periods of 0.482 and
0.855 seconds.) What happened?



EXPLANATION: The springs actually have mass, equal to 10 grams cach. This is almost on the same
order of magnitude as the yellow masses, and causes the actual experiment to run more slowly than our
mode! 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 situation, using the
ideas of total energy discussed in section 5.6, and a "little” Caleulus. You can carry oul this analysis,
like I sketched for the single mass, single spring osciilator (marl 1.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 eigenvectors, but different eigenvalues,
namely

6k
o 6m-+35m,
. &k

Ay = Zm+m5'

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

If you use these values, then you get period predictions

= omrew . D5
mar=.810;
w3 143

omegali=sgrtis*k/ (§*meE¥ma)
Omegali=sgrt (6% (2¥mems) ) ;
Ti:=aevalf {2*P1/Omegal)
PIieevalf {2%PLi/Onegall;
ar = (050

sy = (LG

ko=73.143
127 = 7.340
2 = 1300
77 = 08550
772 = 04801 {4)

of 856 and 480 seconds per cycle. Is that closer?

Challenge: If you can construct (and explain to me in my office) a correct derivation of the
eigenvalues /eigenvectors I claim above, by taking the spring masses into account, then you can
either substitute your derivation for the section 7.4 Maple exploration in next week’s homework,
or get 10 benus points on the final exam. This is a challenging challenge, but it’s definitely doable!



