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Calculations for Ziggy’s mass-spring system
Math 2250-3,
Nov 29, 2004

The two mass, three spring system.

Data: Each ball mass is 23 grams. Each spring mass is 9 grams, (Remember, and this is a defect. our
model assumes massless springs.) The springs are identical, and & mass of 50 grams stretches the spring
15.0 centimeters. (I checked this estimate before class.)

Estimate k (from the data above):

> k:i=solve{k*.15=.05*9.81,%k};

_ k:=3.2700
Time the two naturaj periods (which we discuss below):

(For the fast one. in my office, I got 100 cycles in about 33 sseconds. For the slow one 1 got 100 cycles
in about 61 seconds. What do we get in classT)

Here’s the model:
> with(linalg):
> Ar=matrix(2,2, [-2*%k/m, k/m, k/m, -2%K/m]}:
#this should be the "A" matrix you get for
#our two-mass, three-spring system.
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Predict the two natural periods from the modei:

ANSWER: If you do the model correctly you will come up with naturat periods of 304 and .527

seconds. [ predict that these periods are 1o small compared to what actually happened in our
experiment. What happered?

EXPLANATION: The springs actually have mass, equal 10 9 grams each. This is on the same order of
magnritude as the ball masses, and causes the actual experiment to run more slowly than our model
predicts. In order to be more accurate the total energy of our model must account for the kinetic eneray
of the springs. You actually have the wois to model this maore-complicated situation. using the ideas of
total energy discussed in scetion 3,6, and a “little” Caleulus. You can carry out this analysis, 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 bounds 1t. Tt turns out that this gives the same eigenvectors, but different
eigenvalues, namely
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If you use these values, then you get period predictions of .61 and .33 seconds per cycle. Is that closer?
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