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Calculations for a 2 mass— 3 spring system
Math 22501
November 28, 2011

The two mass, three spring system.
Pata: Each mass is 30 grams. Each spring mass is 6 grams. {Remember, and this is a defect, our model

assumes massless springs.) The springs are "identical”, and a mass of 30 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

» FpsiaEt s
> Digits = 4
w solvelk-{ 18} = .05-9.806, k);
2724 {h
ml‘l’
{et’s time the two natural periods (which we discuss below):
Here's the model:
» with{ LinearAlgebra)
. f Io2k kb ok 2EN
Avm= Matrixt 2,2, -, 7, T i; b
L Pomomom 7oy
[ 2 & |
- —
. |om mo )
Ao ! { )
|k 2k
i #i 7 %
w» EigenveciorsiAj
I
: 1 g % % -} %
3
3k § [ A
% - % S i
P

Predict the two natural periods from the mode!, and then run the experiment.

ANSWER: If you do the model correctly and my office data is close to our class data, you will come up
with theoretical natural periods of close to .49 and .85 seconds. 1 predict that the actual natural periods
are a little longer, especially for the slow mode. {In my office experiment I got periods of ¢.51 and 0.9}

seconds.) What happened?



TYPLANATION: The springs actually have mass, equal to 6 grams each. This is almost on the same
order of magnitude as the yellow masses, and causes the actual experiment to run more slowly than our
model predicts, Tn order to be more accurale 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” Calenlus. You can carry out this analysis,
like I sketched for the single mass, single spring oscillator (oct26.pdf), assumning 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. Tt turas out that this gives an A-matrix the same eigenvectors, but different eigenvalues,

namely

bk
3,§~ bm+35m
- 6k
A= 2mAm

(Hints: the "M" matrix 1s not diagonal but the "K" matrix is the same.}

If you use these values, then you get period predictions which might be closer to our experiment.

L s
s = B06;
o 2724
{ 6k Y
Omeval = sqrt] = 1,
? G Gm -+ 5ms i
{8k N
Omegal = sgrti o—— |
L 2o homs )
7 ffé, 2-Pi Y
i gvdy :
N Qmegﬁzf}
PR
- {2
72 = evalf | > E
. Omegal )

v (3435
my o 0006
ko 2724

3] :=7.038

7= 1242
77 =0.8930
77 = 0.5059 4)

ey

Challenge: If you can construct (and explain to me in my office) a correct derivation of the
eigenvalues /eigenvectors 1 claim 2bove, 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 bonus points on the final exam. This is a challenging challenge, but it’s definitely doable!
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§3§‘&}Ct‘i€&§ cesonance calculations for class example, Movember Z8.

 » yestart

> s{(ﬁ);

HOFm

10

:w with{ plots) :
> plot(norm{c(®},2)

;::a with{ LinearAlgebra) .
o A== Matrin{2,2, -2, 1, 1,-211

. FO = Vector{10,31);

Foo 1]
J; —
s W i
|0 2]
Po-2
o
I
F o |

. Iden = IdentityMatrix{2);

P

-

S
[—————

-1
o o= w— A+ Tden) (-FO);

¢ @] }?%&?i’?ii?%ﬁgf:“'{gi.’5{3}{){}5',5}5’{%?15{’?(
LA+ o

practical resonance

s

T lden

,0=0.4, norm=0.10, color= black, title = ‘practical resonance €
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5)



1 5
> ;?ioz(m}rm(cf 252 }, ZJ? T=0.15 norm=0.15, color = Black, title
N 5,

= ‘practical resonance as function of period’ }

practical resonance as function of period
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