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Ref: htend

{21 from scipy.integrate import odeint

0.14

[42] def vectorfield(w, t, p):
Defines the differential equations for the coupled spring-mass system.
w i vector of the state variables: w = (x1, y1, x2, y2]
t: tine
p : vector of the parameters: p = [m1, m2, k1, k2, kappa, L]
—
x1, y1, x2, .
= :2. K1, lz. bl, b2, kappa, L = p é 0.0

I
[ ¥1 - K1 = x1 - kappa /(x2 = x1 + L)es4 +kappa /Lesd) / m1,

Liz *y2 - K2 = x2 + koppa /(x2 = x1 + L)wwd ~Kappa /Lewd) / m2]
return f

[43) np.sqre(7.9/(4.27/1000)) 0 1 .
43.01298752724269 " T T T T T T T T

(97) det goveLen _SOLVE(x1, y1, x2, y2):
ie

HETAEY) 0.1

# Spring constants
1, = (50, 501

8, Friction coef fictents
b1, b2 = (0.3 33)

~
#nagnetic <oun\lm1 -
s o 5 00
L = 47100

# Initial conditions: are the initial displacements; yl and y2 are the initial velocities
A el e i S oa @.0]

t = np.linspace(d, 30, 1000)

rs and in ltl 1 condition:
p = m, Pa2, iy K2, b1, b2, Koppo, L) -0.1
x1, y1, =2, y2) N T v T v T v T

# Call the ODE solve 0 10 20 30 40 50

5ol = odeint (vector lmu wo, t, args=(p,))#, atoleabserr, rtolsrelerr)

return t, wsol time(s)

() B{EEeE R

BRI LMt &S 2 E(E R (—) R -
*® (—) BlaFR2EER

LI 154.5¢ 7.9 (N/m) 0.275 (1/s) 73.63 (N - cm?) 4.45 (cm)
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~ Numerically solve the magnetically coupled oscillator ~ Find the eigen-frequencies by Fourier Transform
Ref: 3 readthedocs html {1 from scipy.ffr isport ffe, ffefreq
0] froz scipy.integrate imort odeint & ; :ﬂ"(‘:‘ sasples in mormalized_tone

] det «lar“ ld(w, 2, p): yf = ffe(weolls, o))

= = lhfmx 1/ 100
Defines the amemmx equations for the coupled spring-mass system.

- ector of the state varfables: » = (x1, yl. x2, 2] pleploe (xf(:int (V/2)], np. aba (yf(:ine VD ]))
G 4 u.. sluxlin®0. 0.7
P i  vector of the parameters: p * [ml, m2, ki, k2, kappa, L] ple.ylin(o, 200)
- pit grid0
=, yl, 2, 2 = w pit show ()
ml, =2, k1, k2, b1, b2 kappa, L * p
£ = [n, 00
(b1 * y1 = kI * xI = kappa /(x2 = x1 * L)eed <kappa /Leed) / ml, s
2,
b2 ® 32 - k2 * x2 - kappa /(x2 - x1 + L)esi -kagpa /Leed) / =2) e
return f 123
109
01 np. sqred7. 55/(13. 56/1000)) »
23, 339516805603347 =
»
(] 7.9/7. 15082
o1 o2 . s o oe or

0. 13453078390241328
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Visual Studio Code (#1755 1T BB {EFERE S

~ Find the eigen-frequencies by Fourier Transform

[ ] from scipy.fft impors £fr. fftfreg

# Number of samples in normalized tone
N = len(z)

vf = fftlwsoll:. 01)
xf = fftfreq(N. 1 / 100)

plt.plot (xf[:int (N/2)]. np.sbs(yf[:int(N/2)1))
plt.xli=(0.1. 0.7

plt. yli={(0, 200)

plt. grid()

plt. show()

200

01 02 03 04 05 06 07

This kind of makes sense, from Figure 1, we see that the high frequency oscillation has ~ 3-4 oscillations in 10 seconds, and the low frequency
oscillation occurs in a timescale ~ 20 seconds.

From the fourier transform, we see two main frequencies, f1 ~ 0.31Hz and f; ~ 0.37Hz:
cos (2w f1t) + cos (2w fot) = 2cos (ZW#t) cos (2#%1&)

which (f; + f2)/2 ~ 0.34Hz > 3-4 oscillations per 10 seconds and (f; — f2)/2 ~ 0.03Hz-> 1 oscillation per 20 seconds

Note that the beat frequency is defined as fyoat = f1 — fo

~ Numerically solve the magnetically coupled oscillator

Ref: hitps:/scipy-cookbook.readthedocs.io/items/CoupledSpringMassSystem.html

[ ] from scipy.integrate import odeint

[ ] def vectorfield(w, t, p):

wnn

Defines the differential equations for the coupled spring-mass system.

W vector of the state variables: w = [xl, vyl, x2, vy2]
B g time
p : vector of the parameters: p = [ml, m2, kI, k2, kappa, L]

wnnw

xl, vl, x2, ¥v2 = w
ml, m2, k1, k2, bl, b2, kappa, L = p

f = [y,
(-b1 * y1 - kl * x1I - kappa /(x2 - x1 + L)*x4 +kappa /L¥¥4) / ml,
v2,
(b2 * y2 - k2 * x2 + kappa /(x2 - x1 + L)*¥4 —kappa /L¥t4) / m2]
return f

[ ] np.sart(7.55/(13.86/1000))

23. 339516805903347

[] 7.9/7.15%%2

0. 15453078390141328
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