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1 import numpy as np
import matplotlib.pyplot as plt
from scipy.integrate import solve_ivp
from scipy.constants import g, mu_@, pi
from tqdm import tqdm

line_length =
hanging_point
m=0.1
damping_coefficient = 0.02
initial_speed = @
velocity_threshold = 0.003

0.4
= np.array([e.0, 0.0, 0.51)

pos_magnet_B np.array([-0.85, 0.0, ©0.0])
pos_magnet_D np.array([0.085, 9.8, @.0])
m_B = np.array([e.e, 0.0, 10.0])
m_D = np.array([e.e, 0.8, 10.0])

def dipole_force(ml, m2, rl, r2):
R=r2-rl1
R_mag = np.linalg.norm(R)
if R_mag == @:
return np.zeros(3)
R_hat = R / R_mag
mu=mu_08 / (4 % pi)
terml = np.dot(m2, R_hat) * ml
term2 np.dot(ml, m2) * R_hat
term3 np.dot(ml, R_hat) % m2
term4 = 5 * np.dot(ml, R_hat) * np.dot(m2, R_hat) * R_hat
return (3 * mu / R_magk*4) * (terml + term2 + term3 - term4)

simulate_and_classify(x, y):
if x*x%2 + y*k2 >= line_length**2:
return np.nan

z = hanging_point[2] - np.sqrt(line_length**2 - x%%2 - y%x2)
pos_init = np.array([x, y, z1)

vel_dir = np.cross(pos_init - hanging_point, [0, @, 11])
vel_dir = vel_dir / (np.linalg.norm(vel_dir) + 1e-8)
vel_init = vel_dir % initial_speed

y@ = np.concatenate([pos_init, vel_init])
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def motion_with_tension(t, y):
pos = y[:3]
vel = y[3:]
radial = pos - hanging_point
radial_unit = radial / np.linalg.norm(radial)
m_C = radial_unit
gravity = np.array([@, 8, -m % gl)
magnetic = dipole_force(m_B, m_C, pos_magnet_B, pos) + dipole_force(m_D,
m_C, pos_magnet_D, pos)
damping = —-damping_coefficient * vel
F_ext = gravity + magnetic + damping
v2 = np.dot(vel, vel)
tension = m * v2 / line_length + np.dot(F_ext, radial_unit)
acc = (F_ext - tension x radial_unit) / m
return np.concatenate([vel, accl)

def stop(t, y):

return np.linalg.norm(y[3:]) - velocity_threshold
stop.terminal = True
stop.direction = -1

sol = solve_ivp(motion_with_tension, [@, 101, y@, events=stop, max_step=0.05)
final_pos = sol.y[:3, -1]

return 1 if np.linalg.norm(final_pos - pos_magnet_B) <
np.linalg.norm(final_pos - pos_magnet_D) else ©

res = 50

x_vals = np.linspace(-8.2, 0.2, res)
y_vals = np.linspace(-0.2, 0.2, res)
Z = np.zeros((res, res))

for 1, x in enumerate(tqgdm(x_vals, desc="Simulating grid")):
for j, y in enumerate(y_vals):
Z[j, il = simulate_and_classify(x, y)

.figure(figsize=(8, 6))

.imshow(Z, extent=[-0.2, 0.2, -0.2, ©.2], origin='lower', cmap='coolwarm',
alpha=0.8)

.xlabel("Initial x (m)")

.ylabel("Initial y (m)")

.title("Attraction Region: @ = D (Red), 1 = B (Blue)")
.colorbar(label="Final Magnet")

.grid(True)

.show()
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from dipole_terry import *

dx = 0.02
Nx = 10
dy = 0.02
Ny = 10

Sx = —Nxxdx
Sy = -Nyxdy

field = np.zeros((Nyx2,Nxx2) )
e = Experiment()

import matplotlib.pyplot as plt
from renderer import *

T,Pos = e.simulation(0.05,0.1)

print(Pos[-1])

print(len(T))

render_trajectory(T,Pos,magnets=e.magnets, speed=1,size=0.2)

''"'T,Pos = e.simulation(-0.13,0.1)

print(Pos[-1])

print(len(T))
render_trajectory(T,Pos,magnets=e.magnets,speed=1,size=0.2)"""'

for ix in range(-Nx,Nx):
for iy in range(-Ny,Ny):
X = ixxkdx
y = iyxdy

T,Pos = e.simulation(x,y)
print(len(T))
field [Ny+iy] [Nx+ix] = Pos[-1][0]

import matplotlib.pyplot as plt
fig, ax = plt.subplots()

im = ax.imshow(field, cmap="bwr")
ax.set_box_aspect(1)
fig.tight_layout()

plt.show()
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import numpy as np
import matplotlib.pyplot as plt
from dipole_one_terry import *

Experiment()

X = np.arange(@,Dx*N,Dx)
T =11
Poss = []

for x in np.arange(@,DxxN,Dx):
e.__init__()
e.pos[@] = x
T,Pos = e.simulation()
Posl = np.array([i[@] for i in Pos])
e.__init__()
e.pos[@] = x+dx
T,Pos = e.simulation()
dPos = np.array([i[@] for i in Pos])-Posl
dPosrel = dPos/dx
dPosrel = np.log(abs(dPosrel))
dPosrel = dPosrel / T
Poss.append(np.array(dPosrel))

fig = plt.figure()
ax = fig.add_subplot(111, projection="3d")
ax.set_xlabel("$X_8% (m)")
ax.set_ylabel("Time (s)")
ax.set_zlabel("Lyapunov Exponent")
X,y = np.meshgrid(X,T)
surf = ax.plot_surface(x, y, np.swapaxes(np.array(Poss),9,1), cmap="viridis",
alpha=0.8)
cbar = fig.colorbar(surf, ax=ax,
shrink=0.6,
aspect=15,
pad=6.1)
plt.show()
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