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Barrier height: 10.0
particle's energy': 5.0
probability of tunneling (T):

--- less Energy ---
particle's energy: 1.0
probability of tunneling (T):
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import numpy as np
from scipy.integrate import quad
from scipy.optimize import fsolve

hbar = 1.0
1.0
10.0
1.0

eckart_potential(x, VO, L):
return VO / np.cosh(x / L)**2
calculate_tunneling probability(E, V@, L):
if E >= Ve:

return 1.0
x2 = L * np.arccosh(np.sqrt(Ve / E))
x1 -X2

wkb_integrand(x):

return np.sqrt(2 * m * (eckart_potential(x, V@, L) - E))
integral value, _ = quad(wkb_integrand, x1, x2)
T = np.exp(-2 * integral_value / hbar)
return T

particle_energy = 5.0
probability = calculate_tunneling_probability(particle_energy, VO, L)

print(f"Barrier height: {Ve}")
print(f"particle's energy': {particle_energy}")
print(f"probability of tunneling (T): {probability ")

particle_energy low = 1.0

probability low = calculate_tunneling probability(particle energy low, VO, L)
print("\n--- less Energy ---")

print(f"particle's energy: {particle_energy low}")

print(f"probability of tunneling (T): {probability low ")
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import numpy as np
kB = 8.617e-5
lel3
10.0

calculate classical rate(T):
if T ==
return 0.0

return A * np.exp(-Ea / (kB * T))
temp_room = 300
rate _room = calculate classical rate(temp room)
print(f"Classic reaction rate at room temp ({temp_room} K): {rate_room ")
temp_interstellar = 10

rate_interstellar = calculate classical rate(temp_interstellar)
print(f"Classic reaction rate at interstellar cloud temp({10} K):
rate interstellar ")
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import numpy as np
import matplotlib.pyplot as plt
from scipy.integrate import quad

hbar = 1.0
1.0
10.0
1.0
8.617e-5
1lel3

eckart_potential(x, V@, L):
return V@ / np.cosh(x / L)**2

calculate tunneling probability(E, V@, L):
if E >= Vo E <= 0: return 1.0 if E >= VO else 0.0
try:
x2 = L * np.arccosh(np.sqrt(Ve / E))
except (ValueError, ZeroDivisionError):
return 0.0




x1l = -x2
wkb_integrand(x):
return np.sqrt(2 * m * (eckart_potential(x, VO, L) - E))
integral value, _ = quad(wkb_integrand, x1, x2)
T = np.exp(-2 * integral value / hbar)
return T

calculate _classical rate(T, Ea):

if T == 0: return 0.0

return A * np.exp(-Ea / (kB * T))
temperatures = np.linspace(10, 300, 200)
classical rates = []
quantum_rates = []

for T in temperatures:
k_classical = calculate_classical_rate(T, Ea=V@)
classical rates.append(k classical)
tunneling prob = calculate_tunneling probability(E=1.0, V@=Ve, L=
k_quantum = A * tunneling prob
guantum_rates.append(k_quantum)

plt.figure(figsize=(10, 6))

plt.semilogy(temperatures, classical rates, label='Classical Rate (Arrhenius)’,
color="red', linestyle='--")

plt.semilogy(temperatures, quantum_rates, label='Quantum Rate (Tunneling)',
color="blue', linewidth=2)

plt.xlabel( ' Temperature (K)")

plt.ylabel('Reaction Rate (log scale)')

plt.title( 'Quantum Tunneling vs. Classical Reaction Rate')

plt.legend()

plt.grid( , Which="both", 1s="-")

plt.axvline(x=50, color='gray', linestyle=':"', label='Crossover Temp.")
plt.show()
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