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1School of Physical Sciences, University of Science and Technology of China, Hefei 230026

Abstract

This experiment simulates the Rutherford scattering process to investigate the behavior of a particles scattered in a Coulomb
potential field, with the aim of verifying the Rutherford scattering formula and determining the energy of the « particles. The
experiment consists of two parts: first, by adjusting the pressure in the scattering chamber and measuring the counting rate
at a fixed scattering angle, we examine the relationship between particle count and target thickness, and calculate the particle
energy; second, under constant low pressure, we measure the counting rates at different scattering angles to verify the inverse
fourth-power dependence of the differential scattering cross section on the scattering angle. Using linear fitting and analytical
inversion methods, we obtained the energy, range, and scattering intensity distribution of the particles. The results are in
good agreement with theoretical predictions, confirming the validity of the Rutherford scattering model and the reliability of
the experimental setup.
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def Newton(f, df, x0, epsilon ,MAXSTEP = 1000):
iterate = [x0]
for _ in (range (MAXSTEP+1)):
if df(x0) != 0:
x1 = x0 - £(x0)/d4f (x0)
else:
raise ValueError ("0 cannot be divided")
# print(x1)
iterate.append(x1)
if abs(xl - x0) < epsilon:
return iterate
else:
x0 = x1

return "There's no root around x0.", None

def Secant(f, x1, x2, epsilon, MAXSTEP = 1000):

iterate = [x1, x2]

f1 = £(x1)

for _ in (range (MAXSTEP+1)):
f2 = f(x2)
if £f2 - f1 != O:

x = x2 - f2*(x2-x1)/(f2-£f1)
else:
raise ValueError ("0 cannot be divided")
# print(x1)
iterate.append(x)
if abs(x - x2) < epsilon:

return iterate

else:
f1 = £2
x1 = x2
X2 = x
return "There's no root around x0.", None
def f(x):

return (0.285 + 0.005 * x) * pow(x,1.5) - 1.69

def df (x):
return 0.4275 * pow(x, 0.5) + 0.0125 * pow(x, 1.5)

if __name__ == "_ _main__":

x0_newton = [0.1, 0.2, 0.9, 9.0]

2
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for i in range(len(xO_newton)):

res = Newton(f, df, x0_newton[i], 1e-8)

print (f"Newton: x0 = {xO_newton[i]l}, root {res[-1]1}, steps = {len(res) - 1}.")
x_secant = [[0, 0.1], [0, 0.2], [0, 1.0], [0, 9.0]1]
for j in range(len(xO_newton[:])):
res = Secant(f, *x_secant[j]l, 1e-8)
print (f"Secant: x1 = {x_secant[j][0]}, x2 = {x_secant[jl[1]}, root = {res[-11},
steps = {len(res) - 1}.")

W

Newton: x0 = 0.1, root = 3.1603667461938865, steps = 7

Newton: x0 = 0.2, root = 3.1603667461938865, steps = 7

Newton: x0 = 0.9, root = 3.160366746193886, steps = 6

Newton: x0 = 9.0, root = 3.1603667461938865, steps = 6

Secant: x1 =0, x2 = 0.1, root = 3.1603667461938842, steps = 10.
Secant: x1 =0, x2 = 0.2, root = 3.1603667461938865, steps = 10.
Secant: x1 =0, x2 = 1.0, root = 3.160366746193886, steps = 9
Secant: x1 =0, x2 = 9.0, root = 3.1603667461938865, steps = 9
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pag = 10.5 g/cm?®
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