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Abstract

The main purpose of this article is to explore the application and effectiveness analysis of Python
visualization tools in higher mathematics teaching. With its powerful scientific computing library
and rich data visualization capabilities, Python can transform abstract core concepts and complex
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computational processes in advanced mathematics into intuitive graphics and interactive code, ef-
fectively reducing students’ cognitive difficulty. This not only helps to stimulate students’ interest
in learning and enhance classroom interaction, but also helps cultivate their ability to use Python
to solve practical engineering problems. Integrating Python into higher mathematics teaching can
significantly enhance students’ skills in using programming for mathematical modeling and com-
putation, and has important practical significance for achieving the training goals of applied and
innovative talents.
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Figure 1. The graph of function f (x) =(1+ E) on the interval [0,103}
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Figure 2. The definite integral of the function f (x)=

on the interval [0, 7]
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Figure 3. Curve of the intersection line between hemispherical surface z =+/4 - x*> —y? and cylindrical surface (x —1)2 +y*=1
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Table 1. Student performance evaluation
1. FERSIFEN
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AFE(EERA) 90 A 9 A (10%) 17 N(18.9%) 24 A(26.7%) 27 N(30%) 13 A(14.4%)
B ZH (0 R AH) 9 A 3 A(3.3%) 16 A\ (17.8%) 26 N\ (28.9%) 25 N(27.8%) 20 A\(22.2%)
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1. Python FEAR KR # KR
AR IF -

import numpy as np
import matplotlib.pyplot as plt
import math

# WE T RMEES
plt.rcParams['font.sans-serif'] = ['SimHei', 'Arial Unicode MS', 'DejaVu Sans']
plt.rcParams['axes.unicode_minus'] = False

def visualize_limit():
AIAAL R AR f(X) = (1 + LX) 1E x &I T 55 RIS FRAT
R i T B AR E K e B
# R X WBUMERIBCRE, A R s IR BRI AR
x_small = np.linspace(1, 10, 100) # /NGRS POEARL
Xx_medium = np.linspace(10, 100, 200)  # HyulEl, ML TR
x_large = np.linspace(100, 1000, 300) # AXVEHE, MEiaEiair

# PSR y B

y_small = (1 + 1/x_small)**x_small
y_medium = (1 + 1/x_medium)**x_medium
y_large = (1 + 1/x_large)**x_large

# QU EEAT A
fig, (ax1, ax2) = plt.subplots(1, 2, figsize=(15, 6))

# BT EREE LA

ax1.plot(x_small, y_small, 'b-', linewidth=2, label="f(x) = (1 + 1/x)"x’)
ax1.plot(x_medium, y_medium, 'b-', linewidth=2)

axl.plot(x_large, y_large, 'b-', linewidth=2)

# UNINER IR AR PR 2R

e_value = math.e

axl.axhline(y=e_value, color="r', linestyle="--', linewidth=2,
label=f'y = e = {e_value:.8f})
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# OISO HE R BRI
key points =1, 2, 5, 10, 50, 100, 500, 1000]
for x_point in key_points:
if x_point <= 1000:
y_point = (1 + 1/x_point)**x_point
axl.annotate(f'({x_point}, {y_point:.4f})",
Xy=(x_point, y_point), xytext=(10, 10),
textcoords="offset points', fontsize=8,
bbox=dict(boxstyle="round,pad=0.3', facecolor="yellow', alpha=0.7))

axl.set xlabel('x")

axl.set_ylabel(*f(x)")

axL.set_title('B& % f(x) = (1 + 1/X)"x HIHZFRAT ")

ax1.legend()

ax1.grid(True, alpha=0.3)

axl.set_xscale('log’) # i F 0 A B o b i 7= RV e B e

# BATE: BOE, RiEEirid i
ax2.plot(x_medium, y_medium, 'g-', linewidth=2, label="f(x)")
ax2.plot(x_large, y_large, 'g-', linewidth=2)

# U INAR PR A AR 22 7

ax2.axhline(y=e_value, color="r', linestyle="--', linewidth=2,
label=f'y = e = {e_value:.8f}")

# WS IR ZE 7 (+0.01)

ax2.axhline(y=e_value + 0.01, color="orange’, linestyle="", linewidth=1,
alpha=0.5, label="e £ 0.01")
ax2.axhline(y=e_value - 0.01, color="orange', linestyle=":", linewidth=1, alpha=0.5)

ax2.fill_between(x_large, e_value - 0.01, e_value + 0.01, alpha=0.1, color="orange")

ax2.set_xlabel('x")

ax2.set_ylabel("f(x)")

ax2.set_title("H PR & i FE (ROR AL E)")

ax2.legend()

ax2.grid(True, alpha=0.3)

ax2.set_ylim(e_value - 0.02, e_value + 0.02) # JUK y HhizH

# I EEA R
plt.tight_layout()
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plt.show()

# FTENBUE T4 1
print("EUE A HTEEER: )

print("="* 50)
print(f"EE S PRAE: e = {e_value:.10f}")
print("-" * 50)

test_points = [1, 10, 100, 1000, 10000, 100000]
for x in test_points:
y_calculated = (1 + 1/x)**x
error = abs(y_calculated - e_value)
error_percent = (error / e_value) * 100
print(f'x = {x:6d}: f(x) = {y_calculated:.10f}, "
f iRz = {error:.2e} ({error_percent:.6f}%)")

def analyze_convergence_rate():

print("\n Y SHE oA ™)

print("="* 50)

x_values = [10**i for i in range(1, 7)] # 10, 100, 1000, ..., 1000000
e_value = math.e

prev_error = float('inf")

for i, x in enumerate(x_values):
y = (1 + 1/x)**x
error = abs(y - e_value)
ifi>0:
convergence_ratio = prev_error / error
print(f'x = {x:8d}: %% = {error:.2e}, WStk = {convergence_ratio:.2f}")
else:
print(f'x = {x:8d}: %% = {error:.2e}")
prev_error = error

# FRFP
def main():

FRHC: AT TR W AN SR E 73 H
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visualize_limit()
analyze_convergence_rate()

# A A
def test_functions():

print("MHX R BT H AR )
print("="* 50)

# A LA D8 U R B
test_points =[1, 2, 5, 10, 100]
for x in test_points:
y = (1 + 1/x)**x
print(f"f({x}) = {y:.8f}")

# IEAR PR AE

e_value = math.e

large_x = 1000000

y_large = (1 + 1/large_x)**large_x

error = abs(y_large - e_value)

print(f"\n B8 AERZER: ™)

print(f 4225 % e = {e_value:.10f}")

print(f"2 x = {large_x} i, f(x) ={y_large:10f}")

print(f"ix % = {error..10f} (#HXF 1R 2 = {(error/e_value)*100:.8f}%)")

if _name_ =="_main_ "
# a7 AP
main()

# 1247 M H
print("\n" + "=" * 50)
print("ThReM K ")
print("="* 50)
test_functions()
iz1y, RPAIfREA 1.

2. Python ZE &4+ FI M A

import numpy as np
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from scipy import integrate

import matplotlib.pyplot as plt

#1. E AR ER L

def integrand(x):
« »EXWERRE: (e *sin(X)) /sqrt(l + x*2) «  »»
return (np.exp(x) * np.sin(x)) / np.sgrt(1 + x**2)

#2. WEMS TR LR

a=0 # TR

b=nppi # LR

#3. ] quad B&EEEATBUE AR 7>

#quad REIPIME: B4R — A3 R ZE Rl

result, error_estimate = integrate.quad(integrand, a, b)

#4. FTENSER

print(“AUE A 7 45 1)

print(F"F1531H 1 = {result}”)

print(f"i% Z {11 + {error_estimate}”)

# (AT k) PTARAL A R B, R AR AT IEAER AT 4

x_vals = np.linspace(a, b, 500)

y_vals = integrand(x_vals)

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

plt.plot(x_vals, y_vals, ‘b-*, linewidth=2, label=r"$f(x) = \frac{ex \sin(x) }{\sqrt{1 + x"2}}$")

plt.fill_between(x_vals, y_vals, alpha=0.3) # 3H 714 [X 15k

plt.xlabel(‘x”)

plt.ylabel(“f(x)’)

plt.title(‘ 7€ A 73 FI B AR BR EL)

plt.grid(True, linestyle="—', alpha=0.7)

plt.legend()

plt.show()

217, RimragEE 2.

3. Python 7E%% [RIf#AT ) LT 4% B = (9 B2 A
import numpy as np

import matplotlib.pyplot as plt

from mpl_toolkits.mplot3d import Axes3D
# WESH

a=20 # FHRSH

t = np.linspace(0, 2*np.pi, 200) # =%t
# AL SHOT TR (R4 22 e i 2k)
X =a/2* (1 + np.cos(t))

y = al2 * np.sin(t)
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zZ=a*np.sin(t/2)

# @ 3D KB

fig = plt.figure(figsize=(12, 10))

#1. ZIas e h 2k

ax1 =fig.add_subplot(221, projection="3d")
ax1.plot(x, y, z, 'r-', linewidth=3, label="27 £k L (442 e th£k))
axl.set_xlabel("X")

axl.set_ylabel("Y")

axl.set_zlabel('Z")

ax.set_title("} 3R 5 [E AT [ K 52 2k")

ax1.legend()

ax1.grid(True)

#2. AL + PERI

ax2 = fig.add_subplot(222, projection="3d")

# A ECEER T A

theta = np.linspace(0, 2*np.pi, 50)

phi = np.linspace(0, np.pi/2, 25) # HEL L¥#5
theta, phi = np.meshgrid(theta, phi)

X_hemi =a * np.sin(phi) * np.cos(theta)

Y _hemi =a * np.sin(phi) * np.sin(theta)

Z_hemi =a * np.cos(phi)

# 2RI (B )

ax2.plot_surface(X_hemi, Y_hemi, Z_hemi, alpha=0.3, color="blue’, label="2-Ek ")
ax2.plot(x, y, z, 'r-", linewidth=3, label="2z £&")
ax2.set_xlabel("X")

ax2.set_ylabel("Y")

ax2.set_zlabel('Z")

ax2.set_title('s2 2k 5 - BRIM")

ax2.set_zlim(0, a)

#3. ek + Bk

ax3 = fig.add_subplot(223, projection="3d")

# A R A T A

theta_cyl = np.linspace(0, 2*np.pi, 50)

z_cyl = np.linspace(-0.5, a, 50)  # [&I4F () S
theta_cyl, z_cyl = np.meshgrid(theta_cyl, z_cyl)
X_cyl =a/2 * (1 + np.cos(theta_cyl))

Y_cyl = a/2 * np.sin(theta_cyl)

Z cyl=z_cyl

# 2 B T (% )

ax3.plot_surface(X_cyl, Y_cyl, Z_cyl, alpha=0.3, color="green’, label="[& #}1fi")
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ax3.plot(x, y, z, 'r-', linewidth=3, label="% £&")
ax3.set_xlabel("X")

ax3.set_ylabel("Y")

ax3.set_zlabel('Z")

ax3.set_title('s2 £ 5 [RIAE ")

ax3.set_zlim(0, a)

#4, ZFALF—ARERR T

ax4 = fig.add_subplot(224, projection="3d")
ax4.plot_surface(X_hemi, Y_hemi, Z_hemi, alpha=0.2, color="blue")
ax4.plot_surface(X_cyl, Y_cyl, Z cyl, alpha=0.2, color='green’)
ax4.plot(x, y, z, 'r-, linewidth=4, label="2z £&")
ax4.set_xlabel("X")

ax4.set_ylabel("Y")

ax4.set_zlabel('Z")

ax4.set_title( =& KR L)

ax4.set_zIlim(0, a)

plt.tight_layout()

plt.show()

# R 2 ) BT I 1 28 2k

fig2 = plt.figure(figsize=(10, 8))

ax = fig2.add_subplot(111, projection="3d")

# 2 AC 2 ith £

ax.plot(x, y, z, '-', linewidth=4, label=f'4:4t 7 JE th £k (a={a}))
# A INALFR A AR

# O AN AT

ax.scatter([a], [0], [0], color="bluge', s=100, label="{Z & (a,0,0)"
ax.scatter([0], [0], [a], color="green’, s=100, label="fx = & (0,0,a)')
# WEMA

ax.view_init(elev=30, azim=45)

ax.set_xlabel("X %', fontsize=12)

ax.set_ylabel("Y #r', fontsize=12)

ax.set_zlabel('Z #r', fontsize=12)

ax.set_title("4E4E 22 J& i £k (+ 3K 5 [F A i 1) A2 2k)', fontsize=14)
ax.legend()

ax.grid(True)

# BB AP G

ax.set_xlim([-0.5, a+0.5])

ax.set_ylim([-a/2-0.5, a/2+0.5])

ax.set_zlim([0, a+0.5])

plt.tight_layout()
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plt.show()
# ATED BRI RS B

print(f"Z4 a={a}")
print("#th £t T FE(SEOEN): ")

print(f" x={a/2}(1 + cos(t))")

print(f* y = {a/2} sin(t)")

print(f" z ={a} sin(t/2)")

print("\n H 2 S AAFR: )

print(f* t=0:  ({a}, 0, 0) # ")
print(f* t=n: (0, 0, {a}) # )
print(f*  t=2m:  ({a}, 0, 0) # (B 2 A
print(f* t=n/2: ({a/2}, {a/2}, {a/np.sqrt(2):.3f})")
17, BIRT1R3IA 3,

4. Python 7E = EARAMTHE A R F
import numpy as np
from scipy.integrate import tplquad
# 0 LR EL f(x, y, 2) =x+y
def integrand(z, y, x):
return x +y
# B Q: BPPIH x+y+2z =1 5AR%RTH RS DY T A
#xJufE: 031
#y Jal: X T X, y A0 F] 1-x
#z Ul TN y), z A0 F] 1-x-y
result, error = tplquad(

integrand, # PRREL

0,1, #x Ju [0, 1]

lambda x: 0, #y MIRBROCT x BRI )
lambda x: 1 - X, #y B ERCEET x FIR%0)
lambda x, y: 0, #z PR IRCET x, y IR

lambda x,y:1-x-y #z I EBROST %,y BIRE)
)
print("BUEFA > 45 A", result)
print("iz Z At 11", error)
print("fF#ATAE R 1/12:", 1/12)
print(" P9 ZE{H:", abs(result - 1/12))
147, BIRIfR3I45R.
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