Creative Education Studies BIFTE H T, 2025, 13(9), 419-427 Hans X
Published Online September 2025 in Hans. https://www.hanspub.org/journal/ces
https://doi.org/10.12677/ces.2025.139715

T Python =5 - FizESEWKIEFREE
SHIEE B E

X6k, # 4K, F &I
JTARETER T HER TR, 7R L

Weks . 20254F7H24H; FHBER: 20254F9H3H; &AAHM: 20254F912H

wm B

P2 - LR RRIER T RAE TNLNIR, EFREVELRHEHRAFEEMN. £EEE
ZRETHE BREAMNE, HBIEESERSERAEAL. AXRE—FHREYERESTHER
BRI LRBAR D THTVE: B RN RREF TR U-FREfLR, 853 PythonZmiE RIE R B T EER 7
WERE; HMET 2R SRR TRIRERU-IHE, ERTEAREERSRETRIHRELS . Sk
USSR RAG S ETTARE, MU T SRYWENER, TEROER T HERTHEYEEB %
MBAEALEFL ST, AREVELRBABCERMS T H .

Xiid

P - KR, RBRS, BTERST, PythonkfE, LKEMHLK

Python-Based Calculation of the Proportions
of Mercury Atoms in Highly Excited States in
the Franck-Hertz Experiment

Ruilong Liu, Qin Xie, Jian Xu*

College of Electronics and Information Engineering, Guangdong Ocean University, Zhanjiang Guangdong

Received: Jul. 24, 2025; accepted: Sep. 3%, 2025; published: Sep. 12t, 2025

Abstract

The Franck-Hertz experiment is a classic experiment for verifying the quantization of atomic energy
levels and holds an important position in university physics experimental teaching. Traditional
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teaching mainly focuses on measuring the first excitation potential, which has obvious verification
characteristics but lacks exploratory nature. This paper proposes a new experimental data analysis
method that integrates physical modeling and computational thinking: first, the electron velocity
distribution function of the thermionic cathode is derived through inversion using Python program-
ming with the U-I characteristic curves under low-temperature conditions; then, based on this
model, the complex U-I curves under high-temperature conditions are analyzed to quantitatively
calculate the proportions of mercury atoms in different excited states. This method extends the clas-
sic verification experiment into a comprehensive research project, which not only deepens the un-
derstanding of experimental physics but also effectively cultivates students’ computational physics
thinking and data processing capabilities, providing new insights for university physics experi-
mental teaching reform.
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Figure 1. Electron velocity distribution under different
voltages
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Figure 2. Voltage-current curve at room temperature (30°C)
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Figure 3. Valid discrete current values at room temperature (30°C)
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Figure 4. Algorithm flowchart for electron velocity distribution func-
tion calculation

4. HEBEFRERS T R YT RIEE

P FEAE LR IhAesS: (1) BUEMN S IRAFREL . SR U-1 BdE, BT A o e A B B
AR HE; (2) BB EAZ DA FET (@) SLB B T HUF P ERTE R (3) “FiF AR RS
EEHLG T8, BB RE RS I R (4) &5 R%nE S5 rT b A pleist R 7 A h 2k
AT RZE DT Zo A RO E A RIS IERTRRIERS, WEEA T AR Xk, &ty 28GR,
AT - BRSO AANIES TN . X —25 RIGUE T A8 1 & FE A 507 v v bk
4. REFEHESHLHE
4.1. B U-1 HZRNES ot

Bhn#ur Bl SR iER, ik BIRE N 30CE 110°C, MEIFICHSEE T U-1 thZ,
wnE s Fis.

30°C

- — - 40°C
50°C

I/nA

- == 60°C
- == 70°C
80°C
- == 90°C
- - - 100°C
110°C

Figure 5. Voltage-current curves at different temperatures
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Figure 6. Peak and trough voltages in the voltage-current curve at 110°C
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Figure 7. Schematic for calculating the number of electrons
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