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Abstract

Artificial intelligence empowers higher education, and the 2023 “Basic Requirements for University
Physics Experiment Courses in Science and Engineering” requires the digitization of experimental

SCESIH: ARSI, FOURR, BARME, BTN, SR BT T BRI S SR A B SR DL B
#, 2025, 15(5): 351-360. DOI: 10.12677/app.2025.155041


https://www.hanspub.org/journal/app
https://doi.org/10.12677/app.2025.155041
https://doi.org/10.12677/app.2025.155041
https://www.hanspub.org/

(AN e

instruments. We have designed a set of pendulum experiment equipment, which takes the Blue-
tooth module and angle sensor as the core components. This design simplifies the experimental ac-
cessories, improves the utilization of space, and enhances the accuracy of measurements. Based on
this digital instrument, and starting from the purpose of university experimental teaching, we have
designed three digital experiments. These experiments are closely linked with theoretical, while
also taking into account the characteristics of visualization, digitalization, and modularization. It is
conducive to students mastering professional knowledge, enhancing their experimental operation
skills and levels.
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Figure 1. Complex pendulum (irregular rigid body)
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Figure 2. Schematic diagram of instrument
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Figure 3. Image of the instrument
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Figure 4. Image of bluetooth communication module
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Figure 5. BM78 flowchart
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Figure 6. Schematic diagram of the complex pendulum
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Table 1. Distance from each axle to ednpoint a (dn/cm)

1. BEHEIRS a BB (dy/cm)

di d> ds dy ds de dr ds
0.00 2.00 4.02 6.02 8.00 10.00 11.98 14.00
do do dn d2 di dia dis
16.00 18.00 20.01 22.00 24.03 26.02 28.01

Table 2. Period T of each shaft at different sampling frequencies

2. TRIRHFRFENSEHMILEAN I

T (s) PgEs T ES

10 Hz 20 Hz 50 Hz 100 Hz
T 0.87 0.87 0.87 0.872
T2 0.84 0.84 0.84 0.843
T3 0.83 0.82 0.82 0.821
Ts 0.81 0.81 0.81 0.812
Ts 0.83 0.83 0.83 0.829
Ts 0.91 0.91 0.91 0.911
T 1.17 1.17 1.17 1.169
Ts / / / /
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gk
Ty 1.17 1.17 1.17 1.167
Two 0.91 0.91 0.91 0.909
Tn 0.83 0.83 0.83 0.830
T2 0.81 0.81 0.81 0.812
T3 0.83 0.83 0.82 0.820
T4 0.85 0.84 0.84 0.842
Tis 0.87 0.87 0.87 0.871
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Figure 7. Figure of 7-d fitting for four frequencies
B 7. MR T-d A E

AT T RBURAESR 10 Hz 1520006 M Ao Z= 0K, BEE RAFESIAGHOR ih 2 B 7, XX Lo %y
PR DB BUE A To=0.84s, (R IEEAMBIEER Y% T T, FH MATLAB 840 &
H 2RI [ SR APAH S o, 15 25 BB N JINig AU 24 = I O go=9.7936 m/s?, Hidla4h
REWZE 3 P,

Table 3. Equivalent pendulum length /, gravitational acceleration g, absolute error J, and relative error E obtained from four

different sampling frequencies

3. MMSRAHRRBRNEZREK [« EHMEE g BIHRE 6 SHEMNREE

PR I/m g/m-s? é/m-s2 E/%
10 Hz 0.1692 9.4696 —0.3240 33
20 Hz 0.1736 9.7129 —0.0807 0.82
50 Hz 0.1736 9.7129 —0.0807 0.82
100 Hz 0.1733 9.6962 —0.0904 0.99
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4 1y B A SR AR IR RPN 10 Hz 1 100 Hz 325 18 i, 045 28 57 sl B 1 501 3 2 BAT B SR A /)
g, T LA SRR i A A AT P B e L S i, 25 B AR A B A B2 Jm SR K b B, ST
RRAF AR B 100 Hz.

4.2. B - FUHEREBEX LR

V440 AL RS B SRR IE PR 100 Hz, FAE AR AL T /M B2 A BRIE SRS, 8 FHLEATA80m
B, FIFH Tracker BAFFF NI AT G 48 30 7 A A0 BRECH HE 0 B . 1 BEAR IR AR . Tracker FAFFIFAL
RAT G S A AT A R Q36 4 B SP8dER 4 FR | RSN ikl e, A REUN 5, KA
MATLAB Z: K453 2| RAE 3 FR 4 N 3R45 T-d thZan & 8 fos.

Table 4. Period Ty of each shaft under three measurement methods

4.3 MNERRN T EEMILEAN L

REEHR
)ﬁ% Tn (S)
AR RS Tracker ¥ fF FHALS R R A

T1 0.873 0.874 0.87
T2 0.844 0.843 0.85
T3 0.821 0.823 0.83
T4 0.813 0.810 0.81
Ts 0.829 0.827 0.83
Ts 0.908 0.910 0.91
T7 1.169 1.169 1.17
Ts / / /
To 1.167 1.174 1.17
T1o 0.906 0.907 0.91
Tn 0.828 0.827 0.83
T2 0.812 0.812 0.81
T3 0.822 0.821 0.83
T4 0.844 0.843 0.85
Tis 0.872 0.873 0.87
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Figure 8. Figure of 7-d fitting under three measurement methods
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ST 8 IR FH T HLARA g 5 5 SR AR B 30 2R Z2 50K, Ut BH LA G 6 0P R R A
A TRV K, A7 AE R A AR 22 . BIUE — A To=0.84 s, 1 52 12 1E A3 H: 1 A IR 5T 7o, A MATLAB
B P 8 0L B 2 198 1) SR AT I 1) o, 15 380 S5 RIS R EE 9 03 58, BN 244 L ) 5 0 IS M g0 = 9.7936
m/s?, R REWE 5 Fim.

Table 5. Equivalent pendulum length /, gravitational acceleration g, absolute error J, and relative error E obtained from three
measurement methods

F# 5.3 MUNEAFATHIMFIYEK [\ EHMEE ¢ BINRE 6 SEFIREE

WEHFK I/m g/m-s? o/m-s2 El%
AR 0.1728 9.6682 —0.1254 1.3
Tracker 4 0.1718 9.6122 -0.1814 1.8
FHSR R R A 0.1659 9.2821 -0.5115 5.2

IIHTIEL 8 ANEE 5 R 3 il T 3 e A AR S I A B ) T SR A R e T LR . T
G SR A SRAT Bt 15 22 DK 10 Ji AT T R AL 52 S A LA ) = R (30 D) AT IRV S5 L BERRD - Tracker X
P SRAG B A WO s 22 2 AL AERTIR, BIAE Tracker RSN SE LA HE, 2 DI JEALH 30 it
IR R A T A7 L IR 2
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Figure 9. Schematic diagram of the Kate pendulum
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Tro FPKRINE: O Op ZIBIEEES 1, #R4E I MIBTINE SIS go 1A 75 M URF B BT M AL IR 3 1,
DR T, W5 KEREE A 8D, fEM|T - To|<5ms, ARJGHERHEIER:T MGG L RER
F/MERE B B C, IR 7R B L SR BRI AT, T -1 < 1 ms NI SRR 2R
MEFAT AT, FACRRWNE 6 Fin. HEHZIREYRHEE.C G E, JHIE G5 oM 8EE 1
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Table 6. Kate pendulum period 71 and inverted period 72
% 6. YUHEEHEN T MEEET,

I R H/n EEEFBA T/s RIEE A To/s
1 1.153 1.156
2 1.153 1.155
3 1.153 1.156
4 1.154 1.155
5 1.153 1.155
EME 1.153 1.155
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Table 7. Kate pendulum period 71 and inverted period 72
F 7. YHFHEEL GE O OoMIEES hiy b MUK [

& R Hm hi/cm ha/cm l/em
1 10.90 22.05 33.00

2 11.00 22.00 33.10

3 10.98 21.95 33.05

4 10.95 22.00 33.08

5 11.00 22.00 33.05
A 10.97 22.00 33.06

W 6 FZ 7 (B, 13817 =1.153s . T, =1.155s, h =10.97 cm« h, =22.00cm [ =33.06 cm -
FR A VAR 4200 = g Insd 2 A 20(5), ﬁﬁﬁﬁiﬁm HE g.

47* )
- =9.7499 m-s 5
Trer ner ®
20 2(h—hy)
ZEHUN S E N g, =9.7936 m/s* , MIAIXFRE E 2~ 0.44%.
£ 1878l 1000 = 0.44%
8o
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