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Abstract

The data processing component in university physics laboratory courses embodies substantial
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methodological significance. However, the conventional processing approaches currently employed
in these courses have become increasingly ossified and inadequately aligned with subsequent special-
ized curricula, thereby constraining the pedagogical potential of this crucial instructional segment.
Motivated by curriculum reform, this paper introduces the Kalman filtering algorithm into the
data processing workflow of classical physics experiments, leveraging state-space models and re-
cursive estimation mechanisms to integrate modern filtering theory with experimental practice.
One-dimensional and two-dimensional Kalman filtering models are constructed for three repre-
sentative cases: Voltage measurements in liquid surface tension experiments, oscillation period
measurements in trifilar pendulum experiments, and voltage sequences from temperature sen-
sors in unbalanced bridge circuits. Experimental results demonstrate that one-dimensional fil-
tering effectively suppresses random fluctuations and operational anomalies in repeated meas-
urements, while two-dimensional filtering automatically captures linear trends, thereby circum-
venting the subjective biases inherent in manual fitting. More significantly, the introduction of
this method enables students to access fundamental concepts of state estimation and data fusion
at the introductory laboratory stage, establishing a theoretical and methodological groundwork
for subsequent courses in automatic control, sensor technology, and digital signal processing.
This study offers a viable pathway for reforming university physics laboratory instruction by lev-
eraging innovation in data processing methodologies as a catalyst for bridging fundamental
coursework with professional education.
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3.1.1. AFEREKNDIBRREENE

Table 1. Measurement values and posterior estimates of the voltage AU (mV) in the liquid surface tension experiment

1. RAERMKALEHBEE AU (mV)FSNEER R THE

kIR 1 2 3 4 5 6 7 8 9 10
I EAE 3.92 4.21 4.07 3.98 3.8 4.08 4.01 3.83 3.46 4.05
5 k+10K 11 12 13 15 15 16 17 18 19 20
I AE 4.30 4.25 4.28 4.24 4.29 4.26 3.90 430 4.53 4.50
5 k+20 K 21 22 23 24 25 26 27 28 29 30
W HAE 4.52 4.14 4.28 4.32 4.04 4.37 4.65 4.56 4.23 3.97
5k 1 2 3 4 5 6 7 8 9 10
JES AT 3.96 4.04 4.05 4.04 3.99 4.01 4.01 3.98 3.92 3.93
Fk+10K 11 12 13 15 15 16 17 18 19 20
Jag Attt 3.98 4.01 4.04 4.06 4.08 4.10 4.12 4.08 4.10 4.14
Hk+20 K 21 22 23 24 25 26 27 28 29 30
JEg Al 4.18 4.21 4.21 4.22 4.21 4.22 4.26 4.29 4.28 4.25
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Figure 1. Measured voltage values and Kalman-filtered posterior estimates (blue and red lines, respectively)
in the liquid surface tension experiment
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Table 2. Measured values and posterior estimates of the oscillation period T (s) in the trifilar pendulum experiment for meas-
uring the moment of inertia of a rigid body

2. ZEBNENFENREXETRIEFY T oRNEERFRMAITE

H kR 1 2 3 4 5 6
WA 28.959 29.886 29.838 29.416 28.633 28.630
Fhk+6iR 7 8 9 10 11 12
A 29.351 28.974 29.996 28.006 28.532 28.162
FhE+12K 13 14 15 16 17 18
W AE 29.581 28.576 29.970 28.996 28.936 28.304
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KL

% k+ 18 I 19 20 21 22 23 24
W AE 29.807 29.516 29.753 28.640 28.458 29.816
B k+24 K 25 26 27 28 29 30
WA 28.155 28.498 29.150 29.983 29.599 28.015
kIR 1 2 3 4 5 6
JEs Attt 28.959 29.354 29.504 29.482 29.298 29.168
Fhk+6iR 7 8 9 10 11 12
JEs AT 29.201 29.162 29.299 09.094 29.007 28.878
% k+ 12K 13 14 15 16 17 18
Jag Attt 28.984 28.923 29.078 29.066 29.047 28.938
FE+HI8IK 19 20 21 22 23 24
JEg At 29.065 29.131 29.222 29.137 29.038 29.152
F k24K 25 26 27 28 29 30
JE Rl 29.006 28.932 28.964 29.113 29.184 29.013

Table 3. Measured values of other physical quantities in the trifilar pendulum experiment for measuring the moment of inertia

of a rigid body
F 3. ZERIENENAENRESLR P EHBYIEENEE
IR E m (g) 245 1% R (mm) L A# AR r (mm) LN REE RS H (mm)
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Figure 2. Line plot of the measured values of the oscillation period T and the Kalman-filtered posterior esti-
mates in the trifilar pendulum experiment for measuring the moment of inertia of a rigid body. The blue and
red lines denote the measured results and the filtered posterior estimates, respectively
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Table 4. Measured values and posterior estimates of the voltage AU (mV) in the unbalanced bridge experiment for measuring
temperature characteristics of a temperature sensor

F 4. EFEHEFUEREERFEEFHELEREEE AU mV)BUNEERERMATHE

kIR 1 2 3 4 5 6 7 8 9 10
M EAE 4.6 4.8 6.0 6.5 8.0 8.5 9.1 9.6 10.7 10.8
B k+ 10 K 11 12 13 15 15 16 17 18 19 20
MEAE 12.1 12.9 13.2 13.7 14.3 15.1 16.4 16.6 17.6 18.1
5 k+20 K 21 22 23 24 25 26 27 28 29 30
MEAH 18.7 18.8 19.7 20.6 20.9 219 22.1 23.8 243 24.8
kIR 1 2 3 4 5 6 7 8 9 10
Ja I Ad T 4.6 4.8 5.7 6.4 7.6 8.4 9.2 9.8 10.6 112
5 k+10 K 11 12 13 15 15 16 17 18 19 20
Ja it 12.0 12.8 13.4 14.0 147 153 16.1 16.8 175 182
5 k+20 K 21 22 23 24 25 26 27 28 29 30
Ja it 18.9 19.4 20.0 20.7 21.3 21.9 22.5 23.3 24.0 24.7
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Figure 3. Line plot of the measured voltage AU and the Kalman-filtered posterior estimates in the bridge
method experiment for measuring temperature characteristics of a temperature sensor. The blue and red lines
denote the measured results and the filtered posterior estimates, respectively
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