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Abstract

The measurement of liquid refractive index is an important component of university physics optical
experiments. Traditional methods mostly rely on manual observation and reading, which present
issues such as cumbersome operation, easy contamination of samples, and significant random er-
rors. To address these problems, this paper designs a non-contact measurement system consisting
of alaser light source, a rotating platform, and a linear array CCD module based on the law of refrac-
tion and the principle of lateral spot displacement. A supporting upper-computer data acquisition

XES|IF: 1o, R, BN, SAIE . £k cCD R EAYT S R AR IR ). XA 5%, 2026, 14(2): 328-337.
DOI: 10.12677/iae.2026.142038


https://www.hanspub.org/journal/iae
https://doi.org/10.12677/iae.2026.142038
https://doi.org/10.12677/iae.2026.142038
https://www.hanspub.org/

software and MATLAB data processing program are also developed to achieve automatic spot posi-
tion capture, automated experimental data collection, and accurate refractive index calculation. Ex-
perimental measurements of pure water and 75% ethanol solution show that the average relative
error is less than 1%, indicating higher measurement accuracy compared to the traditional Abbe
refractometer method. The system realizes digitalization and automation of the experimental pro-
cess, not only improving measurement precision but also enriching the application of optoelec-
tronic technology in physics experiment teaching. It helps cultivate students’ interdisciplinary prac-
tical abilities and innovative thinking, providing a feasible solution for the reform of university
physics experiment teaching.
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Figure 1. Schematic diagram of light beam propagation path in multilayer media
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Figure 2. Local enlarged view of light beam propagation path in liquid layer
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Figure 3. Schematic of experimental setup
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Figure 4. Schematic of experimental system structure
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Figure 5. Light intensity-pixel curve
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Figure 6. Exported data plot of light intensity-pixel curve
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Figure 7. MATLAB interface diagram
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Table 1. Experimental data with pure water as the liquid
= 1 R AKX RS R

NEFHAIC) 5 6 7 8 9

BRI E 107 128 150 172 195
i 1.324 1.322 1.323 1.322 1.325
R 0.53% 0.68% 0.60% 0.68% 0.45%
NEFHAIC) 10 11 12 13 14

B HEmE 215 240 264 287 311
IR TES 1.321 1.325 1.328 1.327 1.328
w2 0.75% 0.45% 0.23% 0.30% 0.23%
PR 0.49%

Table 2. Experimental data with 75% ethanol solution as the liquid
= 2. IR R 75% BB RRISSI IR

ANIF() 5 6 7 8 9

BHE M & 115 138 162 185 209
L TES 1.355 1.357 1.357 1.356 1.358
R 0.95% 0.80% 0.80% 0.88% 0.73%
NSAIC) 10 11 12 13 14

BHR W& 235 258 285 310 335
Hrip 1.361 1.359 1.363 1.363 1.364
W 0.51% 0.66% 0.37% 0.37% 0.29%
PR 0.64%

T4k (%5 E 1.331), 5 = m e B FE NG M B K 107 8428 311, 5 Kl EE7F 1.321 & 1.328
Z A, FHXTRZETE Y 0.23% % 0.75%, V35174 0.49%. Xf T 75% LEEE (S 1H 1.368), 4%
A% B i 115 % 335, Jrif RN EAE 1.355 £ 1.364 2 [a], MXHRZETLHE N 0.29%% 0.95%, “FHJi%
Z 0.64%. “ERERY, WRESSHMEYIE BRI, WUF T 1% RG0S WA 500 & s e 5T

FEME. IR EE TR, KT 308 1.325, 75% ZBEHIAT 513y 1.359.
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1) WARZEEED . b=70mm, HlEbs R RESR] . Hbh A BARERE: EMARIZAF T, XFb Jil&E
110 &, FEitHEAFEIu, =0.00487 mm ;. B RAMERE: WEbs KRG RZEN£0.02 mm, AN E
Ug =0.02/+/3=0.0115mm . 1 b FI & BANH B u(b) = JuZ +uZ =0.0126 mm .

2) NS 6, . ABARTERE: EHFSM T, 100 NS AESEE 10 %, SBUAEE, 1555
U, =0.00487° o B ZRAHE [ : A B/ Ny BN 0.1°, AR 2 BN 2R 15, B 0.02°, ARSI 5041,
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M ug =0.02//3=0.0115" o NI i) 85 FbRHE AT 5E FE u(6,) = JuZ +u2 =0.0125°

3) IR R AD (Dy)o AD=|Ny —N,|-d » Hrbt NGHRIEME A R BIE RG], d =14 pm R
TERST e ABAHIERE: 8 10° NS AT, B 10 RINE IR ERIEEB TR ZE N, iHEA
U, =0.234 1870, B ZEANHE B (EMEEN): KR KMEEE, EAEEN+05 47T, M
Ugy =0.5/+/3=0.2887 1§ 7T B KAME (TR ) BIERd A ZEHR=0.5 pm, 1]
Ug, (d)=05/4/3=0.2887 um . N AR EE u(N) = Ju2 +U2, =0.372 575, AD HIE BAHE
AD = J(d-u(N))’ +(N-u(d))’ =6228um.

WA 2 AL RS, 19580 u(ny) = 0.025 o BT AR 2458 ny =1.32540.028 ; Ny, 5 =1.359£0.028 .
3.4. RESEUHtENK
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Figure 8. Relationship curve between measured refractive index and incident angle
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