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Optimization design and test of a high-precision measuring device
of liquid refractive index based on the method of

minimum deviation angle

FU Xing-1i', FENG Jie*", FAN Xiao-hui?, PAN Meng-yun?, WEI Qiu-ye?
(1. GuangXi Vocational & Technical Institute of industry, Nanning 530001, China;
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Abstract: For high-precision refractive index measurements of amorphous fluids, the minimum deviation
angle method was used to design a novel thermostatic hollow trigonal prism device. The optical path and
thermostatic compenents of the device are precisely designed. The device can be used not only to measure the
refractive index of liquids, but also to quantify the measurement results and uncertainties. Firstly, the precise

design and machining of the optical plane helps to precisely control the measurement light. Secondly, the tor-
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tuous hollow tube inside the thermostatic jacket is designed, which allows temperature fluctuations and uni-

formity of the liquid to be sufficient for high-precision refractive index measurements. Finally, the device is

applied to measure a liquid’s refractive index, and the measurement uncertainty of each influence factor is

quantitatively analyzed. The experimental results show that the refractive index measurement of three liquids,

namely water, isooctane and tetrachloroethylene, could achieve an accuracy of 1077 at 107 of uncertainty.

Thus, the device provides a method for highly-precise measurements of the refractive index of liquids.

Key words: refractive index of liquid; methhod of minimum deviation angle; thermostatic hollow prism; un-

certainty
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Fig. 1 Principle of minimum deviation angle method
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Fig.2 Physical pictures of thermostatic jacket and hollow

prism
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Fig.3 The stereoscopic model of thermostatic hollow

prism
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Fig. 4 The planar graph of thermostatic inner layer. (a) Side without measuring window; (b) side with measuring window;

(c) top and bottom
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Fig. 5 Processing test data of prism vessels in measuring cell
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2R GUNEbRES TR
alizk AL BHAE R T 18 MQ 5 il
ke 41i599.8% BTHL T
[y 4l =99% [TETAN
43 MELER
43.1 REBE T RASHFENZ

S35 E BRI R 15, 20, 25 °C, 3R5%
ek B 45 W AE H AR TELEE £1 °C P, o 0B it B 4
Hil7E HPRIREE£0.03 °C JERIN . 7ERIRIEE T BF
DA AR AT S 2 (B N2 3 i o

®3 RIS ENSIRBES R ESHR

Tab.3 Experimental data and statistical analysis of liquid refractive index

FEAR ERREEE( °C) 1 2 3 4 5 6 Ffn,  PifERZES
15.00 13333632 13333648 13333695 1.3333654  1.3333665 1.3333647 13333657  2.16x10°

k 20.00 13329905 13329922 13329929 13329924 13329916 1.3329918  1.3329919  8.25x107
25.00 13325078 13325084 13325059 13325063 1.3325068  1.3325080  1.3325072  1.01x10°

15.00 13939165 13939148 13939190  1.3939154  1.3939136  1.3939173  1.3939161  1.92x10°

Sk 20.00 13914694 13914681 13914691 13914691 1.3914695 1.3914681 1.3914689  6.27x107
25.00 13890532 13890495 13890541 1.3890508  1.3890477 1.3890510  1.3890511  2.35x10°

15.00 1.5084995 15085050  1.5085023  1.5084986  1.5084993  1.5085052 1.5085017  2.96x10°

(W 20.00 15057895 15057887  1.5057908  1.5057941 1.5057903  1.5057909  1.5057907  1.86x10°
25.00 15031255 15031256 1.5031264 1.5031251 1.5031268 1.5031262 1.5031259  6.38x107
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Tab.4 Comparative results of two different principles
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I D 4k i 2
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Tab.5 Refractive indices of liquid at ambient temperature

M °C) 18.97 19.75

19.92 19.99 20.02

K 1.333069 1 1.3330121
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(20%1) °CHF, K YT SR BE IR AR L R EL: —7.6x1075/°C
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(201) °CIR, St 5 A<l B2 72 16 R AL —6.1x107/ °C

MR (°C) 19.20 19.31

19.90 19.98 20.08
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Tab. 6 Standard uncertainty introduced by air refract-

ive index
GERIIALN u(no) Ny u
7K 3.46x10° 1.3329932 4.62x10°
SEpE 3.46x10°° 1.3914727 4.82x107°
v 3.46x10° 1.5058002 5.22x10°
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Tab.7 Standard uncertainty introduced by temperat-
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Tab. 9 Standard uncertainty introduced by angle meas-

urement error

o O

(ERILMUN Urad A 3D u3
7K 1.41x10°¢ 427 1.71 6.46x107°
SR 1.41x107° 433 1.66 6.52x107°
M4 2 1.41x10°¢ 4.45 1.56 6.63x107°

CERIIM TN a b Ct u
7K —-8.11x10°  -3.63x10° —8.11x10° —1.40x10°
FEHE —4.84x10%  —4.72x10°  —4.84x10%  —8.39x10°

R LK —5.48x10* 1.25x10*  —5.48x10™*  -9.49x107°
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Tab. 8 Experimental data of vertex angle and minim-

um deviation angle
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Tab. 10 Uncertainty component and combined uncer-

tainty

CRRUIITEN ug uj up u3 u(ny)

7K 337x107 4.62x10°¢ —1.40x10° 6.46x10° 8.1x10°
FERE 256107 4.82x10° —8.39x10°  6.52x10° 1.2x10°

VUG ZHE  7.59x107 5.22x10° —9.48x10° 6.63x10° 1.3x10°

SRS TiffiA /M1 fA.D ny
K 54.99965° 20.97748° 1.3329932
S 54.99972° 24.95978° 1.3914727
VUG 2 54.99970° 33.10221° 1.5058002
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