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Refractive Index of Liquid Measured by Liquid-Core Zoom
Cylindrical Lens
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Abstract A liquid-core-zoom cylindrical lens has been fabricated, which is used to measure accurately the refractive
index of liquid filled into the core region of the cylindrical lens. The focal length of such a cylindrical lens varies with
the refractive index of core liquid, which can be known by measuring experimentally the related focal length. Due to
a high sensitivity in measuring refractive index and a short depth of field, a high accuracy in measurement of
refractive index is ensured. The accuracy of refractive index for one single measurement is better than 0.0002 in the
range of 1.3~1.642, when a 20 X objective is used in a reading microscope. By either enhancing sensitivity of
refractive index of the cylindrical lens or enlarging effective numerical aperture of the measurement system, the
accuracy of refractive index can be further improved.
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Fig. 1 Schematic of measurement setup. (a) Measurement principle; (b) profile of liquid-core cylindrical
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Fig. 2 Schematic of imaging process
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Table 1 Relationship between the refractive index of core region and focal length

Liquid Water Ethanol Saturated KCI solution (20 C) Glycol  Glycerol Nitrobenzene Quinoline
Refractive index -
) 1.3335 1.3614 1. 3690 1.4317  1.4721 1.55200%1 11,6257t
in literature'"”
Theoretical focal
35.531 32.481 31.744 26. 800 24.403 20,811 18.393

length /mm
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Fig. 3 Relationship curve of the refractive index

and focal length
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Fig. 4 Simulated drawings of light rays passing through the
liquid-core-zoom cylindrical lens. (a) Refractive index
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Fig. 5 Diagrams for observing the imaging process and corresponding light intensity distributions
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Table 2 Calibration parameters of measurement system

Focal

Measuring Center

Standard Refractive

length /  position shaft position
liquid index
mm Z /mm Z,/mm
Water 1.3335 35.5307 22.209 —13.322
Quinoline 1.6257 18.3927 4.992 —13.401
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Table 3 Measurement results with pure water as calibration liquid

Liquid Water Ethanol Saturated KCI solution Glycol — Glycerol Nitrobenzene Quinoline
Theoretical focal length /mm 35,531 32.481 31.744 26.800  24.403 20. 811 18.393
Measuring focal length /mm  35.531 32. 387 31.736 26.706  24.251 20.771 18. 314

Measuring refractive index 1. 33350 1.36236 1. 36909 1.43314 1.47496 1. 55307 1.62848
Refractive index in literature 1. 3335 1. 3614 1. 3690 1. 4317 1. 4721 1. 5520 1. 6257
Relative error /% 0 0 0. 007 0.10 0.19 0. 07 0.17
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Table 4 Measurement results with quinoline as a calibration liquid

Liquid Water Ethanol Saturated KCI solution Glycol — Glycerol Nitrobenzene Quinoline
Theoretical focal length /mm  35.531 32.481 31.744 26. 800 24.403 20. 811 18. 393
Measuring focal length /mm 35,610 32.466 31.815 26.785  24.330 20. 850 18. 393

Measuring refractive index 1.33285  1.36156 1.36826 1.43193 1.47346 1. 55097 1. 62570
Refractive index in literature 1. 3335 1. 3614 1. 3690 1.4317  1.4721 1. 5520 1. 6257

Relative error /% 0.05 0.01 0.05 0.02 0.09 0.06 0
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Fig. 6 Schematic of numerical aperture in the observing system
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