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Optical Design of a Probe for Multipoints Photon
Doppler Velocimetry
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(School of OptoElectronical Engineering, Xi’ an Technological University, Xi’ an 710021, Shaanxi)

ABSTRACT: In order to increase the number of measurement points of photon Doppler velocim-
etry (PDV) in coverage or array velocity measurements of multipoints of the target, a double tel-
ecentric optical system with an image plane diameter of 10 mm was designed by Zemax software.
The proposed optical system could measure velocities of multipoints within 5.6 mm of a plane tar-
get simultaneously. The lens consisting of four single lenses and four doublet lenses had a work-
ing wavelength of 1 550 nm, a working object distance of 300 mm, a total system length of 250
mm, an effective focal length of 500 mm, a telecentricity less than 0.01° and a root-mean—square
(RMS) radius of 0.055 pm at the minimum and 0.920 pm at the maximum at the focus position.
The RMS radius and radii of all defocused spots were within the range of Airy spots. Moreover,
the modulation transfer function curves was flat and overlapped with the diffraction limit with flat
lines, which indicated that the system has achieved the diffraction limit. Meanwhile, the aberra-
tion was less than 0.025%, and the aberration correction met the design requirements.
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Tab.1 Main technical indexes of the double telecentric
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Tab.2 Optical parameters of the improved double telecentric optical system
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Fig. 6 Field curvature distortion curves of the improved double telecentric optical system
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Fig. 7 Spot diagram of the improved double telecentric optical system
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Fig. 8 Modulation transfer function curve of the improved double telecentric optical system
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