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Abstract; The article elaborates on the latest research progress related to the rotational Doppler

effect (RDE) technology associated with orbital angular momentum (OAM) . The experiments
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employed OAM beams characterized by topological charges /==+2, 4, +6, achieving high-pre-
cision measurements of rotational velocity and frequency with an error margin of merely 1. 23%.
The congruence between our experimental findings and theoretical forecasts attests to the accuracy
and dependability of the RDE methodology. To address the perturbations induced by atmospheric
turbulence on OAM beam propagation, we formulated a probabilistic model delineating the dis-
crepancy in the orbital angular momentum quantum numbers between received and emitted pho-
tons. Subsequently, the article engineered an experimental optical setup incorporating a random
phase plate to emulate the perturbations of atmospheric turbulence. The experimental data corrob-
orate the accuracy of the theoretical model, indicating that the probability distribution of quantum
number differences for orbital angular momentum (OAM) beams in atmospheric transmission is in
accordance with theoretical predictions.

Keywords: rotational Doppler effect; orbital angular momentum beams; sensing and detection; at-

mospheric turbulence
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Fig. 1 Rotational Doppler effect under positive incidence
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Fig. 2 Schematic diagram of free-space quantum communication
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Tab. 1 Rotational speed measurements for different topological charges
HM AL i/ (r/min) i/ (rad/s) M/ Hz WFEH/ (rad/s) B2/ (rad/s) AEXT 522
19. 431 2.034 8 1.311 3 2.059 8 0.024 991 1.23%
198. 57 20. 794 13. 355 20. 978 0. 184 45 0.89%
410. 86 43. 025 27. 440 43.103 0.078 618 0.18%
e 604. 19 63. 270 40. 268 63. 252 —0.017 802 —0.03%
796. 47 83.417 53. 150 83. 488 0.071 673 0.09%
1075.4 112.61 71.797 112.77 0.159 76 0.14%
65. 452 6.854 1 8.615 3 6. 766 5 —0. 087 646 —1.28%
210. 62 22.056 28. 210 22.156 0. 099 468 0.45%
408. 43 42.770 54.538 42. 834 0.063 575 0.15%
o 609. 23 63. 798 81. 346 63. 889 0. 090 854 0.14%
808. 00 84.613 107. 57 84.491 —0.121 68 —0.14%
1011.2 105. 89 134.78 105. 85 —0. 035 604 —0.03%
55. 342 5.795 4 11. 145 5. 836 59 0. 040 543 0.70%
217.11 22.735 43. 354 22.700 —0. 035 290 —0.16%
408. 14 42. 741 81. 605 42.728 0.016 126 —0.03%
s 603. 97 63. 247 120. 82 63. 263 —0. 040 709 0.03%
823. 44 86. 230 164. 61 86. 189 0. 055 850 —0.05%
1015.7 106. 36 203. 25 106. 42 0. 040 543 0.05%
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Fig. 4  Relationship between modulation

frequency and angular velocity
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