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Fig. 1. Non spherical aerosols: (a) Cylindrical aerosol
particles; (b) ellipsoidal aerosol particles; (¢) Cheby-
shev particles; (d) direction of incident optical signal

and aerosol particles.
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Table 1. The parameters of link attenuation coefficient.
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Fig. 2. (color online) Relationship between link atten-
uation of three kinds of non spherical aerosol particles

and transmission distance.
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Table 1. The parameters of the degree of quantum

entanglement.
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Fig. 3. (color online) Degree of quantum entangle-

ment: (a) Cylindrical aerosol particles; (b) ellipsoidal

aerosol particles; (c) chebyshev aerosol particles.
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Fig. 4. (color online) Relationship between degree of

quantum entanglement and relative humidity of the

atmosphere, transmission time.
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Fig. 5. Stratospheric quantum communication system.
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Fig. 6. (color online) Relationship between relative hu-

midity of the atmosphere and atmospheric visibility.
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midity of the atmosphere and fidelity of quantum com-

munication, transmission distance.
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3 BRBR SR SR PR S 56 K

Table 3. The experimental data of link attenuation and relative humidity of the atmosphere.

Experiment time Weather Receive energy/mJ V /km H Link attenuation/dB-km~!
18 : 00—19 : 30 Clearly 0.29 20 0.52 0.29
15: 25—15: 45 Clearly 0.22 20 0.34 0.29
15: 55—16 : 15 Clearly 0.14 20 0.37 0.29
16 : 20—16 : 40 Clearly 0.13 14 0.71 0.38
17 : 00—17 : 40 Clearly 0.13 12 0.71 0.41
5:50—6: 20 Clearly 0.21 10 0.86 0.43
14 : 00—15: 10 Clearly 0.13 10 0.80 0.43
6:20—7: 40 Mist 0.18 5 0.72 0.81
5:30—6: 30 Mist 0.11 5 0.85 0.81
6:15—7:15 Mist 0.15 3 0.96 1.25
6:20—7:20 Mist 0.19 2.5 0.90 1.47
5:30—6 : 50 Mist 0.14 2.5 0.90 1.47

M 3 TS is Bt v LU Y, B K URE L
JSE B BRARR, R OAR X P52 o 22 18 T, B T Uk A B
B2 HK, RERFEEIG A, HItE TR, &1
REERE 2 i)y, B B 07 B B 45 R OREF
—E.

8 % ®

ASCHFG T A BRI SRR T K X
FE 6T [ b 2% ) B T AS VE AR AR AR A R
T 4 A B H O R B 4 IR T R i
BRIV LL K Chebyshev = i JE BRI S0 ok 1 5
BB U BET A JERE IR B 0T T RN i
SR E M. BB RS S RN
PR E R R, L R, B MR
Chebyshev = i 3 B T ¥ J5 x4 1% 1 58 D 7 2
R B TR T AR T IR JER T 1]
tt . Chebyshev ¥ IS8 842 B 3G 0, & 1518
2| 8 3 S S R PR A 5 o R R o ) 3
I, BT 135 90 0 0 P L % 3 425 B K 7 2 P A IS
RAETEUR. TR, AR SCRTHR S B I B E
IV S EIPSIN Rk el e e e
BT A R G5 3 B Y 2 U (S B, T
UG Sl TR T U JE R T % DK X 0 B e 2
[ B RS AR R . ARE A OB IS, 4

FE — FROAS I T D't 22 U 3 B P s AN [
FEERIE I ORI AR ARG, DLAS ) 251285
S AR H Hh s A BT A i AT S

S

[1] Aden A L, Kerker M 1951 Appl. Phys. 22 1242

2] XuL,Pan X B, Shi GY, Yan BT X, Ao Y J Y, Yuan
G Y L, Gong Z B, Zhou J 1998 J. Acta Meteorol. Sin.
56 551 (in Chinese) [F%2, 25, A K, HIRFEME, K
JEEEE, IR, 38R, HZE 1998 TR 56 551]

[3] Hudson P K, Gibson E R, Yong M A 1997 J. Geophys.
Res. 113 D01201

[4] Hoyningen-Huene W, Posse P 1997 J. Quant. Spectr.
Rad. Trans. 57 651

[5] Waterman P C 1999 J. Opt. Soc. Am. A 16 2968

[6] Draine B T, Flatau P J 1994 J. Opt. Soc. Am. A 11
1491

[7] Yee K 1996 IEEE Trans. Antenn. Prop. 14 302

[8] Xu'Y, Gustafson B S 2001 J. Quant. Spectr. Rad. Trans.
70 395

[9] Fan M, Chen L F, Li S S, Tao J H, Su L, Zou M M,
Zhang Y, Han D 2012 Acta Phys. Sin. 61 204202 (in
Chinese) [Juffi, BRRE, 2335, WAL, 7500k, 40808, %
%, ¥R 2012 Y)EEAR 61 204202]

[10] Nie M, Shang P G, Yang G, Zhang M L, Pei C X 2014
Acta Phys. Sin. 63 240303 (in Chinese) [5:f, MiM4N,
e, s, FEE$ 2014 WHFFIR 63 240303

[11] Nie M, Ren J, Yang G, Zhang M L, Pei C X 2015 Acta
Phys. Sin. 64 150301 (in Chinese) [Ef, fE245, %06, 3K
E¥, FEF 2015 YHZR 64 150301]

190301-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1063/1.1699834
http://dx.doi.org/10.11676/qxxb1998.050
http://dx.doi.org/10.11676/qxxb1998.050
http://dx.doi.org/10.1016/S0022-4073(96)00153-7
http://dx.doi.org/10.1016/S0022-4073(96)00153-7
http://dx.doi.org/10.1364/JOSAA.16.002968
http://dx.doi.org/10.1364/JOSAA.11.001491
http://dx.doi.org/10.1364/JOSAA.11.001491
http://dx.doi.org/10.1016/S0022-4073(01)00019-X
http://dx.doi.org/10.1016/S0022-4073(01)00019-X
http://wulixb.iphy.ac.cn//CN/abstract/abstract50419.shtml

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 19 (2016) 190301

(12]

Yan Y, Pei C X, Han B B, Zhao N 2008 Chin. J. Radio
Sci. 23 834 (in Chinese) [[A%k, 353, BEM, B4 2008
LR R 23 834]

Tao J H, Wang Z F, Xu Q, Li L. J, Fan M, Tao M H, Su
L, Chen L F 2015 J. Remot. Sens. 19 12 (in Chinese)
(Ma&AE, 7 0%, 1&ilk, 2%, Wy, WUDE, 750K, RRE
2015 BEAIR 19 12]

Lanzagorta M (translated by Zhou W X, Wu M Y, Hu
M C, Jin L) 2013 Quantum Radar (Beijing: Publishing
House Of Electronics Industry) pp15-17 (in Chinese) [~
FERRIEM % (i3, R, HE, &K ) 2013 &
FHEIE (b B TR 55 15—17 ]

Shao C C, Ma J J 2010 J. At. Mol. Phys. 27 475 (in
Chinese) [ABKIN, BE44% 2010 5 F5 75 F¥H %2R 27
475]

Kaegi R 2004 J. Aerosol Sci. 35 621

Cai J, Gao J, Fan Z G, Fen S, Fang J 2013 Chin. J.
Lumin. 34 639 (in Chinese) [%5%, =i %%, W2 H, &l 77

18]

22]

23]

190301-8

#2013 KI6H4R 34 639

Ren J, Nie M, Yang G, Pei C X 2015 Acta Phot. Sin.
44 1227003 (in Chinese) LA, H8L, #t, FE3E 2015
HF24 44 1227003]

Middleton W E K 1954 Phys. Today 7 254

Wang J, Niu S J, Yu X N 2013 Chin. Environ. Sci. 33
201 (in Chinese) [E##, 44D, TXUE 2013 h EH LR
% 33 201]

Gong C W, Li X B, Li J Y, Cao Y N, Zhu W Y, Xu Q
S, Wei H L 2014 Acta Opt. Sin. 34 16 (in Chinese) [& 4k
3, M, FRE, M, AROOK, #RFL, AR 2014
TG54 34 16)

Bu Y C, Zhao Y K, Chen Z Y, Zhang P, Huang H J
2015 Chin. J. Laser 42 288 (in Chinese) [ h— /I, 7Kk
I, BRIESA, fKIR, 3EEA 2015 FIEBEOE 42 288)

Chen Y R, Li Q, Liu T J, Feng F Q 2011 Optoe. Eng.
38 42 (in Chinese) [FREZi, 250, XIEEA, L& 58 2011 )6
T2 38 42]


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1016/j.jaerosci.2003.11.001
http://dx.doi.org/10.3788/fgxb20133405.0639
http://dx.doi.org/10.3788/fgxb20133405.0639
http://dx.doi.org/10.3788/gzxb20154412.1227003
http://dx.doi.org/10.3788/gzxb20154412.1227003
http://118.145.16.227/Jweb_zghjkx/CN/abstract/abstract13155.shtml
http://118.145.16.227/Jweb_zghjkx/CN/abstract/abstract13155.shtml
http://www.gdgc.ac.cn//CN/abstract/abstract1544.shtml
http://www.gdgc.ac.cn//CN/abstract/abstract1544.shtml

) I8 % 48 Acta Phys. Sin. Vol. 65, No. 19 (2016) 190301

Influences of nonspherical aerosol particles and relative
humidity of atmosphere on the performance of free
space quantum communication”

Nie Min" Ren Jia-Ming"" Yang Guang)? Zhang Mei-Ling") Pei Chang-Xing?®
1) (School of Communication and Information Engineering, Xi’an University of Posts and Telecommunication,
Xi’an 710121, China)

2) (School of Electronics and Information, Northwestern Polytechnical University, Xi’an 710072, China)
3) (State Key Laboratory of Integrated Service Networks, Xi’an University of Electronic Science and Technology,
Xi’an 710071, China)
( Received 20 March 2016; revised manuscript received 20 May 2016 )

Abstract

When the optical signal is transmitted in the free space, it inevitably passes through the atmosphere. The atmo-
spheric aerosol is one of the most important components of the atmosphere, which not only affects the regional climate,
but also influences the transmission of the free space optical signal. However, the study on the relationship between
the non-spherical aerosols and the parameters of the free space quantum communication channel has not been carried
out so far. To investigate this relationship, the spectral distribution function of the aerosol and its extinction factor
should be analyzed first. According to three nonspherical aerosol particles: cylindrical particles, ellipsoidal particles and
Chebyshev particles, the equation between channel attenuation of the free space quantum communication and the degree
of quantum entanglement can then be established. After that, the effects of the relative humidity of the atmosphere on
the degree of quantum entanglement and the fidelity of quantum communication can be analyzed and simulated finally.
The simulation results show that the channel attenuations of the free space quantum communication are sequenced in
ascending order as cylindrical particles, ellipsoidal particles, and Chebyshev particles, and their influences on the degree
of quantum entanglement have different changing trends. When the transmission time is fixed, with the increase of
aspect ratio of ellipsoidal particles, the degree of quantum entanglement shows a growing trend, with the increase of
aspect ratio of cylindrical particles, the degree of quantum entanglement shows descending trend. With the increase
of Chebyshev particle equivalent radius, the degree of quantum entanglement also shows the descending trend. When
the relative humidity of the atmosphere is 0.2(0.9), the degree of quantum entanglement and the fidelity of quantum
communication will be 0.72(0.75) and 0.32(0.22), respectively. It can be seen that the nonspherical aerosol particles and
the relative humidity of the atmosphere each have a significant effect on the function of the free space quantum commu-
nication system. Therefore, in a practical free space quantum communication system, the shape factor of nonspherical
aerosol particle, orientating factor, equivalent radius and the relative humidity of the atmosphere cannot be ignored, in
order to improve the effectiveness and reliability of the free space quantum communication, the different parameters of

the communication system should be adjusted adaptively.

Keywords: free space quantum communication, non spherical aerosol particles, relative humidity of the

atmosphere, degree of quantum entanglement
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