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Fig. 1. Ring laser array.

TERAAR T, SMEHOCRE S 46 ot oA 7
AT AIREIR e R 37 58 PR R

v (r,0) =6 (r —ro) ;—Ocomb (Z}) ; (1)

Sl g SREIG LSRR, 0, RHTA e TE
{00 . WOEHER 55— e e Iy T,
W22 T B 05 )
2
o (r) = Eoexp (5 ). )

0
Hrh, Ey = |E(0)], wy &R IR R 2. R
HI Gyrator 224} (1) XA (2) OB BRI LREY
AR IR BT A bR R T Gyrator 284 RS
R EAT 5 R

KG (raeap, 90) = ]./|SiI10l|

)

l, (r? sin 26+ p? sin 2¢) cos a—2rpsin (0+¢)
X exp |in /
sina
(3)
Hidr ool Gyrator 2B BV EL. H e AT A5 H AL bR 2
THY Gyrator 284k 231

<;o<p,w>:=t/° Eo () - Ko (1.0, p ) drd6,  (4)

AT AR bR R T IR Y6353 A PR T 43 1 AR
B, 3 H o = n /20, Gyrator A8 #15 31] %) 4 35§ 43
A AT AR DL 28R 1 S5 R
Golpg) = [ TEa(r)rrp)dr (5)
0

Hodp Jo B D1 E R REL. R FH AR VR BA% 338 R 2L
WREIE OGS B |28 & R 6355300
BEIHIREE A5 2 A3 A B ] LARoR A

G (p, ) = Go(p, ) H (p, )

— exp (k=) exp [—jmAz(pp)?]
XAﬁWUMQMMM (6)

ookt exp(jhe) R MO, A RHOBIEK . TERUR
mw:(égjﬁﬁw@ﬁwm@ﬁmuﬁﬂ,

AR RS 2 AR A2 F LS, WA T
(VSRR SO

2
T = exp {—jn)\z({r:ao) } =1, (7)
e, n] LIS RIIMEROERES Talbot HiE Zp

Ir = 2(7"0/\90)2’ (8)

EIRERE], IEHOEFESH) Talbot B 54
BB AR CETTIANE L A FIEAR BF 7 A B, 530
PR

3 4% Talbot R L K A5 E A

PG 2 T IHE A FRIE 451 Talbot R0, 7T
DL — 20 43 17 45 3 H 43 21 Talbot 2500 . Il H
FDTD Solutions 47 FRIG /A1 X FEAR = B s AP
31 7E 5340 Talbot B3 Ak (145635 53 A FAR 43 AR
AT, AU R B AN 8 2 i, b ar a5
OB R CEATT, HE 2T A FAH I A WS T

054208-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 72, No. 5 (2023) 054208

\ \
NN

1/2Zy  3/4Z7

K2 (i ERRDR A

Fig. 2. Schematic diagram of simulation model.
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Fig. 3. The Talbot effect of ring laser array: (a) The initial optical profile; (b) optical profile at 1/4 Talbot distance; (c) optical pro-
file at 1/2 Talbot distance; (d) optical profile at 3/4 Talbot distance; (e) optical profile at Talbot distance; (f) phase distribution of
the initial light source; (g) phase distribution at 1/4 Talbot distance; (h) phase distribution at 1/2 Talbot distance; (i) phase distri-
bution at 3/4 Talbot distance; (j) phase distribution at Talbot distance.
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bution of the initial light source; (g) phase distribution at 1/4 Talbot distance; (h) phase distribution at 1/2 Talbot distance;
(i) phase distribution at 3/4 Talbot distance; (j) phase distribution at Talbot distance.
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Abstract

We propose a ring laser array structure and study the Talbot effect. By comparing with the one-
dimensional laser array, the near-field distribution of the identical intensity of the ring laser array without edge
effect is obtained, which can be more conducive to improving the capability of the external cavity phase locking
of lasers. In this paper, Talbot effect and self imaging condition of ring laser array in polar coordinates are
calculated by using Gyrator canonical transformation. The sub-image distribution at the fractional Talbot
distance is further analyzed. The optical profile and phase distribution of the ring laser array at the fractional
Talbot distance are simulated, which are mutually verified with the theoretical calculation results. At a quarter
of the Talbot distance, the number of sub-images is twice that of the emitters. The light intensities of the sub-
images are identical, and thedifference in phase between adjacent sub-images is n/2. At half of the Talbot
distance, the number of sub-images is the same as that of the emitters, while the spatial position of sub-image is
shifted by half a cycle along the angular direction. Moreover, the sub-images with twice the number of the
emitters are present in three quarters of the Talbot distance. The light intensities of the sub-images are
identical and the difference in phase between adjacent sub-images is —n/2. Further, the Talbot images with the
same spatial and phase distribution as the emitters are generated along the angular direction at the Talbot
distance. The optical profile and phase distribution of one dimensional laser array at the fractional Talbot
distance are also simulated by FDTD Solutions for comparison. It is found that the edge effect of one-
dimensional laser array leads to the uneven distribution of near-field light intensity, in which the intensity of
light spot on the edge of array is significantly lower than that in the center of array. While the Talbot sub-
images of ring laser array with identical light intensity are obtained. Therefore, We consider that the ring laser
array can effectively eliminate the edge effect. The results are helpful in studying the external cavity phase
locking of ring laser arrays and its applications in the field of high brightness coherent laser and quantum

measurement.
Keywords: ring laser array, fractional Talbot effect, self imaging, gyrator transformation, coherent array
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