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Modulation of annular light distribution by mechanical fiber scrambler
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Abstract; The far-field pattern of fiber output beam changes dramatically due to different posi-
tions and angles of the input beam on fiber. This paper studies the change of the fiber’s output
beam when the axis of input beam is shifted a small angle off the axis of optical fiber through
the anlysis of the fiber’s output distribution. Fiber coupling theory indicates that the fiber mac-
robending leads to mutual coupling of fiber mode, so an improvement of fiber transmission
with a mechanical scrambler which gives certain pressure to bend parts of fiber is designed.
The collected output spots in different off-axis angles and scrambling degree are taken by medi-
an filtering and Gaussian fitting approaches. The scrambling effects are measured mainly
through the profile of radial intensity distribution as well as its fitting degree of Gaussian dis-
tribution and the change of the energy ratio between different output focal ratio and input.

Key words: fibre; mechanical scrambler; off-axis beam; Gaussian fitting

YrFs HHEA:2012-02-27; &M@ HHI:2012-05-07
E€TH :HKBAR =S Z NS5 EB2EBER G 34 (10978004)
EEB N BFHH986—) , L, THUE ML 78 A 3 30 N 6 £F K S0 i 78 TAE .

E-mail: ddmu@niaot. ac. cn



BE e 2012,33(5)  BBJHIT. 45 . RIOGLF MU AL &% 8 1 3R T2 Ot 3 19 2 R T 5 « 997 -

5lE

20 {20 70 AFEARA G LR Bl N A TR SO
JCEF HE 0 A8 H (5 M U B2 76 5 0 28 ity (i o 4 A
— 2, A RIS B A B B I AR R b X R R
KB VH TR R RS R . HET AR 2
81 G EF B IR SCAC e B B 2 s 2 P 1 2R S8
G Rz FE T 2 bR REOLRE . =4
SO R B DR AR LK RO T
WALRIRE O E i Y FREM KR X £ Bz
JEEF s w4 —— LAMOST w1 % £F (1% 1 R
T RBME R R . R IR AT W RO
DL A 4 000 AR EET Xl & E W H b .8
B 4 000 A K AR 1 68 18 06 1% U 6 6
TR E B TR g, B A B T B/
TEAZ LA KOG ET 78 A 0] A B2 S5 8 2 S BOL L AT
TR B 6 i I B G 2T AR L A e A B i
FGET 5 1 8 7 16l A 8 o S 43 A P R R
BTG S TR L

AL o P AR g R O 1 o A SR A ok g Ok
ST A, A EE S WA — Rk
SRR I RGB B AL X A AR AR B 4 T B
TR I K 3CH R H La Silla W 54 1) 3. 6
m B G/ PO HARPS i 2.2 m
BRI £ 1 = 43 P OGS FEROS™ |, Hl 2 He
i R B 43 A6 P ASE 1Y TR) R 1Y ke A K 1Y g i i
FE, HLSAR 55 55 — Fh R LR AR B2 H s
WA W F R SCHEIE B, & — A TR B
MR T M Z— . ASCHEFEFER —F B 1
BUBPEASE 25 % 6 2F 3 555 09 IR0 06 3 1 ol 3

1 #wEXBAIER

FRAT B A HUARCA B i 1) i By 3 e 45 0
LT HRAIL A il (O 2F Py B SR 5 T Bk O 2F
M) SR 3 G A 38R 2 UL AS KU s s
T o7 7 2R BT RO B 5 8 O AR TE OGS
AW T . — DR ERDG B S AT 4 &
SCF BB AL & BB 1 3 AT DL i AT B 1Y
S HOR R 8 SR 7 S R GRG0 L B

E=;ak(z)ek(x‘,y)exp(jﬁkz)Jr

J.;aﬂ(z)epexp(j,@(p)z)d‘o (D

B T S — TR R S AT BOR R 2 I
PR X RSP T AR IE RS T A Y A 8y
AP AT G A B 6T R T R OE S B R S AY
M 2 (ol By 300 AN W7 M A2 A o oy — 2E 458 505 46 31
— SRS, B AT ARG i 5 48 3] g o 6 e S
15t R DA o B A e B AR B . B URE 5 &

k* J] (n* —n))e,, * e,dA
D, = (2)

G Ir FER W a, C2) 1 728 Al 28 Al 45 X
a, O FTRAE . HI & R BN J5 # v LUA 2R
JCETA%A (4 A2 v A B T AR TR TR B BIOE
LG5 I e Y PO i 25 6 25 PN R A 5
AME . R OB AR B AT
A 1o S5 A 3 M BILBRCHIE A i (o D' 2 A A 2R 5 19
RWOR

2 RN LT H S5 5 e RS2 I

MR AR B O H R 3B I 5 3R B 6 £ i
i e AR A AR 2SO B O I 1 BRI AR DG £F i 1 |
(FEICLEL B I Ay 07 Al J& 78 S B i H o
X A B AR AR ME 6 A2 o 4 06 A [R] AR B2 A5
LT 1 v B 455 280 Bl D't 28 S e Y O BB
RBEZ KA, 200 & Y A 5O £ i
P 1 KIS G 2R 0 50 B T8 R e A BT e % el A [
TE BRE 2 W 1 O R I e A8 U B8 L B RS Y
i i 1 B R BRI B0 0 2 8 1 2 1l AN O

AR S o S 50 A 5 RS O S A b AR XF
JCEF SO G or A BY o . SEER R E A A 1 RN
LED #& 51 G2 1E OB IR, % I8 28 5 1 3 B3 1)
PR HE L 15 S 5 B SRR T O A A
M S £F &/ 32 [E Ploy micro technologies 2y &) 4
PR ARR 320 pm By ZBLRY BROG AR, JH T AT
HF: (o 1.0 mm~25 mm) LR B/ =1
mm, A AFOGHR M L F/16, B LR Uy
H LR I7 19 8% 8 B sl 28 K435 100 pm (Ff
JEAS 20,50 pm, 10 pm, B AS 18] 4 il F A
SPOGHR, fE B B 6 2F th 9 o 12. 5 mm 4b
CCD H WA [ fi Bl 75 A S8 DG £ 10 2 19 32 373 016 3
CCD WA IR FE N 1944 X 2592,



+ 998 - BLRSE 2012.33(5)  BBFHE. 4 R SCOGE UM A IR i 2R TE S 37 1 SE 3 F 5%

AR LED
RREOLLF B @ Al 3] Sk4f

et

1 AU BIHZMENERLEEE
Fig. 1 Device for measuring off-axis angle’s influence on

fiber output distribution
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Fig. 2 Far-field spot at output of fibre
for various off-axis angles
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Fig. 3  Radial intensity distributions of far-field spot

for various off-axis angles
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Fig. 4 Relative mean square deviation of far-filed spot
before and after Gaussian fitting for various off-
axis angles
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Fig. 5 Mechanical structure of fibre scrambler
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Fig. 6 Far-field spot at various scrambling degrees, §=2. 1°
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Fig. 7 Radial intensity distributions of far-field spot at
various scrambling degrees, §=2.1°
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Fig. 10 Far-field spot at various scrambling degrees, 8=4.5°
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Fig. 11 Radial intensity distributions of far-field spot

at various scrambling degrees, §=4, 5°
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