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Abstract: A new differential frequency polarization modulation method based on triple-photoelastic-
modulators (triple-PEMs) is proposed to overcome the shortcomings like that phase locked frequency
is difficult to be measured by common array detectors and the polarization of polychromatic light is
hard to be obtained. With the method, the tandem PEMs are operated as electro-optic circular retar-
dance modulators at slightly different resonant frequencies w, » w; and w; respectively, and they gener-
ate differential signals at much lower heterodyne frequencies (0, w, —a» 2w —2w;) by modulating the
polarized components of the incident light. Then, the Stokes parameters S,, S, and S; can be obtained

simultaneously by the lock-in amplifier circuit with one measurement. The basic principle is intro-
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duced, basic equations are derived, and the feasibility of the method is verified through the corre-
sponding numerical simulation. The preliminary analysis indicates that the method not only retains the
advantages of the existing PEM-based polarimetry, but also decreases the frequency of modulated pho-
tocurrent by 2—3 orders of magnitude(10—500 Hz). Moreover, its signals can be detected by a com-
mon array detector. This method has potential applications to the high precision polarization imaging
technology.

Key words: photoelastic modulation;polarization state measurement; Stokes parameter;differential fre-

quency

1 3]

nu\A

TE RS RO AN G B v R & e A
F1 B 1 0 R S ) O i R 2 L 3 2o R B E B Y O iR
FEVERT DL SRy B bR ) £ k4% 55 0y 125 0 245 21 09 8
R X TR I B EAT 2R A R T LA AR
i AR R AR RE T . RO R R A R AR
TEA BRI PR EE I H AR IR B S A ) R A
S T N RS BT B s R
T B IRy ik A P AR — R R O
Tl FE AR B rh 5 | RS O #5% FAH 7 238 2%, DA
XoF s 5 2 A R R 2 vk S R SRR R
FUAH A SE 3R 2% 22 F 0 7% 21 0 Z2 Yl &, T DL AE
T HSF (1) JHC 9 0 255 (] TG o % ) A, s T R ) 1%
2 0 FH B SR 5 — o2 43R v L BV B 4y
AL 4RI 2R R B 5E A 4 e B L
J7 1k BAR TCHUMG 2 AR TR B 2 R

S BT ] s 41 ) e R BAR g 41 0 e 40 e —
A A 57— P T SO A A A7 9 T
Ao BRI SR e 4 Dk S A R, —
ol 2 30 o — Y I A 4 S TR AR 4 i iR A 30
FEFE 30T 25 65 L {0 P T A AR A %6 2 K 3 A5 R A B B
% (>>50 kHz) . B it FH [ 5] R 00 45 G 125 % & i 47
A RCR AR Iy — T RO 2 45 I, B
SR Z I FAR 0 — R HRE 1S B 307 46 52 B K = vh
PRI AS B, T 22 38 3 AU e 3o I 4 e Ay it L OF L
D) 55 7 200 40 385 0 B 6 R e DU R U B Y 1/4 %
F TR R A i A T g ok L &R XL
D6 77 V5 AEAE (R i A, AR SCHR MR T = 0 i 2%
ZE W B DN i L % vk TR BRI B 22 A
AE AT LLE i — i [ RS S, S, F1 S, X
HROXT LT EEAT T e R IR A A S IR X
FOT BT TR E T .

2 N -E /e

2.1 KEIFH

Ot A ) 25 2 — PR T PR RE D B AR AL B
SO B VR 2 A AR RO Dy« T R AR TE DL
S5 1) [ P o b A J 300 1 A A B LB T
7 ' 95t ot A R TR 0 0 B 0 7 2R ) AR Al
AR LT S8 AT abe s 3 ot e 5 9 o 6 )y JHG R A7 4 9
T Sl e % B JE LA R 30 3l D L A2
KR K AF = P8 5T 5 (20~ 80 kHz) (i
FW BETE ONERIM BN 2150 S R i1

2RI S8 3 ' L A IR ERE S Y A

P s B AR HER Ry .

8: 8{)Sin( (,Ut) ’ (1)
FHAE HE R 1) IR AH

S(,ZZ%ikVo, (2)

v s d g e R 38 D't T TR EE L A A Ol ik
Kok S 5 O S AR R SR C 1 RV
Shy X 7 K 5y L g Y L e
2.2 =eEE G E SR R 8 TR 1

= A 2 AR A D R R AN A 1 R
FEM B O #1E 6 8% PEM, B9 4R 2 il 5 4
P % 5 6 R AL 45°, PEM, 5 PEM, i # 1E PEM,

45° 0° 45°

el

BT =50 58 ol s i D0 Jer 3 [
Fig. 1  Schematic diagram of polarization measure-

ment based on 3-PEM



878 2 K TR 521 %
Hr. HH.PEM, 5 PEM, ¥17.PEM, 5 PEM, A% S'=M,M, M, M, S, (3)

45°, WG URGE o = ' T T 5 AR R 2% S .
F R AR LA s G155 Fe A B AR5, X i e
{5 BEAT B O AN 0006 Ak B3 T 45 2 48 0D i)
S+ S MS,  H v BB AR LUBK B 5 R A 2%
I 2 A o ARG O 5 1 3T SE AT O

1 01 0 1 0 0 0
110 0 0 0 0 1 0
M, =~ s M=
211 0 1 0 0 0 a b
0 0 0 0 00 —b a

itqj:ai:COS Si,[);zsin 8;,8[:8,'()Sin Cl)i[’(l.zla
2,3),

1

Horp R S=(S,.S,.S, . SO S # I iY H7 4E
TR .S = (S, S, S SO R REE
BT FE s B e fE . My » M- My, Fil M 43 31 36 % K
i #% . PEM, . PEM, #I PEM, Ff % % & Mueller
JE D B AT

1 0 0 0 1 0 0 0
0 a 0 —b 0 1 0 0
M, =
0O 0 1 0 0 0 as b
D

M0 8 HAEE U 2 By ek S, s B X
WA AT,

S'==5 Jr%Sl sin & sin &, +%Sg[cos d1cos O; —sin & cos Oysin O |+

2

2

He 25 Hp A 1E 52 F A% 52 42 DL ZE IR o B T

iSg[cos O sin 8, +sin & cos S,cos & ] » (5)

e,

S = %a F S0 200 G, (BdcosLimm + mew) ]+ S { D] 27 Pl (8], (8)cos[(may + nay) -
n

m my

)

27 D7 18] B)sinl (o 4 ) 1] D5 1, (80)sinCmw, 0 p4 S, {4+ D5 D7 1,(80)],(3)sinl Gnor + mwy) 1]+

m m

m

22 ZJ”L((EO)Jn(azo)sin[(nwl + YKUg)t:IZ PJ.,, (&) cosCrwy t)] } , (6)

Horpom a8 n WG, () 2 y XN AR
KU FEIRREG Y n=0 8 my =n, =0 W, P=1/2,
HEMROL P=1, h T s i) 9K sh s R 7 JL T
I 2 o TR I 18 R AU AR e T IR Sl AR 5 B A
o M DURS I, T = ' 5t ok ) 357 4 v T Ok A I
HEIR N T 2 0 . 36D Al R
nCw,— w) fl mCw,—w) (Hp i 55 B 1,2,3,
H 7 ) SR 48 25w S .

S A~ %So 8 (8T (B cosLm(an —

@) 1]+ Sy D P8, (&) cos[ n(ewy — ax)t] .
7
2 C7) T A A A 43 A e L A R 4
i IR R Cwoy— ) A 2 Coy — wy) B 53 B

TLLBRAS S, S S, . 3K P Ok A R X
RIX 3 A EA SR E ZE A S i B A
1 A A S R R SR e e R, e A B R
7%,

30 = AU R H AR L LAY 3 ] A% 0 9K B {5
FAERNZEAE T DRI 8 04 Fa B AS 5 b A AT G
WA LGRS S, S S, . () AT
Wyt AR R R Cwy — w ) 2 Gy — wy) A4S
i [ R () B AR AR L 43 51 R
Su= 5SS 1 (810 (80) (8

Su = SiJ1 (81)]1 (8w cos[ (o —ap) ] (9

Sotey wp = S2J2 (8100 ]2 (8 cos[2Cw —w) L]
(10)

Hodr . J, (001 (8:0) 70 H Jo (81005 (8,070, H



o 4 ]

A A A ) 22 0 O IR DU i %R 25 0 B 879

() (DOFAOA YIRS S, S S, 4334 -

ol e JuCa ] (80 B
s=2[ S asE] L an
A
A N ERIRC (12
B
S NERIACO R (13)

o AT B 2350 R BRIAE 5 03 Cwy —
M2 Cwy —wy) M A WRAEL. iy a4 S T, A
— I R U A BN O A B4 B
(0, wy — 2wy, A AT LS BT B e
iR E T S, .S S, A,

—w s 2wy

3 BAERERESH

3.1 FEEZR
3.1.1 AN

ARSCH T MATLAB {5 B IE E 3R BIS 9 1
Wbk, Bt S =1.0.S=0.7,S,=0.7,
S;=0.00H—fbJE). ZW MR AN f =

50.45 kHz, f,=50. 15 kHz il f; =50. 25 kHz,
w=2m f,(i=1,2,3), M7 LE R I H 8, = 0w =
/2,00 =m, ¥XESHH AKX G HHH 1k
(R EE L a2 Cad TR 5 K 38 4 2 ) '
b = BORTARS f #5 I 19 52 PR o, PR 60 il 4R 25 B
TR AR 43 o X% 42 B A S AR Ry Gy — wy)
(535 5 S, —, JTEL 2 (b) e i) (2 i 28 T 7, TR A
BAHTIA370 i 2 Cwr — wy) Socy o » WAL 2C) 1P
a2 s . Hodr /2 (b) i K 68 43k
KOG B & S, B 0. 5S,sin §sin 5,
200 I R B FR oy AL A S, By I 0.5S,[
cos & cos O; —sin & cos &sin 8 | MATE 45 R fEe
W B A5 a4 5 R .

M 0w =080 =n/2 Fl & =m, A 5F:], (&) =
0.472,J5 (&) = — 0. 304, ], (81,) =17, (&)
0.567,J,(8,)=0.250, J; (&) =0.485, $LH[E
2(a) P E 0 Sie=0. 400, A 2(b) 5 2(0)
Al SRR A=0. 225, B=0. 085,47 A3 (11)
A2)f13)"45:85=1.0,S=0.7,5=0.7,

Normalized intensity

Sen-a» ) ’ S

(b) Sy 1T e 1] ) A2 A

(b) S; versus time

1015 20 0 5 10 15 20

t/ms t/ms

() S, BRI 1] 942 1k

(¢) S versus time

P2 =l il 0 4k 05 R

Fig. 2 Simulation diagrams for measurement of polarization based on 3-PEM
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