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A New Method to Calibrate Accurately a Photoelastic Modulator
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Abstract: A new method to calibrate accurately a photoelastic modulator is proposed to compensate for the
shortcomings of current calibration methods. Firstly, the photoelastic modulator is calibrated roughly to locate its
peak retardation around 1.841 rad using the fundamental component's maximum of the detection signal in an optical
system for calibration which is composed of polarizer, waveplate, photoelastic modulator and analyzer. Then the
waveplate is taken away to form an optical system for accurate calibration. Before and after the analyzer is rotated,
the direct current and secondary harmonic components of the detection signals are obtained to calculate the peak
retardation of the photoelastic modulator. The accurate calibration for the photoelastic modulator is realized and its
precision is independent of the incident intensity and the circuit parameters. The calibration method was verified by
experiments. The calibrated error of the method is less than 0. 7% . The peak retardation of the photoelastic
modulator is small in the calibration, so the photoelastic modulator can be calibrated in the long-wave band of its
spectral range using this calibration method.
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Fig.1 Optical system for rough calibration of

photoelastic modulator

I =1I,[1— cos Beos(assin wt) +
sin Bsin(a;sin wz) ], (2
I, A ASR, B A A AR ERE . (2) XikfT
A B SR R T R
I=I,[1—cosBe«Jy(ay) +
2sin B« J1(ap) » sinwt —
2cos B« J,(ap) » cos 2wt + ++1/2, (3)
Jila) sk = 0,1,2 3 FURFH . —Br . —Br WK K
BRI I RE S HR SR VAR’ RS
P58 DL ROR U I 43 B 5 v R I O B 1) R A
=W TS|
Iy = Iysin BJ; () sin wt. 4
PR 65ROt F 3% 4 J5 48 o0 HiG B R K R B L U O R B
JG 3k B UGy B AW A &, A o6 A A8 K
3 ] E B 1 B 5 — B R R A5 5 R A BOK HRL i
MSZES , AT 47 B 403 A 3K %5 15 2
B ES W E 5 & Vi
Vie = M.yl oJs (ao)sin B, (5)
Hep M, R4 B BB, g BIGHZEHRR
. X HEE T (a0) BEF, BIEENAES 1 550 5
BHAF., J1()FE o WHEMTBEHHE K, X a0 K
1. 841 rad B ,Jy (o) K BVBAAE , R AF 5 i B9
SrEWRBINKME. B, v] LU 5 S AR
KAEX R 25 AT AR €« BDNBIF IR Z 2
DU 2% He vl 4 o R B I (E R R, SR IUE 5 1
FE 43 B A N 3t A T 0 B B K, X e R e
B0 B — (BB BE A5 4y B ik B0 AR K AH, b B O 3 0
il 25 I I (E ZEIR & 1. 841 rad.,

Hy DU ZE R bR B0 AR AL A M W] 40, Ty (o) 7E LU
fHCao = LD ERNELBARE. L o &
1. 673~2. 01075 Bl 9 54k , BP a0 AHRT AR AL 9. 120 B,
J1Cao) W A5 AL T BBl 2R 0. 5760 ~ 0. 5819, 4L 5k & 3
JiCa) BIAERT AEARAN A 1% . B (5) AT AT, Fi) A 2%
W 43 B2 WA R B % O T S 8% R AT 4 2 B, DB BRI
3 170K =4: 9. 1 % bR R 25, l e R R —Fi
WA A .

R HL A0 4 B AR KA AT M I AR B IS, AN B
WK IEEIER B R dome. 21 0 AL ISR E G B
CEPE D i i 1 80E T2 B0 B 2 (a) BT 7 B RS
B A8 6 %, W00 )t 58 A8 Ry

I =11~ Jo Caoma) —
2]5 (tomax) * €OS 2wt + *=+ /2. (6)
Ot R i A s v 425 T PR B 0 R 1145 S AR U AR D B
MR KBNS EES HKES & E S A B i



6 BRES: bR E A 6 8% i 801

JERBHERD R Vi MK TR Vea , BR
Via = Macglo[1— Iy Caome) 1/2, 0
{ Vin = Maeql o)z (aomax) 5 (8)
Hop Mo hE W BB BN . 8 T IHEROBIERM
SN, (DXMEOKXEREBE, BIERS

N 45° 0 —-45“

Vw
et

(&

BMZRKIBET BN ILE R,

Via _ Ma | 1= Jo (@oma)
szl Mac 2]2 (aOmax) )
ol Ry HAIER B o BT B IRIB &
Y EEL I A M BT ML AHIR, TS AR,

Rl == (9)

y 45° 0 ’ --45 ’

Vo :

Laser f |:| N Detec Lm

Polarizer Fhotoelastic Analyzer
modualator

Dmm toT

. _|. ]
La‘;e-r

Polarizer FPhotoelastic Analyzer
modulator

B2 JeEEHSRRETIRE . (DRMESTER Z 8T, (bR ez a

Fig. 2 Optical systems for accurate calibration of photoelastic modulator.

(a) Before and (b) after the analyzer is rotated
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Table 1 Data in the rough calibration
oy /rad Vu/V oy /rad Vu/V
1.759 7. 370 1. 841 7. 386
1.772 7.384 1. 854 7. 387
1.791 7.393 1. 872 7. 387
1.810 7.382 1,891 7. 383
1.822 7. 383 1,910 7.374
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Table 2 Data in the accurate calibration

Vi /V Von /V R Viz/V Vi /V R

2. 580 3.737 0.6922  5.240 3.743  1.3999
2. 569 3.716  0.6913 5.248 3.745 1.4013
2,575 3.727 0.6909 5,237 3.739  1.4006
2.593 3.741 0.6931 5,219 3.740 1.4003
2. 600 3.744 0.6944 5.243 3.740  1.4003
2.581 3.728 0.6923  5.268 3.762  1.4003
2.579 3.729 0.6916 5,261 3.760  1.3992
2,583 3.732  0.6921 5,246 3.748  1.3997
2. 585 3.732  0.6927 5,253 3.758  1.3978
2. 601 3.747 0.6942  5.269 3.768 1.3984
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