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Design of phase retardation measuring instrument for
optical wave plate
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Abstract: One laser oscillating mode would split into two with an optical wave plate being inserted in
the resonator. The frequency difference of splitting modes can be measured to obtain the wave plate
phase retardation. Based on the principle, a measuring instrument for wave plate was designed with
optical path along vertical direction, which could choose certain measuring method according to oscillating
modes altered by frequency difference. The half —cavity laser, the detection of laser intensity and
frequency difference, the controlling program were described in detail. In order to automatically measure
wave plate with high precision, the instrument utilized the equal intensity point of two orthogonally
polarized lights as working point, and compensated the systematic errors from initial phase retardation and
slightly tilted wave plate. In testing experiments, the instrument can automatically discriminate and
measure arbitrary retardance wave plates. The measurements show standard deviation of about 0.01° and
uncertainty of 0.03° (less than A/10 000) as to a multi—order quartz wave plate. The instrument has
traceability and only the frequency difference of laser modes is acquired in measurement.

Key words: phase retardation; wave plate measuring; frequency splitting;  orthogonal polarization;

helium—neon laser

%5 B 81 .2019-02-10; &7 H #§:2019-03-20
BEE£W B . Bx AR 54 (41627806)
TEE I XN 4R (1980-), 55, I 51, T, 382 DA SR et 2 0 e A 23 AR5 AR 5 T Y . Email ; liuwx @sdu.edu.cn

0718001-1



ok AR

%7 www.irla.cn % 48 %
AV ZE R 35 2
0 51 5 d=(Av/A)m=(Av/A)x180° (1)

WOGCH ARG B A T 2N, JtHY
WOCERAS B AR AL A, 3 76 TR i N B8 s A1 i
BEOGE IO, (R A AR A PO A 2R 5O R A AR
b, v AR T R R I U S R AR O
ol T N FOREAE , T, B A S
B, A RESR Y M s R A s R G PERE TR
PR TSGR i, H AR A A LA . e
W61 DG RE IR T 0 A O i 1 N
ZEIAN 22 T UL MR A SE ) X ST R R A,
A BT ZERG I A B R 4R HL B 5 35 T
TR DN Bk i A2 N 25 A L M R e 5 — i
HORE B HA M100~M/1 000, HA B HiE T 1/4 3
R S A WEAS P 8 = AT KRN

TR A WEAE Ry 6 R AV SR R DU 2% FH
LR R T . B R A O R S
w5 TR I 52 418 ' A i 3 5 il 2 7= A i S B9 A
22000 al F 7 A A R O A Uk AR B e
HR T SRR AE IR L IO [l 5 R )
RS fRT TR LI, A ARG RN T, R
SR ARG — M A 29 0.3°,

R T EEAE R R, AR R
HEBA ORI, (EHOGHR G & A 05 % 5y
4P G vl R I R A A SE R S PO A R
(RPPE ) SRIBE R A, FLAT 8 2 WS B DU 4 | A1 WG
AT I LA MR L SRR OB R 4 24F
FEHERN b Bt T —Fh/NEAR ) Sl Y AR A
R, WA BOGRS JEsR AR 2 580 oT 2
B, BERE AR TAE S DL S AME R Gk 2, (A8 T B
B AR IE R /N P R4 T RS B

1 HAAERMEM ARG IZIT

1.1 EXNEFEE

RATHOCH R, B — & A7 LE R i R 7
AN RGOSR I I VR 25 ST 56 B A>T 1]
S B AR AR B M — A R IR s o 2 A R AN [
CEREAR R B FA S K, 6 0y i A — B2 43 54
RS A B AE A B PR (K 1) s, LR
NI EARIRAS, /BRI RARA ), W N R Y

SR Av KA R | A R IR S bR
e, AT L OB R v, A, v, By, R
Yk A OB , T R TE 5] A=Av+Ar’, 1RA
AR HFM B IER

Cr

q-1

Tuning —p
A {;4\& Y
/é\' A

(a) Frequency splitting occurs

Tuning =

"

yan ﬂ%/L\?L

Ayt

Rl LA
P ! ;

1‘.-I.I.- 2 1\.lln'-| ‘Iu |‘I-'

(b) R KA 53 2L
(b) No frequency splitting
P 1 R A A3 ) s

Fig.1 Principle of wave plate phase retardation measurement
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Fig.2 Schematic design of wave plate phase retardation

measuring system
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Fig.4 Equal intensity point (EIP) of two polarized

lights intensity tuning curve
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Tab.1 Measurement results of different wave

plate (measured at 26.9°C)

Retardance of  Retardance of  Retardance of

Measuring no. 1/4 wave plate 1/2 wave plate 1/8 wave plate

D/(°) D/(°) D/(°)

1 91.800 177.318 47.175

2 91.801 177.314 47.185

3 91.801 177.304 47.185

4 91.806 177.300 47.186

5 91.796 177.294 47.186
Average 91.801 177.306 47.183
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