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This paper represents an automated birefringence measurement system using a Zeeman laser.
This system allows the simultaneous measurement of relative retardation and azimuth angle

of fast axis in an optical sample with a heterodyne technique.
used as samples; one is a calibrated Babinet-Soleil compensator.

Two optical elements were
When its retardation was

varied within the range of *+5 degrees, measurement values obtained agreed well with the

calibrated values.

The other is a high Nd-doped laser glass which operates in the wave-length

of 1.06 um. The vector operation for the net birefringence of the tandem samples is also

discussed.
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Fig. 1 Principle for birefringence measure-
ment by the use of STZL. STZL: stabilized
transverse Zeeman laser. HW : half-wave plate.
LP2¢-45: linear polarizer. Xp,4: sample. PD:
photodiode.
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Fig. 2 Phase change of intramode beat signal
as a function of rotation angle of half-wave
plate.
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Fig. 3 Gain profile and axial mode spectra of infrared He-Ne laser tube under no magnetic

field (a) and transverse magnetic field (b).
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Fig. 4 Examples of beat waveform (a) and intramode beat spectrum (b) in a charac-

teristic magnetic field.
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Fig. 5 Tuning curve of the intramode beat
frequency of infrared He-Ne laser.
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Fig. 6 Schematic diagram for frequency stabi-
lization of infrared transverse Zeeman laser.
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Fig. 7 Schematic diagram of the experimental
setup. IRSTZL : stabilized 1152 nm He-Ne trans-
verse Zeeman laser. HM : beam splitter. HW,:
half-wave plate. LPag:45: linear polarizer. LPus:
linear polarizer. Xo,s: objective sample. PDsig:
photodiode. PDyes : photodiode. AMP : amplifier.
FVC & SA : frequency to voltage converter and
servo amplifier. PM : phase meter. ADC: analog
to digital converter. PC: personal computer.
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Fig. 8 Minimum detectable birefringence vs.
time.
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Fig. 10 Plots of phase data for the BSC used
as a sample.
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Fig. 11 Plots of experimental retardation value
and orientation of fast axis by changing retar-
dation of BSC.
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Table 1 Comparison of experimental values with the calculated values of

two samples.

A B ® A+B ® AB 0-®@
(deg) (deg) (deg) (deg) (deg)

. 4 0. 374 0. 972 0.935 | 0.953 | —0.018
é 5.32 58. 34 4746 47.28 0.17

) 4 0.374 0.777 1107 | 1106 |  0.001
6 5.32 . —11.62 —6.19 ! —-6.17 0.12

2 4 0. 367 0.777 1107 1.088 0. 019
é 4.00 —11.62 ~6.67 |, —6.36 0.31

A, B: experimental value of sample A and B, respectively. @ A+B: a

calculated value using A and B by vector addition.

® AB: a compound

experimental value of A and B. @—@® : the difference between @ A+B

and @ AB. 4: the retardation.

@ : the orientation of fast axis.
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WE, ZODOMMEF A, BObOEREITEE EMEE
FhZE ZNZEN da, Oa, ds, 6 &3 3. 2T, B
FHOBEICLD, N7 P EE TR B ERESH A,
FEREZ 2ELUIEERAVSC LiCEETSE. ZD0N
7 M VDREBAES

Oc=20a—208 (A-1)
ELT, BREBOERITE Jas EEHEBH O %
k3.

JENCEERFEENIC z—y BXEZE%2 & D, IRS
TZL W55 2% c BicED 3. A, BD
BEF7 b vD 2R, v BRARENERRO LS 1T
155,

Aa-=Aa cos (20a)

Aay = A sin (20a)

Ap:= 4s cos (20s)

Apy = 4p sin (208)
IOy PVvEMET S LARBEETN bR
XHiciss.

(A-2)

dcarpy==da cos (20a)+ 45 cos (268) } (A-3)
Aca+pyy = Aa sin (20a)+ As sin (205) et
Aa+p=(dca+prz2+ dca+pr2)2

= (4a%+ 482+ 2448 cos 6c)12 (A-4)

sin 20a+p= 43 sin 20c/4a+s
cos 20a+s=(da+ 4s cos 20c)/ da+n
BEITEZ S ORBRERMETFTH 205, cher
T2 —5TFRRDLS L1585,



IRSTZL ic X 2 EFHE (B - HgH) 471(63)

1 0 0 0
Ry o 0 1—(1—cos d)sin?20 (1—cos 4)sin20cos26 —sin A sin 26 (A-5)
“=lo (1—cos 4) sin 20 cos 20 1—(1—cos 4d)cos? 20 sin 4 cos 20
0 sin 4 sin 20 —sin 4 cos 20 cos 4
(A-)R%E (A-B)RICHAL, dassgl EUTEETSLEALB DAERBED I = — FFTFIIRKRD K135,
rl 0 0 : 0
R o000 0 1—(1—cos da+B) sin 20a+8 (1—cos da+s)sin 20a+Bcos 20a+3  —sin da+p sin 20a-B
ABIAPT 0 (1—cos da+B) sin 20a+s cos 20a+8 1—(1—cos da+B) cos®20a+8 sin 4a-pcos 20a+5
LO sin Jda+Bsin 20a+8 —sin Ja-+pcos 20a+B cos da+s
rl 0 0 0
0 1 0 — Ag sin 26c
“lo 0 1 Aa+ dp cos 20c (A-6)
L0 dpsin20c — da— dscos 26c 1

Ric, “ODEEMETEET S 2 — 7 AFOARIKONTELS. (A-HRIKBNT IK1 B HEZE L,
Aasd5=0, Oc=0a—08 £§ 5 &,

1 0 0 0
Ru4a.s,0a,8= Rua, 04+ Ras, 5= 0 1 0 ~ dasin 204
0 0 1 Aa cos 20a
0 Adasin20n —da cos20a 1
1 0 0 0
y 0 1 0 — 4dssin 208
0 0 1 Ag cos 268
0 dpsin20s — 4scos 208 1
1 0 0 0
0 1 0 — Ap sin 26c
“lo 0 1 Aa+ Az cos 26 (A-T)
A+4ds c
0 dgsin 20c — da— dgcos 20c 1

13, (A-B)RE(A-RIFZELLB-TVBDT, EEIFEDONY P VEEDKDILDT &0 5.



