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Analysis of the imperfection factors of quater-wave plates

Shuichi KAWABATA

Actual phase retardation plates have imperfections in the amplitude transmission ratio and

the phase retardation. We discuss the imperfection factors of quarter-wave plates made of

mica and quartz. We evidence that a mica retardation plate has its imperfections due to the

internal reflections in the mica plate. We also consider the mismatching of the neultral axes

between the first and the second quartz plate as the imperfection factors of the First-Order

retardation plates of quartz.
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Fig.1 Schematic diagram of the optical system
P: polarizer, C: phase retardation plate, RA :

rotating-analyzer
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Fig.2 Representation of the measured polarization
states on the Poincaré sphere S,™-5,™-S;™ coor-
dinate system represents the reference frame of
the analyzer
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Table 1 Experimental results of the mica
quater-wave plate
@ tan¥ A [deg]
30° 0.910 88.63
40° 0.910 88.70
45° 0.909 88.69
50° 0.910 88.71
60° 0.910 88.74
P,=P,™<cos 2 yo,—P,"*sin 2 xa
P,=P,™+sin 2 x» +P,™+cos 2 xa (2-8)
P;=P,"
BIU
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KHF ERNFOVEAS L% IERECH 2 LB 7%
{, REMGELBEETH S,

tan¥

3. B A/ARHITEITRLEAFORE
FRAT
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Table 2 Refractive index of mica at various

wavelength

A (nm) ng n; N1

435.8 1.61092 1.60637 0.00455
478.0 1.60592 1.60131 0.00461
546.1 1.60213 1.59734 0.00479
589.3 1.59978 1.59500 0.00478
660.0 1.59667 1.59184 0.00483
706.5 1.59505 1.59023 0.00482
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Fig.3 Wavelength dependence of the refractive index
of mica
ns : ordinary refractive index,
n¢: extraordinary refractive index
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Fig.5 The value of thn ¥ and A of the mica plate near
the thickness 33 um Solid circle( ) : tan ¥
Open circle(O) : A



46 HETERFALE Vol. 16, No. 1(1993)
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ZhiZ Fig. 6 R L7z & 5, fast @6 DH
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1 sin a

(4-2)
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)
L5 0o TEEAOREREERT LA b —
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Se=1
S;=—2 ¢ (cosA—cos d;)sin2 a+cos?2 a
S;=2 ¢ (1-cos d.)cos2 a+cosA *sin2 a
S;=sin A + sin2(a-¢ * cos d;) (4-3)
TH 5, BHFWIEER 1/4 EERTHNIE, A=
n/2 THDHH»5, (4-3) Rig,
Se=1
S;=2¢ *cosd, *sin2a+cos2 a

sin «

=cos 2(a-¢ * cos &) (4-4)
S, =2 ¢ (1-cos 6)cos 2 &
S;=sin2(a-¢ * cos d,)
ERB 0T, 2D /4 BEERICHNA 45 OE
IREE AST & 2 L ZDEHNIE, AAL L
FEHZEA e BENTH
tan2 =S,/S,=0
sin2 e =S;=sin 2(x/4-¢ * cos &)
L30T, HOfA0, FBHAEA x/4-¢cosd, D
BRRETH B, THIZZOBHETH, HAA 45
DAFTEARFEIE IR L T
tan W =tan(z/4— $+cos ;) =
1—¢-cos d,
1+ ¢-cos d*
DIREEBRILE DD 14 ERKRE L TIRS#ED
bbb,

(4-5)
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Fig.6 Schematic diagram of the First-Order quarter wave plate of quartz
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p

I
1
: transmitted light

Fig.7 Optical arrengement for measuring the transmittance with the rotation

of a quartz quarter-wave plate between polarizers

P: polarizer, C: quartz quarter-wave plate

4.2 HMR}EAS
iz, ZOBMTICHRELE2 ASXEHEIZ
DNTEZ 5,

Ef\ exp[iA] ,
(ES>:<¢~exp[iA](l—exp[ié‘-]),
—¢lexp[—io-])\[xi/V2
e
(4-7)
ZIT, MR LERY (=) AED (+)
2F£7. u=¢ (l-explio.]) 8L &,
E;=[%i - explia]—u*}/V2
E.=[x7u-exp[iA]+1]/V2
I Ty A= ANRNFTA—=F—X
Se=1
S,=F ¢[sin A—sin ¢, ]
S,=FsinA
S;=%FcosA
L5, % 2T A=2/2 DBE, ZENXIZERRL
(S8:=0)T, ZOHMAIZ z/4—¢(1-sind,)/2 &
%5, Blb Z0%5E, BHETFIE,
tan ¥ =1F ¢ (1-sin ¢,) (4-9)
DOIREZEEFLE L D 1A ERERE L TIRZ2ES
Z Db,
4.3 FHT=arBcB Y 3 BHETFOOER
RIS, ZODRAETFOMICBHETFZEALR
HRIE2550FBEEICOVWTE 2L S (Fig.
7., BEFOREOAREY 0 £ 35 &, Kt

(4-8)

WBWT, BEFEEBLIXDY 3 -V A7
s i,
E;\ expliA] )
(Es)_(qs-exp[z'A](l—exp[z'é‘_]),
— ¢ (1—exp[—is-]) cos wt
1 )(—Sin wt)
(4-10)
v,
E;\ [expliA]cos wt+¢ (1—exp[—id_])sin wt
THb, -7, ZOHOREFEEBT 5D
WX, O DR FOEBHOIENOESE ¢ L
T5E
Er=E; ¢ cos(wt-y) —E; * sin(wt-vy)
ThHd, ZEETIZX
I~E, - E,*
=[A+B +cos2 wt+C * sin 2 wt]
‘[A*+B*+cos 2 wt+C*+sin 2 wt]

é-expliA] (1—exp[id-])cos wt—sin wt

(4-11)

(4-12)
E%%, 22T,
A=[exp[iA](cos y+uesin y)
+ (cos y+u*-sin y) ]
B=[exp[iA](cos y+u-sin y)
— (cos y+u*ssin y) ] (4-13)

C=[exp[iA](sin y—u-cos ¥)
— (sin y+u*+sin y) |
Thd, ZhoDFFEIEBNT,
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Transmitled intevsity
(Arbitrary unit)

1
0° 90°

| |
180° 270° 360°

Azimuth of the guartz guarter-wave plate

Fig.8 Transmitted intensities varing with the azimuth of a quartz quarter-

wave plate between polarizers

AB*+A*B=0 (4-14)
AC*+A*C=0
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Appendix :
HT=a VA TOBHEFDOEERIC & 2 EEEE
HEIET 5 HDORIE L,

Ey=E;-cos(wt—y) —Egesin(wt—1y)
ThHdb, 22T

E;=exp[iA]cos wt+ ¢ (1—exp[-id])sin wt
E.=¢-exp[iA] (1-exp[is_]) cos wt—sin wt
Thb, u=¢(l-explio]) £BL &,
Ex=[exp[iA]coswt+u* sinwt]cos(wt-y)
—[usexp[iA]cos wt—sin wt]sin(wt—1y)
=[exp[7/A]cos wt+u*-sin wt](cos y cos wt+sin y sin wt)
+[ucexp[iA]cos wt—sin wt] (sin ¥ cos wt—cos y sin wt)
=[exp[iA]cos y costwt+u*esin y sin wt
+ (u*+cos y+exp[iAlsiny sin wt cos wt]
+[ucexp[iA]sin y cos?wt+cos y sin‘wt
— (urexp[iA]cos y+sin y)sin wt cos wt
=[expliA]cos ¥y (1+cos 2 wt) +u*+sin y(1-cos 2 wt)
+ (u*ecos y+exp[iAlsin y)sin 2 wt]/2
+[usexp[iAlsin y (1+cos 2 wt) +cos y (1—cos 2 wt)
— (u-expliAlcos y+sin y)sin 2 wt]/2
=[exp[iA]cos y+u-exp[iA]sin y+u*+sin y+cos y]/2
+[exp[iA]cos y+u-exp[iA]sin y —u*+sin y —cos y]cos 2 @t/2
+[u*+cos y+exp[iAlsin y) — (urexp[iAlcos y+sin y) Isin 2 wt/2
=[exp[iA](cos y+ussin y) + (cos y+u*+sin y) /2
+[exp[iA](cos y+ussin y) — (cos y+u*+sin y) Jcos 2 wt/2
+[exp[7A](sin y —u+cos y) — (sin y—u*+cos y) Isin 2 wt/2
EiRB, ZIZTEBIZ,
[exp[ZA] (cos y+uesin y) + (cos y+u*+sin y) |=A
[exp[iA](cos y+ussin y) — (cos y+u*+sin ) ]=B
[exp[iA](sin y—u-cos y) — (sin y—u*-cos y) ]=C
LB E, ZE®EIL I,
I~E,-E.*
=[A+B-cos 2 wt+Cssin 2 wt]*[A*+B*+cos 2 wt+C**sin 2 wt]
=[AA*+ (AB*+A*B)cos 2 wt+ (AC*+ A*C)sin 2 wt
+ (BC*+B*C)sin 2 wtcos 2 wt+BB*+cos?2 wt+CC*+sin?2 wt]
=[2 AA*+2(AB*+A*B)cos 2 wt+2(AC*+A*C)sin 2 wt
+ (BC*+B*C)sin 4 wt+BB* (14+cos 4 wt) +CC*(1—cos 4 wt)]/2
=[2 AA*+BB*+CC*]+2[A*B+AB*]cos 2 wt+2[A*C+AC*]sin 2 wt
+[BB*—CC*]cos 4 wt+ (BC*+B*C)sin 4 wt
L%, 261,
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cos y+uesin y=n, sin y—u*cos y=m
LEE, cos2wt & sin2 wt DESEHET S, 73 cos2 ot DESTII,
AB*=[n-exp[/A]+n*]<[n*<exp[—7iA] —n]
= —[n2-exp[iA] —n*?+exp[ —iA]
= —[cos?y+u-sin 2 ylexp[iA]+[cos?y+ursin 2 ylexp[—iA]
= —[explia]—exp[—iA]cos?y —[usexp[iA] —u*+exp[—7A]lsin 2 ¥
= —24 sin A[cos?y+ ¢ (sin A—sin &,)sin 2 y]
ERB, I
AB*+A*B=0
YA Ebh A, RIC sin 2 et DI,
AC*=[n-exp[iA]+n*][m*+exp[—iA]—m]
=[nm*—n*m]—[nm-exp[;A] —n*m*-exp[ —7A]]
ThHb, 361,
nm* = (cos y+u-sin y) * (sin y —u*-cos y)
= (ussin?y —u*+cos?y) +sin y cos y
=[(u—u*) — (u+u*)cos 2 y+sin 2 y]/2
=—[ip+sin -+ ¢ (1—cos 6_)cos 2 y—sin 2 y/2]
ERBEMS,
nm*—n*m=[(u—u*) — (u+u*)cos 2 y+sin 2 y}/2
—[(u*—u) — (u*+u)cos 2 y+sin 2 y]/2
=u—u*=—2i¢+sin d-
%7z,
nm= (cos y+uesin y) * (sin y —u+cos y) =u(sin’y —cos’y) +sin y cos y
=—uecos2 y+sin2 y/2
ERBh o,
nme-exp[iA]=—u-exp[iA]cos 2 y+exp[/A]sin 2 y/2
n*m*+exp[ —iA]=—u*+exp[—iAlcos 2 y +exp[ —iA]sin 2 y/2
- T,
nmeexp[;A]—n*m*-exp[ —7A]
= — (urexp[iA]—u*+exp[—iA])cos 2 y+ (exp[iA] —exp[ —iA])sin 2 y/2
= —2i¢ (sinA—sind, ) cos 2 y+i sinAsin 2 y
£Rrn,
AC*=—2i¢psin & —2i¢ (sin A—sin d;)cos 2 y+isinAsin 2 y
= —2i¢p[(sin A—sin &,)cos 2 y+sin o_]+isinAsin2 y
EbH, o,
AC*+A*C=0
TH5,
PlEX YD, BEEE L CEBEFOREICES 20 BRSEEENRWI EBDbY S,



