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Effects of optical axis direction on optical path difference
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A simple method is applied to calculating the optical path difference (OPD) of a plane parallel uniaxial plate
with an arbitrary optical axis direction. Then, the theoretical expressions of the OPD and lateral displacement (LD)
of Savart polariscope under non-ideal conditions are obtained exactly. The variations of OPD and LD are simulated,

and some important conclusions are obtained when the optical axis directions have an identical tolerance of +1°. An

application example is given that the tolerances of optical axis directions are gained according to the spectral resolution

tolerances of the stationary polarization interference imaging spectrometer (SPIIS). Several approximate formulae are

obtained for explaining some conclusions above. The work provides a theoretical guidance for the optic design, crystal

processing, installation and debugging, data analysis and spectral reconstruction of the SPIIS.
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1. Introduction

The polarization interference imaging spectrom-
eter (PIIS) was presented in the mid-1990s and a
prototype imaging interferometer called digital ar-
ray scanned interferometer (DASI) was developed at
Washington University in 1996.[1:2 DASI is a station-
ary spatially modulated interferometer spectrometer.
Its advantages include high optical throughput, signal
linearity, a large dynamic range, wide spectral region,
and spectral fidelity. However, there are two weak-
nesses with it. First, the remote objects or weak sig-
nals cannot be detected in that the slit limits the opti-
cal throughput and the signal-to-noise ratio. The sec-
ond is that the hyperbolic far-field interference fringes
are not conducive to spectral reconstruction. The sta-
tionary polarization interference imaging spectrome-
ter (SPILS) based on Savart polariscope was presented
by Zhang et al. in 2000.3~8 Compared with DASI, it
is ultra-compact, stationary, has a wide field of view
and high optical throughput.!9—2%

So far, there have been many reports on the ray
tracing in uniaxial crystals?2=27 and calculations for
the optical path difference (OPD) and lateral displace-

¢.28=37] But there is no

ment (LD) of Savart polariscop
study regarding the effect of the optical axis direction
on the OPD and LD. However, the work on the ef-
fect is very important for the imaging quality of the
SPIIS because the core part of the SPIIS is Savart po-
lariscope. So the work has great significance for the
promotion of the SPIIS.

In the present paper, the effects of the optical
axis direction on OPD and LD of Savart polariscope
are investigated theoretically. It provides a theoreti-
cal guidance for the optic design, crystal processing,
installation and debugging, data analysis and spectral
reconstruction of the SPIIS. The results will provide a
theoretical and practical guide to studying, developing
and engineering the PIIS.

2. Theory analysis
2.1. Ray tracing in a plane parallel uni-
axial plate

A uniaxial crystal is characterized by a single op-
tical axis and two refractive indices: one is n,, which
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is the ordinary refractive constant index and the other
is n(#), which varies, according to the direction of
the wave normal propagation inside the crystal, be-
tween n, and the extraordinary refractive constant
index me. In a uniaxial crystal, one incident ray is
split up into two rays. One of them, called an or-
dinary ray (o-ray), satisfies Snell’s law of refraction,
and calculations of its propagation are the same as
those for an isotropic medium. The other, called an
extraordinary ray (e-ray), does not satisfy Snell’s law
of refraction, and calculations of its propagation are
slightly more complicated. To solve the problem, one
can apply either Maxwell’s equations!?*25! or a geo-
metrical approach.?6:271 In the present paper we use

the method presented in Shen’s paper./?2

T A

optical |axis

Fig. 1. Illustration of the ray propagation in plane par-
allel uniaxial plate.

As shown in Fig. 1, we suppose that an incident
ray reaches a plane parallel uniaxial plate, where the
22 plane is the incident plane. Reference frame Z32 is
defined such that Oz lies along the surface of the plate,
Oz is the inner surface normal, and O¢ completes the
right-handed system. The direction of optical axis is
determined by angles v and 8 together. The angle be-
tween OZ and the optical axis is 0° < 8 < 90°. Corre-
spondingly, v is the angle measured between the inci-

cot 0, = [(B? + 4AC)'/? — B]/(20)
(n2 — n?2)sin B cos (3 cosy

~ n2sin® B+ n2cos? 3

no{n2(n2sin? B + n2 cos? B) — [(n2 — n2)sin? Bsin? y + n2n? sin? i} /2

dent surface and the principal section of the uniaxial
crystal, and it is within the range of —180° < v < 180°
(observing along OZ, « is positive when the direction
from the positive direction of O to the project of
optical axis is clockwise, vice verse). Thereby, the di-
rection vector of optical axis can be expressed as

W = cosysin BZ + sin vy sin 8y + cos BZ. (1)

2.1.1. The o-wave and o-ray vectors

The o-wave and o-ray vectors obey the Snell’s law,
and the refractive angles of o-wave and o-ray (6,) can

be calculated from[38!

n; sint = ngsing,, (2)

where ¢ is the incident angle, and n; is the refractive
index of incident medium; and the direction vector of
incident ray is S; = sini &+ cosi 2. Both the incident
and refractive waves are in the incident plane,®! so
both the vectors of o-wave and o-ray are

ko = S, = sinfo2 + cos 6, 2. (3)

2.1.2. The e-wave and e-ray vectors

In fact, e-wave and e-ray vectors do not obey
Snell’s law and they vary with optical axis direction,
incident wavelength and refractive medium, etc.[22:27]
A simple method used to calculate the e-wave and e-
ray is described in Shen’s paper.[?2l As shown in Fig. 1,

the e-wave refractive angle is determined by!??!

tanf, = [B + (B2 +4AC)'?]/(24), (4)
where

A =n2n?—[n2+ (n? —n2)sin® 3 cos® y|n?sin i, (5)

B = (n2 — n?)n? sin? i sin 23 cos v, (6)
C = (n?sin® B + n? cos? B)n? sin . (7)

Based on Egs. (4)—(7), we can obtain

(n2sin? B + n2 cos? B)n; sin i

The e-wave vector is expressed as

ke = sin 0.8 + cos 0,.2. (9)
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According to the relation In accordance with Shen’s paper,[?? the e-ray vector
cos %0, = 1+ tan® 0, (10) ®
the angle between e-wave and the optical axis is cal- Se = (&sin b, + nsin B cos )i + nsin Bsinyg
culated from + (£cosB. +ncos B)2
cosf = (cos 3 + sin 3 cosy tan 6, ) (1 4 tan® 6,) ~1/2. = Sz 4 Syf + 522 (14)
(11) . .
The e-wave refractive index is given byl38] The normalized direction vector of S, denoted by S,
is
n(0) = none(n?sin? 6 + n? cos? 6) /2, (12)
& _ (@2 @2 4 e2\-1/2(q 4 " 5
and n(f) can also be expressed as[>®! S = (2 + 85+ 9272 (Se + Sy + 5.2), (15)
n(0) = n; sini/ sin f,. (13)  where
|
SZ 4 S; + 52 = €2[1 4 &% + 2¢(sin S cos y tan 6, + cos B)(1 + tan? 6,) ~1/?], (16)
&= g 05 0 =[1+ (n!/nt —1)cos®)~1/? (17)
n2 cos 0 el ’
n=(1-n2/n2)cosb, = (n2/n? —1)[1 4 (nt/n —1)cos? 6] ~1/2 cos ¥, (18)
"
0, = arctan n2 tané |, (19)

and 6, is the angle between e-ray vector and the optical axis direction vector, and
e =n/¢ = (n2/n% —1)(cos B + sin B cos y tan 6, ) (1 + tan® 6,) /2. (20)

From Eqgs. (14) and (2), one can deduce that

sin @, + e sin B cosy

S./S. =

/ cos B, + ecos B
_ tanf. + (n2/n2 — 1)(cos 8 4 sin 3 cos y tan 6, sin 3 cos y (21)
B 14+ (n2/n2 —1)(cos B + sin B cosy tan 6, ) cos 8 ’

S, /S, = esin fBsinvy

(14 tan?6,)~1/2 + ¢ cos 3
(n2/n2 —1)(cos B + sin B cos 7y tan ) sin 3 sin y

T 1+ (n2/n2 — 1)(cos 8 + sin B cosytan ) cos B (22)
The angle between the e-wave and e-ray vectors designated by « is given by
o = arccos|(sin 0,5, + cos 0.5, )(S% + Sg + 83712, (23)
And the e-ray refractive index is presented by
Nes = 1(f) cos a = n; sini(S, + S./ tan ) (S2 + SZ + S2) /2. (24)

2.1.3. Optical paths of o-ray and e-ray

We assume that the thickness of the plane parallel uniaxial plate is ¢, the incident point on the front surface
of the plate is the origin, and the exit point coordinate of the o-ray is (X, = ttané,, Y, =0, Z, = t). Thereby,
the optical path of o-ray denoted by A, is

A, = no(Xg + 1)1/2 = notsecl,. (25)
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The exit point coordinate of the e-ray is (X, =¢S,/5., Ye =1S5,/5., Z. =1), and we can obtain
(X2+Y2+23)'2 =t(S7+ )+ 82)'/2/5.. (26)
Therefore, the optical path of e-ray is given by
Ao = Nes (X2 + Y2 + Z2)Y2 = tn;sini(S, /S, + 1/ tan6,). (27)

Equation (27) is meaningless because the term 1/tanf, is infinite when the incident ray is normally incident
(i = 0°). Applying the basic formulae in the reference,?? we obtain

Aézoo = t[(nsin® B/n? + n? cos? B)/(sin? B + n? cos? B/ng)]l/Q, (28)
where A= is the optical path corresponding to i = 0°.

2.2. Principle of Savart polariscope passed through the polarizer P». Ultimately, they
would form the interferogram and image of objective

The optical scheme of Savart polariscope is shown . .
R . . . on focal plane of the imaging lens.
in Fig. 2. It is composed of two identical plane paral-

lel plates of uniaxial negative crystal which are clung

2.3. OPD and LD of Savart polariscope

together with Canada balsam. The optical axis of ) .
under non-ideal conditions

the first plate is in the ZoZ plane, the angle between

the optical axis and § axis (or £ axis) is 45°. The As shown in Fig. 3, we assume that the optical
optical axis of the second plate is perpendicular to  axis direction vectors of the two plates in Savart po-
the first plate and in the Zog plane, the angle between  lariscope are, respectively,

the optical axis and ¢ axis (or £ axis) is 45°. In the
first plate the incident ray is split up into o-ray and Wy = cosyysin f1@ + sinyy sin f1 + cos 12, (29)
e-ray. Similarly, the o-ray and e-ray can be split up and
into o-ray and e-ray in the second plate, respectively,

and the four rays are oo-ray, oe-ray, eo-ray and ee- Wg = COS Y2 Sin o + sinyo sin B2y + cos B22.  (30)
ray. Since the transmittances of the oo-ray and the
oe-ray are approaching to 1072, even 104,13 we just x4

consider the oe-ray and the eo-ray in the SPIIS. The Savart polariscope

exit rays are parallely laterally sheared but not lon-

gitudinally shared. The vibration directions of the
oe-ray and the eo-ray are perpendicular to each other.

) e_____)_J___f’Q._- -
However, they change into two linearly polarized lights N EARPEEES S S ot SUUN ;77_\@—>
whose vibration directions are identical after they have P i B ?

]

Savart polariscope x

1459 N
I eo _ \(

I
I il

Fig. 3. Description of the optical path difference and lat-
eral displacement for a Savart polariscope under non-ideal

condition.
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/ }{ // /// / 1; The propagation directions of o-ray and e-ray are
Y £ | Y parallel in Canada balsam which is isotropic medium,
i t and the refractive indices of o-ray and e-ray are equal.

Thereby, the OPD between o-ray and e-ray, induced
by Canada balsam, is zero, and the total OPD (A)

Fig. 2. Structure and optical principle of Savart polar- K .
produced by Savart polariscope is

iscope.
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A:|A9+Aeo_Ao_Aoe_ABC|a (31)

where nes and nees are the ray refractive indices of the e-ray and oe-ray, respectively; Ao, Aoo, Ao, Aoe, and
Apc are the optical paths of e-ray, eo-ray, o-ray, oe-ray and BC, they are given as

Ae =nes |OP|, Ago =no |PA|, Ao =n,|0Q),

Age = Noes |QB|, Apc =n,; |BC|, |BC|=BA-S;, (32)
where
BA = t(Sa:c/Szc + tan O, — Szoc/Szoc — tan eo)i' + t(SyC/SZC - SyOC/SZOC)Q7 (33)
‘BC| = |BA ’ Sz' =tsini |(Sace/Sze + tan e, — Swoe/szoe - ta1190>| : (34)

Using the theory for ray tracing in the plane parallel uniaxial plate, the expression of A can be rewritten
as
A=A+ Ao — Ay — Ape — Apc| = tn; sini|cot O, — cot O, , (35)

Substituting Eq. (8) into Eq. (35), the OPD A as a function of 4, 71, 81, 72, 82 can be obtained, the subscriptions
1 and 2 denote the parameters relevant to the first and the second plates, respectively. When i = 0°, the A is
given by

A=Y = ¢ |[(nt sin? By /n2 + n? cos? B1)/(sin? By 4 n? cos? By /n2)]M/?

— [(ntsin? By /n2 + n2 cos® By) /(sin? By + n? cos? By /n2)| /2. (36)

\
From Eq. (36), we find that only A*=%° is a function of 3. Simulations
B1, Ba; and A™=0" = 0 when 8 = 5. From Egs. (35)
and (36), we find that A is just related to the opti- In this section, giving the incident angle i = 3°,
cal paths of the e-ray and oe-ray because the optical  {}6 variations of d and A with Bi1, 71 and B, 2 will

paths of o-ray and eo-ray are equal. be simulated respectively. Under the ideal condition,

Likewise, the lateral displacement d introduced the parameter values of Savart polariscope are set as

by Savart pOlamSCOpe 1S ,Yildeal — OO, Bildeal — 4507 ,yi2dea1 — 90° and Bi2dea1 — 45°,
The refractive indices of calcite are n, = 1.65835,
ne = 1.48640 at the wavelength A = 589.3 nm. The

thickness of a single plate is 6 mm, so the thickness of

d= (|AB|* = |BC|})/?
= t[(swe/sze - ‘S:poe/ﬁsfz()e)2 COSQZ.

_ 211/2
+ (Sye/Sze = Syoe/Sz0e) 17, (37) Savart polariscope is 12 mm. The material between

the two plates is Canada balsam whose refractive in-
where Sme/5267 Smoe/Szoe; Sye/Szm and Syoe/Szoe can P

be calculated from Eqs. (4) and (21). Correspond-
ingly, when ¢ = 0°,

dex ranges approximately from 1.52 to 1.54, and its
thickness is negligible. Considering the machining ac-
curacy, we set the variable error tolerances of the opti-
A= = {[T? + T} — 2T Ty cos(y1 —72)]*/%,  (38)  cal axis direction angles 31, 71, B2, 72 as £1°. During
the simulation process, the angles 81 and v (or 85 and

where ~2) both are variables and the others remain constant.
The effects of 81 and v; on A are depicted in
Ty = (1 —n?/n?)tan 1+ (n?/n?)tan® 3], (39
1= ofne) tan i /[L+ (na/ne) Al (39) Fig. 4. A useful conclusion that can be obtained from
Fig. 4 is that A significantly increases with in a
T, = (1 n2n2)tan Bo/[1 + (n3/nd) tan® B, (0) gnificantly Increases with f
range of [—1°, 1°], and increases with v, in a range of

From Egs. (38)-(40), we find that v; — 2 is a modu- ~ [—1°, 0°] and decreases in a range of (0°, 1°] slightly.
lation factor of d. So 1 has a more notable effect on A than ~; does.
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45

/() ST B/

Fig. 4. Optical path difference as a function of 1 and 51
when ¢ = 3°.

The effects of §; and 1 on d are displayed
in Fig. 5. Likewise, we can conclude that d de-
creases with (1 slightly but decreases with ~; obvi-
ously. Thereby, the effects of v; upon d are much
more prominent than those of ;.
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As shown in Figs. 6 and 7, the angles $2 and v
also have some effects on A and d. From Fig. 6, we
can find that A increases with 8o and 5. However,
the influence of 2 on A is much less. Based on the
analysis in Fig. 7, the useful conclusion that can be

drawn is that d quickly increases with v, increasing
but slowly decreases with (s increasing. Hence, most
of effect on d comes from ~s.
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Fig. 7. Lateral displacement as a function of 72 and [2
when ¢ = 3°.

4. Application example

We give an application example, in which the
matching tolerances of the optical axis direction angles
are determined by the tolerance of spectral resolution
of the SPIIS. The primary task is that the maximal
OPD (Apax) should be ascertained before the match-
ing tolerances are gained because the spectral resolu-
tion is dictated by 6o = (2Amax) " in the PIIS.[*C]
Then the key task is to acquire the relations between
Amax and i, B1, 71, B2, 72, in that A is a function of
them according to Eq. (35).

- simulated line
0.03 — fitted line 1

A = 0.012 — 0.0001

A/mm

0.01 1

e - R

i/(°)
Fig. 8. Optical path difference as a function of ¢ under
ideal condition (the solid line: fitted line, the dot line:
simulated line).

Figure 8 shows the curve of OPD fluctuating with
i under ideal condition. It can obtain the following
conclusions: (i) A increases with ¢ increasing; (ii)
the increase is approximately linear. Through mat-
lab curve fitting, we obtain a linear equation A =
0.012¢ — 0.0001 mm (¢ is in degree). So we can obtain
the maximum OPD A, when the incident angle 7 is

the maximum (i.e., imax = 3°).
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The OPD A that varies with ¢ and ~; is described
in Fig. 9 under non-ideal condition. As can be seen, A
increases with ¢ increasing when ~y; is a constant and
slightly varies with ~; increasing when ¢ is a constant.
The OPD A approaches to the maximum when the
incident angle is the maximum.

Fig. 9. Optical path difference as a function of ¢ and ;.

Figure 10 shows the variations of A with ¢ and
B1. We can study it via the two parts as follows: In
the first part, the range of 5y is [44°, 45°), the OPD
A increases with i increasing when f; is constant
and decreases with f; increasing when ¢ is constant.
Thereby, A also approaches to the maximum when the
incident angle is the maximum. In the second part,
the range of f; is [45°,46°]. From Figs. 10 and 11, we
can obtain the conclusions: 1) A firstly decreases with
7 increasing and then increases when (3; remains con-
stant; 2) A increases with 8 increasing when i = 0°
and decreases when i = 3°; 3) A approximately lin-
early varies with 81 when ¢ = 0° and i = 3°, and the
linear variation relations are A = 0.01838; — 0.8 mm
and A = —0.0185; + 0.84 mm (B; is in degree),
respectively. The two lines representing the simula-
tions each have an intersection when ; = 45°58'31";
4) when ¢ € (0°,3°), the variation of A with g; is

A/mm

45
B1/(°)

i/(°) 044

Fig. 10. Optical path difference as a function of 7 and (7.

complicated but there appears no peak value. Ac-
cording to the conclusions above, Ap.y = Aj—30 is
satisfied for 8; € [44°, 45°58'31"], and Apax = Ai—oe
holds for 3y € (45°58'31", 46°].

.. i= 00
0.03} e i =23° ]
A= —0.0188; +0.84 l
g 002} ;
g
~ - -
<
0.01} A =0.0188; — 0.8 .
0 . . . ‘
45.0 45.4 45.8
B1/(°)

Fig. 11. Comparison between optical path differences as
a function of 81 when ¢ = 0° (solid line), and 3° (dot line)
with intersection 81 = 45°58/31".

The conclusions drawn from Fig. 12 are as follows:
i) A increases with 4 increasing when ~s is constant;
ii) A increases with o2 increasing when 4 is constant;
i) Apax = Aj=30 is satisfied when v varies from 89°
to 91°.

A/mm

Fig. 12. Optical path difference as a function of ¢ and ~2.

Figure 13 and 14 show the variations of A with
1 and B2. What we can obtain from them are as fol-
lows: (I) when S5 is in a range of [44°,45°), A first
decreases with ¢ increasing and then increases; (II)
A varies linearly with g2 when ¢ = 0° and i = 3°.
The fitted linear equations are A = 0.01833 — 0.8 mm
and A = 0.0188; — 0.77 mm (B2 is in degree), re-
spectively, and the two fitted lines are parallel with

each other; (ITI) A increases with (2 increasing when
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B2 € (45°, 46°]; (IV) Apax = Ai—30 is satisfied when  the relative tolerances are +1%, +2%, +3%, +4%,
(B2 varies from 44° to 46°. +5% , respectively, then we will have the tolerances
of the optical axis direction angles via the conclusions
above. Then, a conclusion that can be obtained is
that the tolerances of +; and 7- are very wide and
they are useless for the practical application. There-

fore, their exact tolerance should be obtained through

A/mm

other parameters such as d. Listed in Table 1 are the
tolerances of 31 and (> for each relative tolerance of
spectral resolution. And it is found that the signs of

681 and 0, are opposite.

0.06
=0°
Fig. 13. Optical path difference as a function of ¢ and fa. s IZ — 30 R
According to this, we can obtain the maximal 0.04 ,,,..,..»w“"""‘ |
ideal ~ ~ sorett
OPD Amax ~ 0.034873 mm and the spectral reso § A = 00188, — 0.77 |
lution doidea! = 143.377 cm~! under ideal condition. 3
Using o = 1/),*% one can find that 0.02} ]
A =0.01882 — 0.80
S0 = 6A/A2, (41) : & -
where o is wave number. Substituting doide¥ = 25.0 ' 154 158
143.377 cm™! and A\ = 589.3 nm into Eq. (41), we B2/(°)

obtain dAi4¢al = 4.1286 nm. The tolerance of 6\ can
be represented by A —dA9°2! 5o the relative tolerance
of §) is [(6A — dAldeal) /gaideal] 5 100%. Assume that

Fig. 14. Comparison between the optical path differences
as a function of B2 when ¢ = 0° (solid line) and 3° (dot

line).

Table 1. Tolerances of 81 and Sa.

[(6X — sAidealy /gxideal) 5 100% SX — daideal ;pm 881 =B —45°/(") 882 = B2 — 45° /(")
+1% +0.0413 +6 -7
1% —0.0413 —6 +7
+2% +0.0825 +13 —14
—2% —0.0825 —~13 +14
+3% +0.1239 +20 —21
-3% —0.1239 —21 +21
+4% +0.1651 +27 —28
—4% —0.1651 —28 +28
+5% +0.2064 +34 —34
—5% —0.2064 —-35 +35

5. Discussion

In this section, we will give two formulae to explain part of the conclusions discussed above. Since the max-
imal incidence angle is 3°, we just reserve the constant terms and the terms in sin¢ through Taylor expansions,

the approximation expression of A can be written as
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A & |tnene|(n? sin? B + n? cos? 1) 7Y2 — (n? sin? By + n? cos? B2) /2]

L sin 31 cos (31 cos sin 35 cos (B cos
+tnismz(n(2)—nz)( breospreosm Bz 08 f €05 72 >’

n2sin? B +n2cos? By n2sin? By + n2 cos? By

= tnonc[(ng sin® B + ng cos? 51)*1/2 - (ng sin? By + nf cos? 52)*1/2]

+ tai(n? — ng < sinB1cosBicosyr  sinfacos facosye > ‘ (42)

n2sin® B +n2cos? B1 n2sin? By + n2 cos? By

Based on Eq. (42), we can obtain that: I) when ¢ = 0 (normal incidence), A = 0 is satisfied just under the
condition of 51 = f9; II) A varies linearly with ¢ approximately.

Rewriting 81 and B2 as 81 = w/4 4+ 651 and By = w/4 + 002, respectively, and using Taylor expansions,
equation (42) can be simplified into

B\
monc(2> ( e +n2) (661 — 662)

2

2

o

2
n2 + Zé (681 cosy1 — 6532 cos ’Yz)} ’ (43)

A~

+ tngt {cos'yl—cos'yg—Z

oON|O DN

2 _
n2 +mn,
From Eq. (43), we can find that A varies linearly with 8, or S2 when the tolerances of 5, and S are both less
than +1°. In Eqs. (42) and (43), the angles are all in radian.

\
6. Conclusions d than B; and Bs.

In the application example, the tolerances of 1

We described the principle of beam split of the and [, are achieved according to the relative spectral

resolution tolerance of the SPIIS. We can find that

when the relative spectral resolution tolerance is +1%,

Savart polariscope, and obtained the exact calculation
formula of the optical path of e-ray in a plane parallel

uniaxi.al plate wi’th an arbitrary optical axis di‘rection 551 and 68, are +6" and —7", respectively; However,
by a simple tracing method. Then the theoretical ex- . . )
. ] when the relative spectral resolution tolerance is —1%,
pressions of the OPD and LD of Savart polariscope . . . .

. , . 0f1 and 6, are —6” and +7", respectively. The signs
under non-ideal conditions are obtained exactly. By 5 46 o, H e to th
the same method, the special forms of the formulae ? bﬁhan lﬁ 2 are OI;pOSI 6;1 owe}\;er},l owmng (; ¢
obtained above are achieved when i = 0°. Further- act that tolerances of 7, and 73, which are gamned ac-

more, the effects of the optical axis directions on OPD cording to the relative spectral resolution tolerances,

and LD are simulated. Through analysing the for-  2' far bigger than those of f; and B, or those of pro-

mulae and simulations, the important conclusions are cessing technology, they should be obtained through

obtained as follows. the tolerances of the parameters such as d. In the

(i) At normal incidence, A, is a function of 3, and ~ Process of seeking the maximal OPD, we find that A

A is influenced only by £ and f. varies with ¢ under ideal condition and with 3; and

(ii) The A is determined only by the OPD be- 2 under non-ideal condition linearly, and it is ex-
tween e-ray and oe-ray because the optical paths of  Plained by the approximate expressions of A in Sec-

the o-ray and eo-ray are equal in Savart polariscope. tion 5. Thereby, a guiding theoretical foundation is
(iii) The angles 51 and B2 have more obvious ef- established by the present study for the optic design,
fects on A than ~; and s. crystal processing, installation and debugging, data

(iv) The angles 1 and 2 make greater effects on  analysis and spectral reconstruction of the SPIIS.
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