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The static large field of the view polarization interference imaging spectrometer is based on the modified Savart

polariscope. There appears a dispersion between the ordinary ray and extraordinary ray when light passes through

the modified Savart polariscope. The dispersion greatly influences the intensities and the results of the interferogram

and target image in the static large field of the view polarization interference imaging spectrometer. At the same

time, the incident angle determines the dispersion. When the light goes through the modified Savart polariscope, the

dispersion occurs in the left plate, the half-wave plate and the right plate of the modified Savart polariscope. Using the

extension of Snell’s law, the dispersion in the crystal is theoretically calculated and numerically simulated separately.

The relationship curve between incident angle and the dispersion is obtained by simulation.
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1. Introduction

In the 1990s, polarization interference imaging

spectroscopy emerged. In 2000 the static large field of

the view polarization interference imaging spectrom-

eter (SLPIIS) was presented by Zhang et al.[1−6] The

primary feature of SLPIIS is the large angle of inci-

dence. The target image can be obtained in a spatial

domain and the interferogram can be recorded by a

two-dimensional CCD camera at the same time. The

SLPIIS is widely used in the fields of space and tempo-

ral information survey, communication, and metrolo-

gies.

The key component in the SLPIIS is a modified

Savart polariscope which is made up of crystal. When

the light goes through the modified Savart polariscope,

it obeys the extension of Snell’s law. At the same time,

there appears a dispersion between the ordinary ray

(o-ray) and extraordinary ray (e-ray). The dispersion

greatly influences the intensities and the results of the

interferogram and target image. The study on dis-

persion of modified Savart polariscope has not been

reported by now.

In the present paper, the dispersions occurring in

the left plate, the half-wave plate and the right plate

of the modified Savart polariscope are theoretically

calculated and numerically simulated separately. Us-

ing the extension of Snell’s law, the dispersion in the

crystal is also theoretically calculated and numerically

simulated separately. The relationship curve between

incident angle and dispersion is obtained by simula-

tion.

2. Static large field of view po-

larization interference imaging

spectrometer

Figure 1 shows an optical layout of the developed

SLPIIS. An object located at an infinite distance is

imaged on the back focal plane of lens L0 and the

front focal plane of lens L1. This image is the image

of detected target of the system. The CCD camera is

located on the back focal plane of lens L2. The po-

larizer P1, the modified Savart polariscope, and the
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analyzer P2 are placed between lens L1 and lens L2

The fore-optical system (lenses L0 and L1) collimates

the input rays and then the rays are polarized by a

linear polarizer P1 and consequently split into two po-

larized components by a modified Savart polariscope.

The modified Savart polariscope shears the two com-

ponents laterally. The analyzer P2 is used to ensure

that the two components have the same vibrating di-

rections, and lens L2 converges these two components

into its focal plane. The interferogram and the target

image in the spatial domain are recorded by an area

array detector.

Fig. 1. Optical layout of SLPIIS based on a modified

Savart polariscope.

The key component in the SLPIIS is a modified

Savart polariscope, which is shown in Fig. 2. It is

made up of two identical plates cut at 45◦ with respect

to the optical axes and with their principle sections be-

ing parallel; the two optical axes are perpendicular to

each other. A half-wave plate is inserted between the

left plate and the right plate of the polariscope.

In the first plate the incident ray is divided into

two rays o-ray and e-ray. Because the half-wave plate

causes a 90◦ rotation of the linear polarization states

for each of the incident rays, o-ray in the first plate

becomes e-ray in the second plate, and vice versa.[7]

Fig. 2. Modified Savart polariscope.

3. Relationship between incident

angle and dispersion in SLPIIS

A light strikes on the modified Savart polariscope

at incident angle θ1. The incident plane is x−z plane,

where the z axis is in the crystal surface normal direc-

tion. The angle between optical axis and z-axis is θp;

φp is the angle between the projection of optical axis

in the x − y plane (crystal surface) and x-axis (that

is the angle between the principal section crossed and

the incident plane). Let the i, j and k are the unit

vectors of x, y and z directions respectively, the opti-

cal axis direction can be expressed as[8,9]

ep = sin θp cosφpi+ sin θp sinφpj + cos θpk. (1)

3.1.Relationship between incident angle

and dispersion in the left plate of

modified Savart polariscope

The optical axis direction of left plate in modified

Savart polariscope is

ep =

√
2

2
i+

√
2

2
k. (2)

From expressions (1) and (2), a formula is ob-

tained as follows:

sin θp cosφpi+ sin θp sinφpj +cos θpk =

√
2

2
i+

√
2

2
k.

(3)

So, the values of θp and φp are obtained as follows:{
θp =

π

4
,

φp = 0.
(4)

The o-ray obeys the Snell law, and it propagates as in

an isotropic material. The angle of refraction is

θo = arcsin(n1 sin θ1/no), (5)

where no is the refractive index of the crystal, n1 is

the refractive index of the air.

3.1.1. Calculation relationship between inci-

dent angle and dispersion

3.1.1.1. Direction of e-wave vector

The θk is the angle between e-wave vector and

normal of crystal surface, the e-wave vector is in the

incident plane. The direction of e-wave vector is

ek = sin θki+ cos θkk. (6)

For the e-ray, the refractive index in the modified

Savart polariscope is expressed as

n2 =
none√

n2
o sin

2 θkp + n2
e cos

2 θkp

, (7)
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where ne is the refractive index of the crystal, and θkp
is the angle between the wave vector and the optical

axis, θkp is expressed as[8−15]

cos θkp = ek · ep =

√
2

2
(sin θk + cos θk) . (8)

The extension of Snell’s law is

n1 sin θ1 =
none√

n2
o sin

2 θkp + n2
e cos

2 θkp

sin θk, (9)

where θk is the angle between the e-wave vector and

the normal of the crystal surface. Using the relation

1/ cos2 θk = 1+ tan2 θk, expression (9) is rewritten as[
1

2
(n1 sin θ1)

2 (
n2
e + n2

o

)
− n2

on
2
e

]
tan2 θk

+ (n1 sin θ1)
2 (

n2
e − n2

o

)
tan θk

+
1

2
(n1 sin θ1)

2 (
n2
e + n2

o

)
= 0. (10)

Let

A1 = n1 sin θ1, (11)

A = n2
on

2
e −

1

2
A2

1

(
n2
e + n2

o

)
, (12)

B = A2
1

(
n2
e − n2

o

)
, (13)

C =
1

2
A2

1

(
n2
e + n2

o

)
. (14)

Then expression (9) is rewritten as

−A tan2 θk +B tan θk + C = 0. (15)

The solution of Eq. (15) is

tan θk =
1

2A

(
B +

√
B2 + 4AC

)
. (16)

3.1.1.2. Direction of e-ray

The angle between the e-ray and the optical axis,

and θrp satisfies the following relationship:

tan θrp =
(
n2
o/n

2
e

)
tan θkp. (17)

The direction of e-ray is

er = αek + βep, (18)

where

er · ep = cos θrp, (19)

and

er · er = 1. (20)

Using expressions (8), (18)–(20), the following equa-

tion is obtained:{
α2 + 2αβ cos θkp + β2 = 1,

α cos θkp + β = cos θrp.
(21)

The solution of Eq. (21) is


α =

n2
o

n2
e

1√
cos2 θkp + (n4

o/n
4
e) sin

2 θkp

,

β =

(
1− n2

o

n2
e

)
cos θkp√

cos2 θkp + (n4
o/n

4
e) sin

2 θkp

.

(22)

The direction of e-ray is

er =

(
α sin θk +

√
2

2
β

)
i+

(
α cos θk +

√
2

2
β

)
k.

(23)

3.1.1.3. The dispersion of e-ray and o-ray

The thickness of the left plate is t, the coordinate

of output o-ray is 
xo = t tan θo,

yo = 0,

zo = t.

(24)

Let r be the distance between incident point and exit

point, then the coordinate of output e-ray will be


xe = r

(
α sin θk +

√
2

2
β

)
,

ye = 0,

ze = r

(
α cos θk +

√
2

2
β

)
.

(25)

From ze = t, the r is equal to

r =
t

α cos θk +

√
2

2
β

. (26)

The dispersion is

x = xe − xo =

t

(
α sin θk +

√
2

2
β

)

α cos θk +

√
2

2
β

− t tan θo. (27)

3.1.2. Simulation relationship between incident

angle and dispersion

For n1 = 1.00000, no = 1.65835, ne = 1.48640,

and t = 6 mm, the dispersion curve is shown in Fig. 3.

From the figure, the dispersion becomes bigger with

the incident angle increasing from 0 to 1.6 rad. In

SLPIIS, the dispersion determines the image quality.
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Increasing incident angle is one of methods to improve

the SLPIIS.

Fig. 3. Relation curve between incident angle and disper-

sion in the left plate.

3.2.Relationship between incident an-

gle and dispersion in the half-wave

plate of modified Savart polariscope

The optical axis direction of the half-wave plate

in the modified Savart polariscope is

ep =

√
2

2
i+

√
2

2
j. (28)

From expressions (1) and (28), the values of θp and

φp are {
θp =

π

2
,

ϕp =
π

4
.

(29)

The o-ray obeys the Snell law, and it propagates as in

an isotropic material. The angle of refraction is

θo = arcsin(n1 sin θ1/no), (30)

where n1 is the refractive index of the adherent.

3.2.1. Calculation relationship between inci-

dent angle and dispersion

In the same way as that in the left plate in the

modified Savart polariscope, we can obtain the direc-

tion of e-wave vector

ek = sin θki+ cos θkk, (31)

where θk satisfies the following relationship:

θk = arctan

(
1

2n2
on

2
e − n2

1 (n
2
e + n2

o) sin
2 θ1

)
. (32)

The direction of e-ray is

er =

(
α sin θk +

√
2

2
β

)
i+

√
2

2
βj + α cos θkk. (33)

The thickness of the half-wave plate is t′, and the co-

ordinate of output o-ray is
xo = t′ tan θo,

yo = 0,

zo = t′.

(34)

The coordinate of output e-ray is
xe = r

(
α sin θk +

√
2

2
β

)
,

ye =

√
2

2
rβ,

ze = rα cos θk.

(35)

The dispersion is
x =

t′

(
α sin θk +

√
2

2
β

)
α cos θk

− t′ tan θo,

y =

√
2

2
βt′

α cos θk
.

(36)

3.2.2. Simulation relationship between incident

angle and dispersion

Letting the half-wave plate be of quartz crys-

tal, n1 = 1.53000, n′
o = 1.54424, n′

e = 1.55335,

t′ = 1.973 mm, the dispersion curve is shown in Fig. 4.

From the figure, the absolute values of dispersion in

the x direction and the dispersion in the y direction

become bigger with incident angle increasing from 0

to 2 rad. Increasing incident angle is one of methods

to improve the SLPIIS.

Fig. 4. Relation curve between incident angle and disper-

sion in the half-wave plate.
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3.3.Relationship between incident angle

and dispersion in the right plate of

modified Savart polariscope

The optical axis direction of the right plate in

modified Savart polariscope is

ep =

√
2

2
i−

√
2

2
k. (37)

The values of θp and φp are{
θp =

3π

4
,

ϕp = 0.
(38)

The angle of refraction is

θo = arcsin(n1 sin θ1/no), (39)

where n1 is the refractive index of the adherent.

3.3.1. Calculation relationship between inci-

dent angle and dispersion

The direction of e-wave vector is

ek = sin θki+ cos θkk. (40)

Let

A1 = n1 sin θ1, (41)

A = n2
on

2
e −

1

2
A2

1

(
n2
e + n2

o

)
, (42)

B = A2
1

(
n2
o − n2

e

)
, (43)

C =
1

2
A2

1

(
n2
e + n2

o

)
, (44)

where θk satisfies the following relationship:

tan θk =
1

2A

(
B +

√
B2 + 4AC

)
. (45)

The direction of e-ray is

er =

(
α sin θk −

√
2

2
β

)
i+

(
α cos θk −

√
2

2
β

)
k.

(46)

Let the thickness of the right plate be t, then the co-

ordinate of output o-ray will be
xo = t tan θo,

yo = 0,

zo = t.

(47)

The coordinate of output e-ray is
xe = r

(
α sin θk −

√
2

2
β

)
,

ye = 0,

ze = r

(
α cos θk −

√
2

2
β

)
.

(48)

The dispersion is

x =

t

(
α sin θk −

√
2

2
β

)

α cos θk −
√
2

2
β

− t tan θo. (49)

3.3.2. Simulation relationship between incident

angle and dispersion

For n1 = 1.53000, no = 1.65835, ne = 1.48640,

and t = 6 mm, the dispersion curve is shown in Fig. 5.

From the figure, the dispersion becomes bigger with

the incident angle increasing from 0 to 1.6 rad.

Fig. 5. Relation between incident angle and dispersion in

the right plate.

4. Conclusions

Based on the extension of Snell’s law, the disper-

sions of e-ray and o-ray in the modified Savart polar-

iscope are obtained by calculation and simulation. In

the left plate of the modified Savart polariscope, the

dispersion occurs only in the x direction. The disper-

sion increases with the incident angle increasing. The

dispersion occurs in the x and the y directions in the

right plate of the Savart polariscope. In the x direc-

tion, the dispersion increases in a positive direction

with the incident angle increasing. In the y direction,

the dispersion augments in a negative direction with

the incident angle increasing. These results may pro-

vide a way to improve image quality by increasing the

incident angle, thereby improving the performance of

SLPIIS.
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