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 ABSTRACT:  The techniques for pre-specified modification of the imaging characteristics of an optical system received 

considerable attention since the early days of systematic investigation of optical imagery [1 -2].  It was found that the 

pupil function of any optical system plays an important role in this regard. The desired modification of the imaging 

characteristics is usually implemented by using a mask on the pupil of the optical system. Extensive studies have been 

carried out in this direction and the use of amplitude masks and phase masks have been reported [3-7]. Usually each 

mask is dedicated to a specific purpose and on-line modification of such masks is not possible.  At the same time, 

synthesis of the pupil function for yielding a specific imaging characteristic is indeed a formidable task and remains 

practically insolvable except for some limitingly terminal and simple cases.  

         

 It has been recognized that the polarization properties of light, if ingeniously used, offers additional flexibilities to the 

optical designers that are unachievable by scalar wave properties alone [8 -16]. The advantage of these polarization-

based optical systems is that their imaging properties can be continuously altered in situ. Polarization is used as a 

parametric variable to introduce a variation in the complex amplitude of the pupil. Obviously, two degrees of freedom 

due to two orthogonal states of variation are available to continually change the imaging properties of these systems by 

varying the relative contributions of the two orthogonal components. However, fabrication and accurate alignment of 

such masks are quite troublesome and a considerable loss of light due to absorption, scattering etc. takes place in the 

masking  element. Thus, a system, easily realizable, equally effective as well as free from the previously stated problems, 

had long been a requirement. Optical systems fabricated with birefringent materials have this potential and this 

motivated many researchers to investigate the behaviour of a birefringent lens made  of a uniaxial crystal [17-26]. A 

uniaxial birefringent lens sandwiched between two linear polarizers with its optic axis perpendicular to the lens axis 

behaves like an ordinary lens with a radially varying complex filter at its pupil plane [17 -18]. Since the filter is 

generated because of the interference phenomenon, the problem associated with the alignment is removed. The imaging 

characteristics of the said system can be altered continuously just by changing the orientation of the any of the two 

polarizers. This makes the proposed system more versatile.  

          The imaging characteristics of the proposed system under diffraction-limited condition were studied [17-21]. The 

same system may be adapted either for enhanced resolution or for apodization just  by rotating any polarizers included in 

the system. This system behaves as a double focus lens in general and by varying the birefringent lens parameters it is 

possible to change the separation between the two foci. The proposed system may be designed to obtain noticeably high 

depth-of-focus compared to an identical ordinary lens [19]. The imaging characteristics of the proposed system in 

presence of pre-specified on-axis and off-axis aberrations were studied [22-24]. It shows higher tolerance to the 

aberrations than an identical conventional lens. The effect of polychromatic visible light on the performance of the 

system was also investigated [25]. The study revealed that the focusing characteristics of the proposed system do not 

change appreciably under polychromatic illumination from that under strictly monochromatic illumination. The need for 

appropriate infrared imaging devices and components has been on the rise [27 -34]. The applications of proposed system 

under monochromatic or polychromatic beam illumination in the infrared region have not been                                     

explored till date.  We study the viability of the proposed system considering crystal quartz as the birefringent lens 

material in the infrared  region. In this connection it may be mentioned that the coefficient of absorption for the crystal 

quartz is less than 0.030 cm
-1

 in the region approximately from 190 nm to 2900 nm [35]. The infrared band is often 

subdivided into smaller sections though the divisions are different for d ifferent applications [36]. We consider the range 

of wavelengths for which infrared photography (700 nm to 900 nm)  and short-wave infrared (SWIR) defence applications 

(900 nm to 1700 nm) usually take place. The wavelength of around 1550 nm is used for mode rn fiber-optic 

communication [37]. Thus the proposed system may find applications in  multiple domains, such as SWIR defence and 

surveillance purposes, infrared photography, medicine, archaeology, modern fiber-optic communication systems and 

many other infrared imaging devices. The axial irradiance distribution function and the intensity point spread function 

are considered as the image assessment parameters. The results show that all the above properties of the said system are 

retained even under infrared illumination having large bandwidth. 
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I. INTRODUCTION 

 

The need for appropriate infrared imaging devices and components has been on the rise [1-8] because of the fact that 

infrared imaging is extensively used for military and civ ilian purposes. Military applicat ions include target acquisition, 

surveillance, night vision, homing and tracking. Non-military uses include environmental monitoring, industrial facility 

inspections, wireless communication and modern fiber-optic communication, spectroscopy, weather forecasting, infrared 

photography and medical applications, to ment ion but a few. In frared astronomy uses sensor-equipped telescopes for 

observation of objects obscured by interstellar dust. Infrared imaging cameras are utilized to detect heat loss in insula ted 

systems, observe changing blood flow in the skin, and overheating of electrical apparatus [9,10].   

Optical scientists have always been in search of techniques for better imagery in the infrared region that meet  

the requirements of the above-mentioned applications. It has been reported in the recent past that a unaxial birefringent 

lens sandwiched between two linear polarizers has better depth-of-focus as well as higher tolerance to various aberrations 

than an equivalent isotropic glass lens [11-22]. The optic axis of the birefringent crystal is perpendicular to the lens axis. 

When illuminated with a monochromat ic beam of light, such a system behaves like a conventional lens with a radially  

varying complex filter at its pupil plane [11-12]. Since the filter is generated because of the interference phenomenon, it 

is self-aligned, and no light loss occurs because of scattering and absorption in the masking element. The advantage of 

the proposed system is that the imaging characteristics of the said system can be continuously altered in situ just by 

rotating any of the two polarizers included in the system or during the fabrication of the lens. This makes the system 

more versatile and the same system may be adapted for different applications. The imaging characteristics of the 

proposed system  under diffract ion-limited condition with monochromatic input illumination were studied [11 -15]. The 

same system may be adapted either for enhanced resolution or for apodization just by rotating any polarizer place before 

and after the birefrigent lens. This system behaves as a double focus lens in general and by varying the birefringent lens 

parameters it is possible to change the separation between the two foci. The proposed system may be designed to obtain 

noticeably high depth-of-focus compared to an identical ordinary lens [13].  The imaging characteristics of the proposed 

system in presence of pre-specified on-axis and off-axis aberrations were studied [16-18]. It shows higher tolerance to the 

aberrations than an identical conventional lens. The effect of polychromatic visible light on the performance of the 

system was also investigated [19-22]. The study revealed that the imaging characteristics of the proposed system do not 

change appreciably under polychromatic illumination from that under strictly monochromat ic illumination.  

Here, we intend to study whether the proposed system retains some of the above-mentioned properties in the 

infrared region. Crystal quartz is selected as the birefringent lens material. It is to be noted that fused quartz has been 

used for several imaging systems as it can withstand enormous heating which conventional glass lenses are not able to. In 

this connection it may be mentioned that crystal quartz provides low b irefringence which is also re quired for such a 

system [19]. The coefficient of absorption for the crystal quartz is less than 0.030 cm
-1

 in the region approximately from 

190 nm to 2900 nm [22]. Thus, a single system may find applications in  multip le domains, such as short-wave infrared  

(SWIR) defence and surveillance purposes (900-1700 nm), infrared photography (700-900 nm), medicine, archaeology, 

modern fiber-optic communication systems and many other infrared imaging devices. We study the imaging behavour of 

the said system by means of the axial irradiance distribution function, the intensity point spread function (IPSF) and the 

optical transfer function (OTF). The results show                                                                                                                                     

that the same system maintains both apodization and enhanced resolution properties for two orthogonal positions of the 

second polarizer even when the spectral spread in the infrared reg ion is very large. The depth -of-focus is also found to be 

very large fo r large spectral spread. 

                                                                  

II. LITERATURE REVIEW 

 

2.1 Introduction 

 

In the previous chapter, the relative advantages of using a birefringent lens made of a uniaxial crystal over an equivalent 

glass lens and other polarization-based optical systems were discussed. The lens under consideration is sandwiched 

between two linear polarizers and the optic axis of the b irefringent crystal is perpendicular to the system axis. When su ch 

a system is illuminated with a monochromatic beam of light with a state of polarizat ion other than parallel or 

perpendicular to the optic axis of the lens, circular fringes are produced on the pupil plane of the system. Therefore, our 

proposed system behaves like a conventional lens with a radially varying complex mask generated on its pupil plane. The 

nature of this virtual mask can be modified to improve certain desirable qualities of the imaging system just by rotating 

any of the two polarizers included in the system or during the design and the fabrication of the birefringent lens. Such 

modification of the image quality is essential main ly to reduce aberrations, to increase the resolution and the depth -of-

focus or for image processing applications. Hence, a detailed analysis of the pupil function for the proposed system is 

worth-mentioning. This chapter aims at presenting the working principle o f the proposed system fo llowed by a rigorous 

mathematical calculation and discussion on the pupil function for the said system. 
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2.2 Working Principle of the Proposed System  

 

The construction of our proposed system has been shown in Fig. 2.1. The working principle o f the said system is based 

on the fact that two orthogonally polarized spherical wavefronts of different radii of curvatures are produced if a beam of 

light with a state of polarizat ion other than parallel or perpendicular to the optic axis of the lens (
01   or 90 ) 

illuminates the birefringent lens. In other words, the birefringent lens has two different foci, one for the ordinary rays and 

the other for the extraord inary rays and these two foci are longitudinally separated along the system axis. The two 

orthogonally polarized spherical wavefronts interfere after passing through the second polarizer (
 90or02  ). This 

interference causes the format ion of circular fringes like Newton‟s rings on the pupil plane of the said system. The 

orientation of the polarizers determines the relat ive contribution of the two orthogonal vibrations of light. Therefore, it  

may be concluded that the proposed system may be considered as an ordinary lens with a radially varying complex mask 

effectively formed on the aperture of the birefringent lens. The object is placed before the first polarizer and may be self-

luminous or may be illuminated by unpolarized light.  

 

 
The above figure depicts how the ordinary rays are focused at oF  and extraordinary rays at eF . Vector interference 

between the two orthogonally polarized beams having different radii of curvatures compels the resultant wave to 

converge at a different location. 

 

2.3  Mathematical  Formulation of  the  Pupil  Function 

 

The section is intended for thorough understanding of the nature of complex mask effectively formed at the pupil 

plane of the proposed system.  

Let a monochromat ic beam of light with plane wavefront having wavelength  and amplitude unity be incident 

normally (positive Z-d irection) on the first polarizer of the proposed system (Fig. 2.1). Since the crystal optic axis of the 

birefringent lens is along the Y-axis, the extraordinary wave vibrates along it while the ordinary one vibrates along the X-
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axis. The ordinary and the ext raordinary components  of light will be 1cos  and 1sin  respectively. It is well-known 

that a lens basically transforms the phase of the input beam. The amount of phase introduced by a spherical lens of 

central thickness   and focal length f  is given by  
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where 





2
k  is the propagation constant; n  is the refractive index of the lens material and R  is the radius vector of 

the pupil plane. The focal length of a lens having a difference of curvature C  between its two surfaces, may be 

expressed as  

 

  Cn
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                                                                                          (2.2) 

l.Let on  and en  be the ordinary and extraordinary refractive indices of the birefringent lens material respectively. 

Hence, the phase introduced in the ordinary beam by the birefringent lens is  oGiexp  and that introduced in the 

extraordinary beam is  eGiexp ; where 
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the corresponding focal lengths given by the relations: 
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Since the birefringent lens is followed by a second polarizer with its transmission axis making an angle 2  with the 

reference X-axis, the resultant phase transformation introduced by the system will be a vector addition of the components 

of the two orthogonally polarized spherical beams transmitted through it. In order to obtain an expression for it, we will 

employ the Jones‟ Calculus formalism of polarization phenomenon.            

          The Jones matrix P() for a polarizer with the transmission axis at an arbitrary direction   with respect to the X-

axis is given by 
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and that for a birefringent lens with optic axis perpendicular to the principal axis may be written as     
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Hence, the Jones matrix for the said system may be expressed as  
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The matrix part determines the state of polarization of the output beam and also the overall amplitude. The first factor 

represents the radial amplitude variation [  RA ]. Thus, 

     eo GiGiRA expsinsinexpcoscos 2121                       (2.3) 

Eq. (2.3) clearly indicates that the amplitude trans mittance of the system depends on the orientation of the transmission 

axes of the two polarizers and the nature of the lens, namely, lens material, shape, thickness etc. The dependence of the 
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complex amplitude function of the proposed system on 1  and 2  indicates the possibility of controlling it just by 

rotating either of the polarizers. On simplification,  

   eoeo GGiGGRA sinsinsinsincoscoscossinsincoscoscos 21212121                                                                                                                                

(2.4)                                                                                                                      

The amplitude of  RA  is expressed as 
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where eo nnn   is the birefringence of the lens material and       CnCnCn
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If we assume that the lens has zero thickness at the edge, the central thickness  is related to the lens aperture 0R and 

surface curvatures by the relation   
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Substituting this to Eq. (2.6), 
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Substituting the expression for eo GG   to Eq. (2.5), we have  
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The phase part of  RA  is given by 
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Thus, the effective pupil function of the proposed system may be expressed as 

     rAi
erArA


  

Hence, a birefringent lens sandwiched between two linear polarizers may be treated as a conventional lens with a 

complex spatial filter on the pupil plane. The nature of this virtual mask is a function of the birefringent lens parameters 

along with the orientations of the  

transmission axes of the two polarizers. So, the mask can be modified according to the users‟ requirement by rotating any 

of the two polarizers in real t ime. However it is also possible to modify the lens during fabrication.  

We have restricted our investigation to 
451   and 

452   which will ensure maximum radial 

variation of the effective pupil function. Since the transmission axis of the first polarizer is inclined at 
45 with respect 

to the positive X-direction, the ordinary and the extraordinary beams emerging from the birefringent lens will have equal 

amplitude. If the preferential direction of transmission of the second polarizer is either at 
45  or at 

45  with respect 

to the positive X-axis, then vector addition or subtraction between the two equal components of the two orthogonally 

polarized spherical beams of identical light amplitude results in circular fringe patterns of maximum contrast at the pupil 

plane; i.e. the in-phase and out-of-phase interference between the two components produces a high contrast amplitude 

variation at the pupil plane.  

Case-1: Parallel-Polarizers Configuration  

 

When 
4521  , the transmission axes of both the polarizers are parallel. Henceforth this will be referred to as 

„parallel-polarizers configuration‟ and will be denoted by „+‟ sign.  

For parallel-polarizers configuration Eq. (2.9) reduces to 
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and from Eq. (2.12), the corresponding phase part is obtained as 

   2rkrA  
. 

Therefore, for parallel-polarizers configuration, the pupil function of the proposed system becomes  

       22 exp1cos rkirkrA 
                                       (2.13) 

 

Case-2: Crossed-Polarizers Configuration 

 

When the transmission axes of the two polarizers are orthogonal, i.e., 
451  , 

452  , the case will be referred  

as „crossed-polarizers configuration‟. Th is will be denoted by „‟ sign. 

For this orientation of the transmission axes of the polarizers, Eq. (2.9) reduces to 
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Using these values  rA  [see  Eq. (2.12)] comes out to be 

   2

2
rkrA 


 

        

Hence, for crossed-polarizers configurat ion, the pupil function of the proposed system may be  

 

 

written as 

    
       2

2

222 1sin1sin rki
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erkierkrA 




            (2.14) 

When defocusing is introduced, the pupil function  rA  modifies to  r  according to the following relation : 

   

otherwise0

1for
2

20



 rerAr
rWki

                                                   (2.15)  

where 20W  is the defocus coefficient. Combining Eqs. (2.13), (2.14) and (2.15), the pupil function of the proposed 

system for parallel- and crossed-polarizers configurat ions under defocused condition may be expressed as 

      22
2021cos

sin
rrWki

erkir


                                       (2.16) 

The term 
2rkie 

 in Eq. (2.16) represents a spherical phase factor, which indicates a shift of focus for the said system 

equivalent to that introduced by a converging lens having focal length 

eo

eo

ff

ff



2
. This has no effect other than to shift 

the image plane. The condition 20W  determines the position of the Gaussian image plane for the proposed system 

and the new defect of focus  2020 WW  may be measured from this plane. The constant phase factor 
kie  does 

not affect the image intensity pattern formed in anyway.   21cos
sin rk   gives the effective nature of the virtual 

mask fo rmed on the pupil plane of the said system for parallel - and crossed-polarizers configurations. Hence, 

 2
2

2
cos

sin
rD  fringes ( D  being a constant that depends on the lens parameters) may be observed on the pupil of the 
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proposed system when  viewed from the output side. In this connection it  may be mentioned that   determines the 

number of interference rings formed on the lens aperture, while the orientation of the transmission axis of the second 

polarizer together with   determines the axial amplitude transmittance of the pupil. The parameter   may be termed as 

a design parameter as it is a function of the central thickness of the birefringent lens and the birefringence of the lens 

material. Obviously, each birefringent lens is associated with a specific value of   and any pre-specified value o f   

can be assigned during the fabrication of the lens.  

 

 

III. Point S pread Function (IPS F) and Axial Irradiance Distribution Function  Evaluation of Imaging 

Performance by Means of Intensity 

 

3.1 Mathematical Formulation 

 

When illuminated with a monochromatic beam of light, the IPSF of the proposed system under focused and defocused 

conditions with both parallel- and crossed-polarizers configurations may be given as 

2
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0
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 | 4  )IPSF(W                 (3.1) 

where k=2π/λ is the propagation constant, 20W  is the defocus coefficient, 
2


 n  and  
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n

n
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12
1  

are two design parameters of the birefringent lens, on and en  are the ordinary and extraordinary refractive indices 

respectively, 0nnn e   is the birefringence of the lens material, 
2

eo nn
n


  is the mean refractive index of the 

lens material and   is the central thickness of the lens. It may be mentioned in this connection that the parameter   

determines the number of interference rings formed on the aperture of the birefringent lens and   indicates a shift of the 

focus for the said system with respect to the Gaussian image plane for an ordinary lens of similar dimensions.
 
The IPSF 

(3.1) is symmetric about 20W = . 

In order to evaluate the imaging behaviour of the proposed system under infrared broadband illumination, we 

employ the above IPSF expression under strictly monochromatic illumination. The wavelength dependent parameters are 

then identified and the modified expression is integrated over the specified wavelength range of the given polychromatic 

light with due consideration of the nature of variation of the wavelength dependent parameters with . Now, 0n  and en  

vary with wavelength and so are n  and n . It makes both   and   wavelength dependent parameters. The nature of 

variation of these parameters with   is,  

however, a property of the crystal and is different for d ifferent crystals. 

Identifying the  -dependent terms, expression (3.1) may be rewritten as 
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      (3.3) 

For a polychromatic illumination having flat-top spectral profile with mean wavelength 0  and a spread of 2 , the 

above expression becomes 
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                   (3.4) 

The above integral may be evaluated numerically by using 96-point Legendre-Gauss quadrature technique of integration 

[23] provided the nature of variation of   and  with   is known. The variation of both δn and n  with   for quartz 

crystal in the infrared reg ion can be obtained using standard table [24].  

For a polychromatic illumination with flat-top spectral profile having mean wavelength 0  and a spread of 2 , the 

axial irradiance distribution function for the proposed system (under diffraction-limited condition) with parallel and 

crossed-polarizers configurations is given by [13,19] 
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      (3.5) 

The integral may again be calculated numerically by using 96-point Legendre-Gauss quadrature technique of integration 

[23]. 

3.2 Results and Discussions 

 

It was reported [11-22] that for  375.0 , the birefringent lens offers enhanced resolution under parallel-polarizers 

configuration while with crossed-polarizers configurat ion the same system acts as an apodizer under monochromatic 

illumination. We consider 00 25.0   for fu rther study. Figs. 3.1 and 3.2 show the variat ion of the IPSF for the said 

system at the Gaussian image plane under parallel- and crossed-polarizers configurations respectively at an operating 

wavelength ( 0 ) of 1300 nm with spectral spreads ( 2 ) of  0 nm, 200 nm, 400 nm and 800 nm. The IPSF for an 

ideal lens at the Gaussian image plane for monochromat ic illumination has also been drawn for comparison.  

 It is revealed from the figures that a polychromatic input illumination does not affect considerably the inherent 

characteristics of enhanced resolution of such low-power birefringent lens (small  ) under parallel-polarizers 

configuration even when the spectral spread is 800 nm. The same system retains the property of apodization under the 

crossed-polarizers configuration when the spread is as high as 400 nm. 
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Fig. 3.1: The IPSF of a quartz crystal lens with 025.0  at the Gaussian image plane under parallel-polarizers 

configuration. Ideal lens: solid line, birefringent lens: dotted/dashed line 
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Fig. 3.2: Same as Fig. 3.1 except that the proposed system is under crossed-polarizers configuration 

 

 

 

It was also reported that for  625.0375.0  with crossed-polarizers configuration, the system gives 

enhanced resolution for monochromatic input illumination. Fig. 3.3 shows the influence of polychromat ic illumination on 

the IPSF curve for 00 6044.0   with crossed-polarizers configuration. In this connection it is to be mentioned 

that the said system offers the maximum depth-of-focus under diffraction-limited condition for  6044.0 with 

crossed-polarizers configuration for monochromatic input illumination [13]. Now, an appreciab le change in the IPSF 

curve takes place; in fact, the said system loses its characteristic of enhanced resolution at such a high value of   as 

depicted in Fig. 3.3. With further increase of  , the proposed system starts behaving as a double focus lens. Figs. 3.4 and 
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3.5 show the IPSF curve for 
00 

under crossed-polarizers configuration at a mean wavelength of 1300 nm and 

spectral spreads 100 nm and 250 nm respectively. The said system retains its bifocal nature when the spread is 100 nm. 

However, the birefringent lens loses this property at higher spectral spreads (Fig. 3.5) due to incoherent superposition of 

resultant monochromatic vectors and unequal phase retardation suffered by different wavelengths constituting the 

polychromatic beam along the system axis.                                                                                                                               
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Fig. 3.3: Same as Fig. 3.1 except that the said system is under crossed-polarizers configuration and 06044.0   
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Fig. 3.4: Variat ion of IPSF with defocus for 0 under crossed-polarizers configuration when illuminated with a 

polychromatic beam of mean wavelength 1300 nm and spectral spread 100 nm 
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Fig. 3.5: Same as Fig. 3.4 except that the spectral spread is 250 nm 
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Fig. 3.6: The axial irradiance d istribution for a crystal quartz lens with 03142.0  under parallel-polarizers 

configuration 

The proposed system offers the maximum depth of focus under diffraction-limited condition for  3142.0 with 

parallel-polarizers configuration for monochromatic input illumination [13]. This motivated us to study the focusing 

characteristics of the system under infrared broadband illumination for this specific value of  . The axial irrad iance 

distribution is computed for the proposed system under parallel-polarizers configuration at 1300 nm operating 

wavelength with spectral spreads of 0 nm, 100 nm, 200 nm, 300 nm and 400 nm (Fig. 3.6). It has been found that the 

allowable spectral bandwidth is approximately 100 nm at 1300 nm. The variation of the refract ive indices as well as the 
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birefringence with wavelength in this region is less and almost linear for crystal quartz. Thus the asymmetry of the axial 

irradiance distribution becomes less even when the spectral spread is 100 nm.  

The results for our proposed system shown so far are fo r the mean wavelength of 1300 nm. However, the system 

retains the same property throughout the wavelength range from 700 nm to 1700 nm. 

                                                                                                                        

 

IV. Evaluation of Imaging Performance by Means of Optical Transfer Function (OTF)  

 

4.1 Mathematical Formulation 

 

The normalized frequency response function for our proposed system with both parallel - and crossed-polarizers 

configurations under defocused condition for monochromatic input illumination [14,18] is given by  
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where  /2k  is the propagation constant,  2020 WW  
 
is the effective defocus and 20W  is the defocus 

coefficient.
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normalizing factor of the OTF for the proposed system and  
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sin
sinc . The parameter   determines the 

number of interference rings formed on the aperture of the birefringent lens and   indicates a shift of the focus for the 

said system with respect to the Gaussian image plane for an ordinary lens of similar dimensions. The OTF for the 

proposed system at the Gaussian image plane can be obtained by substituting 02020 WW in Eq. (4.1).  

In order to obtain a mathematical expression for the polychromatic OTF of our proposed system, the 

wavelength-dependent parameters of the above expression are identified. Then the expression is int egrated over the 

specified wavelength range of the given polychromatic light considering the nature of the variation of the wavelength 

dependent parameters with λ. Thus, the polychromatic OTF of the said system for polychromat ic illumination with flat -

top spectral profile under both parallel-polarizers and crossed-polarizers configurations comes out as 
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xb . The above expression is solved numerically using  

the elegant and powerful 96-point Legendre-Gauss quadrature technique of integration [23]. The variation of on and en  

and hence,   and  with   in the IR region may be obtained from Ref. 24.  

 

4.2   Results and Discussions 

 

It was reported that for  375.0 , the birefringent lens offers enhanced resolution under parallel-polarizers 

configuration while with crossed-polarizers configuration the spread of the point spread function is more than normal 

indicating a lesser resolution under monochromatic illumination. We consider 11 25.0  for further investigation 

and concentrate ourselves in the wavelength range from 900 nm to 1700 nm which includes SWIR defence applications. 

The variation of the polychromatic OTF with spatial frequency at the Gaussian image plane for the said system under 

both parallel- and crossed-polarizers configurations is depicted in Figs. 4.1 and 4.2 respectively considering 1 =900 nm 

with spectral spreads ( 12  ) equal to 0 nm, 600 nm and 800 nm. As evident from Fig. 4.1, the birefringent 

lens provides enhanced resolution for spectral spread up to 600 nm approximately in the in frared region. However, the 

system fails to maintain this property when the bandwidth is very large (say 800 nm). The same system retains its 

apodization property for crossed-polarizers configuration under broadband infrared illumination with a very large 

spectral spread (see Fig. 4.2). Thus, the proposed system may be adapted for either enhanced resolution or apodization 

just by rotating any of the polarizers even under the infrared illumination with large bandwidth. 
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Fig. 4.1: Polychromat ic OTF curves for a quartz lens with 11 25.0  at the Gaussian image plane under parallel-

polarizers configuration when  nm9001   
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Fig. 4.2: Polychromat ic OTF curves for a quartz lens with 11 25.0  at the Gaussian image plane under crossed-

polarizers configuration when nm9001   

 

V. CONCLUS IONS AND FUTURE S COPE 

 

We intend to study the imaging characteristics of an appropriate infrared imaging device which exh ib its apodization, 

enhanced resolution and large depth-of-focus. The system should also show high tolerance to various on-axis and off-

axis aberrations. These properties are essential for infrared imaging systems to be used for different military and non-

military applications.  

 We consider an imaging system consisting of a unaxial birefringent lens sandwiched between two linear 

polarizers.  The optic axis of the birefringent crystal is perpendicular to the lens axis. Quartz crystal is chosen as the 
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birefrengent lens material. When illuminated with a monochromatic beam of light, such a system behaves like a 

conventional lens with a radially varying complex filter at its pupil plane. Since t he filter is generated because of the 

interference phenomenon, it is self-aligned, and no light loss occurs because of scattering and absorption in the masking 

element. The advantage of the proposed system is that the imaging characteristics of the said system can be continuously 

altered in situ just by rotating any of the two polarizers included in the system or during the fabrication of the lens. This 

makes the system more versatile and the same system may be adapted for different applications. The imagin g 

characteristics of the said system are studied by means of the intensity point spread function and optical transfer function 

under both monochromatic and polychromatic input illumination. The study reveals that the system maintains both 

apodization and enhanced resolution properties for two orthogonal positions of the second polarizer under both 

monochromat ic and polychromatic illumination. The focusing characteristics are studied in terms of axial irrad iance 

distribution function. The results show that the proposed system also exhib its noticeably large-depth-focus for both 

monochromat ic and polychromat ic illumination.  
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