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A new scheme for making a simple, compact and cost-effective two-beam optical interferometer using a 

commercially available diffraction grating and a single plate holographic optical element is described. The procedure for the 

generation of holographic optical element using a diffraction grating and the related techniques to realize the proposed 

interferometer along with typical experimental results has been presented. The proposed interferometer is simple, works 

well with a single collimated beam, and is quite suitable for performing optical test studies on phase (transparent) objects in 

real-time. 
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Introduction 

The conventional optical interferometers
1
 

generally use expensive and precise custom-made 

bulky optics and also involve rather tedious and time-

consuming alignment procedures, which make them 

impractical in certain applications. Several attractive 

features (lightweight, compact, ease of fabrication, 

containing multiple optical functions in a single 

element etc) of holographic optical elements (HOEs) 

provide advantage in the construction of compact 

optical systems. The replacement of conventional 

optics with HOEs can drastically reduce the 

bulkiness, high cost factors and provide improved 

functionality of the optical systems. HOEs are 

increasingly used in different types of optical 

interferometers
2-6

, several kinds of optical test studies 

in precision-measurement related fields
7
 and in other 

specialised applications
8-12

. Methods have been 

proposed for making holographic optics based 

interferometers, which are suitable for performing 

studies of phase objects
13-16

. Though these methods 

are excellent in the formation of compact and robust 

interferometers based on holographic optics but are 

inherently complex as they exploit the use of multiple 

HOEs. The generation of multiple and compatible 

HOEs employs a large number of precision optical 

components and their related alignment procedures. 

Further, sometimes the repositioning of generated 

multiple HOEs for realisation of the holographic 

optics based interferometer is quite critical, complex 

and time-consuming. This paper describes a simple 

and cost-effective method for realisation of an optical 

interferometer based on a diffraction grating and a 

single plate holographic optical element, which is 

shown to be quite suitable for performing optical test 

studies of phase (transparent) objects in real time. 

Methods and Experimental Procedure 

The method, for realisation of an optical 

interferometer using a diffraction grating and 

holographic optics, involves formation of two 

spatially separated holographic optical elements on 

the same recording plate using any commercially 

available diffraction grating (G). The G, upon 

illumination with a collimated input beam (O), 

generates several diffracted-order beams, of which, 

only +1
st
 and –1

st
 (labeled as object beams O1 and 

O-1), are used in conjunction with a common 

collimated beam (labeled as reference beam R) for the 

formation of two spatially separated holographic 

optical elements on the same recording plate H 

(Fig. 1). The other diffracted-order beams from G are 

blocked using a stopper (ST). These two permanently 
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recorded holographic optical elements, formed by a 

common reference beam, provide two inbuilt
17

 

collimated beams for the subsequent realisation of the 

proposed interferometer. After processing, the H is 

rotated by 180
о
 along its vertical axis and repositioned 

at the same location at which it was recorded. The G 

is now positioned on the other side of H at the same 

distance kept earlier for the formation of holographic 

optical elements. The H and G, when placed in this 

configuration and illuminated with a single reference 

beam R, serves as a versatile two-beam optical 

interferometer (Fig. 2). The processed H (placed in 

the above orientation), upon illumination with the 

original reference beam R (which now acts as 

conjugate of the reference beam i.e. R
*
), provides two 

illuminating beams O1
*
 and O-1

*
 for G. O1

*
 and O-1

*
 

are used in such a manner that the +1
st
 diffracted-

order (due to beam O1
*
) O1

*
1 generated from G and the 

direct (zero-order) beam O-1
*
 overlap each other and 

travel in the same direction. Likewise, -1
st
 diffracted 

order of beam O-1
*
 i.e. O-1

*
-1 generated from G and the 

direct (zero-order) beam O1
* 

overlap each other and 

travel in the same direction. These two spatially 

separated and superimposed beams, O1
*
1 with O-1

* 
and 

O-1
*

-1 with O1
*
, result in two-finite fringe 

interferograms, which with a little more careful 

alignment procedure would yield in two infinite-

fringe interferograms at two separate locations in the 

observation plane (OP). The entire path of any one of 

O1
*

 and O-1
*
 generated between H and G can be used 

as a test arm, while the other available beam would 

act as a reference beam. In this setting, optical test 

studies on phase (transparent) objects can be 

performed in real-time. 

In practice, a collimated beam O incident 

normally on G generates several diffracted-order 

beams from G. The complex amplitude distribution of 

the ± m
th
 order diffracted wavefronts from G can be 

considered as Om and O-m respectively. These ± m
th
 

diffracted-order beams are used in conjunction with a 

collimated beam to form spatially separated 

holographic optical elements on recording plate H. 

The amplitude transmittance of processed H is given 

by
18

 

t ~ [|Om+R|
2
 + |O-m+R|

2
]                …(1) 

After processing, the H is rotated by 180
о
 along 

its vertical axes and repositioned at the same location 

at which it was recorded. The processed H (kept in 

the above orientation) is again illuminated with the 

original reference beam R, which now acts as 

conjugate of the reference beam, i.e. R
*
 and serves as 

the read-out beam for H. The complex amplitude of 

the transmitted field from H is 

U = R
*
. t 

~R
*
|Om|

2  
+ R

* 
|R|

2
 + Om

* 
|R|

2
 + Om 

 
R

*2
 + R

*
|O-m|

2
 + 

R
* 
|R|

2
 + O-m

*
|R|

2
 + O-m

 
R

*2
              …(2)

 

Considering |R|
2
 to be constant across the H, as a 

plane beam R
*
 is used for the illumination of H. Thus 

only 3
rd

 and 7
th
 terms on the right hand side of 

equation (2) represent two diffracted-order of beams 

Om
*
 and O-m

* 

i.e. |R|
2
 Om

*
 + |R|

2
 O-m

*
 

             = Constant. Om
* 
+ Constant. O-m

*
            …(3) 

The same G is subsequently positioned on the 

other side of H at the same distance at which it was 

kept earlier for the formation of holographic optical 

 
Fig. 1  Recording scheme for generation of holographic 

optical elements for forming the interferometer by 

using a single diffraction grating 

 
Fig. 2  Schematic diagram of an optical interferometer based 

on a grating and holographic optics 
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elements on H. The Om
* 
and O-m

*
 (Eq. 3) now serve as 

illuminating beams for G, where G again acts as a 

beam splitter and generates several diffracted order 

beams. The complex amplitude distribution of +n
th
 

order diffracted wavefront from G generated due to 

Om
* 

illuminating beam can be considered as Om
*

n. 

Similarly, the complex amplitude distribution of -n
th
 

order diffracted wavefront from G generated due to 

O-m
*

 illuminating beam can be considered as O-m
*

-n. 

In this method, only +1
st
 and –1

st
 diffracted-order 

beams were used for realisation of the proposed 

interferometer and thus can consider m = n = 1. The H 

and G (placed in this configuration), upon 

illumination with the original single reference beam 

R, serves as a simple and compact two-beam optical 

interferometer. The ± 1
st
 order diffracted beams (O1

* 

and O-1
*
) generated from H are used for the 

illumination of G in such a manner that the +1
st
 

diffracted-order of beam O1
*
 i.e. O1

*
1, generated from 

G due to illuminating beam O1
*
 and the direct (zero-

order) beam O-1
*
 overlap each other and travel in the 

same direction. Similarly, the –1
st
 diffracted order of 

beam O-1
*
 (O-1

*
-1) generated from G due to 

illuminating beam O-1
*
 and the zero-order of 

illuminating beam O1
*
 overlap each other and travel 

in the same direction. These beams provide two 

different overlapped interfering beams at two separate 

locations in the observation plane OP. With this set-

up, a typical finite-fringe interferogram (Fig. 3) was 

obtained in the observation plane. A simple alignment 

procedure applied in repositioning of the processed H 

and G results in an infinite-fringe interferogram 

(Fig. 4). In this configuration, portion of any one of 

the two collimated beams (O1
*
 and O-1

*
), generated 

between H and G, can be used as a test arm for 

performing optical test studies on phase (transparent) 

objects. Typically, if a phase object S = exp [jf] is 

introduced in one of the test arms, say O-1
*
, then the 

intensity distribution of the interference pattern in the 

observation plane is 

Ir = |O-1
*
S + O1

*
1|

2 

   = |O-1|
2
 + |O1

*
1|

2
 + 2|O-1| |O1

*
1| [(e

jf
 + e

-jf
)/2] 

   = |O-1|
2
 + |O1

*
1|

2
 +2|O-1| |O1

*
1| cos f 

   = A + B cos f                …(4) 

where A and B are constants. It is thus obvious that in 

this interferometer, the intensity distribution of the 

interference pattern recorded in the observation plane 

depends only on the phase variation introduced by 

the phase object (S) into the test arm O-1
*
 between 

H and G. 

In present experiment, a 5mW He-Ne laser 

system was used for the formation of two spatially 

separated holographic optical elements on a single 

recording plate by using a commercially available 

diffraction grating. The required collimated input 

beam for the illumination of G and the collimated 

reference beam for the formation of two spatially 

separated holographic optical elements on H were 

generated by using a 30 mm-diam and 100 mm-diam 

collimating lenses respectively. The shear plate 

interferometric technique
1
 was applied to ensure the 

optical quality of the collimated beams, which were to 

form the holographic optical elements on H. Standard 

Kodak D-19 developer and R-9 bleach bath solutions 

are used for Agfa-Gevaert 8E75HD plates to generate 

high efficiency and low noise grating holograms on 

H. To realize this interferometer, the processed H is to 

be rotated by 180
о
 along its vertical axis and 

repositioned at the same location at which it was 

formed. However, since in recording scheme the 

 
Fig. 3  Photograph of a finite-fringe interferogram 

 

 

Fig. 4  Photograph of an infinite-fringe interferogram 
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respective interfering beams used for the formation of 

holographic optical elements have permanently been 

frozen on a single plate (H), the repositioning 

becomes simpler. It was achieved by merely 

mounting H and G on holders having the capability of 

providing tilt motion to H and G in horizontal and 

vertical directions. By using a simple alignment 

procedure, an infinite-fringe interferogram is easily 

obtained in the observation plane. Optical test studies 

on phase objects were performed by inserting it in 

either of the test arms [O1
*
 or O-1

*
] between H and G. 

Typical interference patterns (Fig. 5) were obtained 

due to an active and hot mercury lamp. The optical 

quality of different portions of a microscope cover 

slide glass plate was tested by inserting it in either of 

the test arms and the typical interference patterns 

were obtained (Fig. 6). Typical interference patterns 

obtained due to two mutually joined optical glass 

plates are shown in Fig. 7. The variation in shape, 

orientation and number of interference fringes in the 

two interference patterns clearly indicates the location 

at which the optical thickness is changed due to 

joining of two glass plates. The results were taken 

frame by frame to show the versatility of the proposed 

interferometer set-up. The proposed interferometer set 

up is quite suitable for performing optical test studies 

on phase objects in real time. By using hologram-

copying techniques
19

, holographic copies of H 

(containing two holographic optical elements) can 

be generated in large number that can further 

facilitate in formation of several cost-effective optical 

interferometers. 

Conclusions 

This paper presents a new scheme for making a 

simple, compact, cost-effective and versatile two-

 
Fig. 5  Typical interference patterns due to an active and hot 

mercury lamp at different times 

 
Fig. 6  Photograph of interference patterns obtained by 

inserting an optical glass plate in the test arm: (a) Top left portion 

of the glass plate; (b) Middle left portion of the glass plate; (c) 

Bottom left portion of the glass plate; (d) Top right portion of the 

glass plate; (e) Middle right portion of the glass plate; (f) Bottom 

right portion of the glass plate 
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beam optical interferometer that utilizes a 

commercially available diffraction grating and 

holographic optics. The proposed interferometer 

requires only a single collimated beam for its 

functioning and is well suited for performing optical 

test studies on phase (transparent) objects. The optical 

arrangement of this two-beam interferometric set-up 

is quite simple and relatively sturdy and any 

perturbation caused in any one of the test arms does 

not have any effect on the other arm as these are 

spatially separated. The vital components of this 

interferometer could be produced in great numbers 

using normal hologram copying methods. Further, 

this interferometric method, in infinite-fringe mode 

set-up, facilitates studies of phase objects in real time. 
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Fig.7  Typical interference patterns obtained due to combi-

nation of two optical glass plates of different sizes and thicknesses 


