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1 Introduction
Holography [1] is a method to record and display the whole optical
wavefields including intensity and phase. It is used in numerous
applications, e.g. in metrology for interferometric measurement of shape,
deformation, or refractive index distributions, as well as particle detection
and analysis [2]. Another application is holographic 3D-displays, e.g. in
arts or security issues. Holographic 3D-television is a topic of actual
research and development [3].
The photographic emulsion of the early holography has been replaced
by recording on CCD- or CMOS-targets. The captured digital holograms
are stored in a computer, where the complex wavefields can be
reconstructed numerically [4,5], or the hologram data are inscribed into a
spatial light modulator, whereby the wavefield is reconstructed optically
[6,7].
The main difference between holographic film and CCD-targets is the
resolution. While silver halide holofilm can resolve up to 7000 line
pairs/mm, common CCD-cams have a pixel pitch of e.g. ∆ξ = 3,45µm,
which equates to a resolution of 144 line pairs/mm. The sampling theorem
states, that a reliable reconstruction of the recorded hologram is possible, if
the fringe period p in the hologram is sampled by more than two pixels.
p > 2∆ξ
(1)
The fringe period p at any point in the hologram is given by:

p=

λ
,
2 ⋅ sin (θ / 2 )

(2)

where λ is the wavelength and θ the angle between reference and object
wave at the hologram point under consideration. In order to fulfil Eq. (1)
for all points in the hologram and all points of the object, the angle θ must
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remain small. This can be obtained by recording objects of small size, but
sometimes one needs to measure large objects. Another way for the
detection of large objects is to place the object far from the recording
target, but optical arrangements with distances of several meters are bulky
and prone to amplify small vibrations.
A solution of these problems is the optical reduction of the angle θ. This
is done by bringing the object wave from a small virtual image of the
object to the target instead of the original reflected or scattered wave [8].
In the following we will describe optical systems which perform this
reduction and we will present results produced by these systems.
2 Optical reduction
Without an optical reduction the optical arrangement for capturing a
hologram will have the length dnolens from the object to the CCD-Chip [2]:

d nolens (h ) >

(h + N∆ξ ) ⋅ ∆ξ
λ

,

(3)

where h is the height of the object and N the pixel number in one direction.
Using a single lens to decrease the optical field reduces the total length
from object to CCD-Chip to donelens, based on Eq. (3) and imaging
equations:


 ∆ξ
f ⋅h
f ⋅g
d onelens (h ) >  − 1
+ N∆ξ  ⋅
+ g1 + 1 1 ,
g 1 − f1
 g1 − f1
 λ

(4)

where g1 is the object distance to lens L1 and f1 is its focal length.
The reduction of the angle can be further increased by repeating the
imaging of the object. That means that the first virtual image I1 (Fig. 1) is
displayed by a second lens L2. The distance from object to CCD-Chip now
is dtwolenses.


 ∆ξ
f1 f 2 h
d twolenses (h ) > 
+ N∆ξ 
 ∆L( g1 − f 1 ) − f 1 g1 − f 2 ( g1 − f 1 )
 λ
f g
f 2 (∆L(g1 − f1 ) − f 1 g1 )
+ ∆L − 1 1 +
,
g1 − f 1 ∆L( g1 − f 1 ) − f 1 g1 − f 2 ( g1 − f 1 )

(5)
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Fig. 1. Arrangement of the two lenses L1 and L2 considering the sampling theorem

with f2 the focal length of lens L2 and ∆L the distance between L1 and L2.
This system can be enlarged to three or more lenses but the obtained
reduction is small compared to that of the first two lenses.
Generally convex lenses do the same job [2], but the reduction is less
than that of concave lenses.
3 Experimental results
A setup with two concave lenses has been successfully applied to an object
of height 18cm (the Bremen Town Musicians). The capturing has been
done by Fresnel holography as well as by lensless Fourier transform
holography. With the two lens setup we obtained an object-CCD-Chip
distance of about 18cm (f1 = 75mm, f2 = 50mm, N = 2452, λ = 532nm), see
Fig. 2, while for a setup without lenses more than 1.2m would be
necessary.
The resulting reconstructed intensity images shown in Fig. 3 demonstrate
the feasibility of the presented method.

Fig. 2. Setup for capturing using two concave lenses for reducing the angle θ
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Fig. 3. Numerical reconstruction of an off-axis lensless Fourier transform
hologram (left) and of an off-axis Fresnel hologram (right)
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