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A Method for Coherent Optical Noise Elimination in 
Optical Systems with Laser Illumination**

A method for coherent optical noise elimination in optical systems with laser illumination is described. To 
eliminate the noise rotating glass blocks in the form of a right prism arc used. Application possibilities of this method 
in the two-beam laser interference systems with straight fringes are shown. Experimental results obtained by 
using this method in a biological microscope, double-refracting interference microscope, multiple-beam micro­
interferometer and Twyman-Green interferometer with laser illumination are given. A comparison was also made 
between the results obtained with the rotating block and with the rotating ground glass.

I. Introduction

Application of lasers in optical systems is 
often limited by a coherent optical noise. 
Diffraction and interference patterns are gene­
rated by optical system imperfections (discrete 
scratches, bubbles, dust particles, inhomo- 
genities in glass and glue, as well as reflections 
from the air-glass interfaces) when a spatially 
coherent light is used. These noisy patterns 
often completely obliterate the subject of 
interest. Elimination of this disturbing coherent 
noise is a serious problem.

Several authors have described methods 
of improving the image quality in coherent 
illuminated systems. Kirkpatrick and El-Sum 
[3] have partially destroyed the coherence 
between the light source and the object by 
using a light source continuously rotating about 
the optical axis of the system. Experiments 
with optical systems, in which all the optical 
components were rotating about the optical 
axis, have been also performed by some authors. 
Next, the method of diffuse illumination has 
been used [6, 7]. A light scattering screen, 
placed in the path of a laser beam, suppresses 
the coherent noise, but it causes a granular 
structure or speckle to appear at any plane 
downstream from the diffuser. Considine [2]
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has used a weak milk-water solution as a dif­
fuser. This is a fine structure and a time­
-varying diffuser, as milk particles undergo 
Brownian motion. It allows to obtain images 
the structure of which is comparable to that 
obtained with incoherent illumination. The 
speckle pattern, as a characteristic phenomenon 
for coherently illuminated systems, may be 
removed by using rotating diffusers, for in­
stance a ground glass screen, which is rotating 
about the axis parallel to the optical axis of 
the system. When the speed of the rotation 
is such that during a time equal to the per­
sistence time of vision (or photographic ex­
posure time) the speckles are moved further 
than their periodic spacing, uniform illumina­
tion is obtained. Bowman [1] has described 
experiments with a rotating polished glass 
disc, one surface of which was smeared with 
a thin layer of translucent silicone grease 
acting as a scattering screen. In general, all 
scattering screens cause high losses in light 
intensity across the object plane. Upatnieks 
[9] has obtained a considerable improvement 
of the image quality in optical systems with 
laser illumination by using a pure phase diffuser 
placed close to the object. This method is 
applicable only to two-dimensional objects, 
moreover only the diffraction patterns scattered 
downstream from the object plane are elimi­
nated. Then, another method has been sug­
gested by Leith and Upatnieks [4]. The image 
quality may be improved by passing the 
coherent beam through a pseudo-random di­
ffuser formed, for instance, by a contact print­
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ing a pair of crossed Ronchi gratings on the 
photographic plate and then by bleanching 
this plate. Thomas [8] has worked out a techni­
que for the time averaging of the coherent 
noise without reducing the spatial coherence 
of illumination. The optical system in his 
experiments was perturbed in such a manner 
that the noise at the output of the system 
varied with time, while the image of interest 
remaind stationary. A rotating flat glass 
plate tilted slightly out of the plane perpen­
dicular to the optical axis of the system was 
used as an averaging element. When the rotating 
plate is placed in an illumination beam, diffra­
ction patterns due to imperfections of optical 
elements move, while the image of the object 
of interest is fixed. The output detector (eye 
or photographic film) averages the fluctuation 
intensity of the noise patterns. This method, 
however, does not work with plane waves. 
Bowman [1] has used a rotating, optically 
transparent disc in the form of a thin wedge 
spun about the axis parallel to the optical 
axis of the system. This technique, in contrast 
to Thomas’ method, may be used for plane 
waves. In this paper a new method for coherent 
noise averaging is presented. The method is 
a further modification of the Thomas’ and 
Bowman’s techniques.

integrates the time-varying illumination in the 
observation plane and thus averages much 
of the diffraction noise.

Fig. 1. Operation of a transparent four-wall block 
in a convergence beam

An experimental device for the suppresion 
of the coherent noise in optical systems with 
laser illumination is shown in Fig. 2. Two 
six-wall blocks Bl and B2 are placed in the 
laser beam LB downstream to the focus of 
the lens L in front of an optical system 08. 
The blocks rotate about the axes 0 1 and 0 2 
perpendicular to the optical axis of the system 
08. Each block causes a linear motion of the 
illumination beam. If the blocks rotate with

Q. Principle of the method

The basic novelty in our method is a glass 
multi-sided block, in the form of a right angle 
prism, used as a coherent noise averaging 
element. The block rotates about the axis 
perpendicular to the optical axis of the system.

The operation of this element for a con­
vergent illumination beam, is explained in 
Fig. 1. The laser beam LB expanded by the 
lens A, falls on the four-wall glass block B, 
which is rotated about the axis 0  perpendicular 
to the drawing plane. The block causes dis­
placements of the illumination beam on the 
observation plane P. When the block rotates, 
the angle of incidence on the Jens L2 varies 
and is determined by the momental position 
of the block B. As a result of this, the diffraction 
patterns Ν' and N " produced by an imper­
fection N in the lens L2 move in the obser­
vation plane P. N' and N" are, of course, 
in two different places for two different positions 
of the block B. The eye (or photographic plate)

Fig. 2. Experimental device for coherent noise elimi­
nation in optical systems with laser illumination

the identical angular speed, the composition 
of two motions cuases a circular motion of 
the illumination beam. In a particular case 
the device allows for the same efficiency of 
noise averaging in all directions. Thus the 
noise such as, for instance, diffraction patterns 
produced by two perpendicular scratches on 
the surface of a lens, may be effectively 
eliminated. For special applications the blocks 
B1 and B2 may be adjusted so that axes Ox 
and 0 2 are not perpendicular and rotation 
speeds of the blocks are different.

10 Optica  A pplicata  I , 2



III. Applications

The described device can be applied in 
different optical systems with laser illumination. 
We have performed several experiments to 
study the operation of this device in different 
laser systems, among others, in biological and 
interference microscopes with laser illumina­
tion. We have compared the results obtained 
with our averaging device and with a rotating 
ground glass.

parallel to the direction of the interference 
fringes.

A) Biological microscope with laser illumination

A microscopic image of a biologic specimen 
illuminated by a laser light is shown in Fig. 3. 
It can be seen that the image is strongly distur­
bed by a coherent noise, as shown in Fig. 3a. 
Fig. 3b and 3c present the same image obtained 
with one and two rotating blocks, respectively. 
The image quality obtained with the two­
-blocks averaging device is better than that 
obtained with one rotating block. By applying 
the averaging device a considerable impro­
vement of this image quality may be obtained.

The comparison images obtained in the 
microscope with a rotating ground glass and 
a rotating block are presented in Fig. 4a and 
4b, respectively. In Fig. 4a some blurrings 
which reduce the image contrast are observed. 
These effects are not seen in Fig. 4b with 
averaging device. The above results indicate 
that a rotating block is better than a rotating 
ground glass.

B) Laser interference systems

Lasers, as instruments producing high in­
tensity and spatially coherent light, are excel­
lent light sources for interferometry. However, 
coherent noise, sometimes, stands in the way 
of the effective application of these sources. 
We have performed several experiments aimed 
at the noise eliminating by using different 
methods, among others, a rotating ground 
glass. We can conclude, that in interference 
systems the best results are given by the 
averaging method. In interference systems 
with straight fringes one-directional averaging 
is required. It means that one rotating block 
is used, which causes, that the illumination 
beam moves in one direction only. Moreover, 
the adjusting of the rotating block is required 
to assure, that the direction of the motion be

c)

Pig. 3. Images of diatoms in a biological microscope 
with laser illumination: a) without noise elimination, 
b) with one rotating block, c) with two rotating blocks 

as shown in Fig. 2
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c )

Pig. 4. Images of a mamalian small intestine in a biolo­
gical microscope with laser illumination: a) with
a rotating ground glass, b) with a rotating block, 

c) without noise elimination

First of all we have worked on coherent noise 
elimination in a double-refracting interference 
microscope [5] with laser illumination. Appli­
cation of laser light in this microscope allows 
to improve the precision of microscopic measure­
ments. An inacurracy of measurements caused 
by differences of dispersion in the examined

object and its environment may be eliminated 
by using monochromatic laser light together 
with coherent noise elimination.

The results of coherent noise elimination 
in the above mentioned microscope are presented 
in Fig. 5. The image of a birefringence crystal 
in the interference fringe field without noise 
elimination is shown in Fig. 5a, and the same

H)

b)

Pig. 5. Images of a birefringence crystal in a double- 
refracting interference microscope with laser illumina­

tion, interference fringe field method: a) without noise 
elimination, b) with a rotating block

image with the rotating block is presented 
in Fig. 5b. It can be seen that much of the noise 
is eliminated by applying the rotating block. 
Small size interference rings in Fig. 5b are 
caused by dust particles on the object slide. 
These rings are not eliminated because, their 
sources are near to the object plane. In Fig. 6 the 
images of a biological specimen in the uniform 
interference field with large image duplication 
are shown. Fig. 6a presents the image without 
noise elimination while Fig. 6b that obtained
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with the rotating block. In this case the adjus­
ting of the rotating block was the same as for 
the interference fringe field.

We have also performed experiments on 
noise elimination in such interference systems 
as the T wyman-Green interferometer with

b)

rig. 6. Images of human epithelial cells in a double­
-refracting interference microscope with laser illumina­
tion, uniform field interference method with large 
image duplication: a) without noise elimination,

b) with a rotating block

laser illumination and the laser multiple-beam 
microinterferometer. Figs 7a and 7b present 
the image of a glass plate in the Twyman- 
Green interferometer without noise elimination 
and with a rotating block, respectively. In 
Fig. 8 the multiple-beam interference images 
of dielectric stripes evaporated onto a glass 
plate are shown. The image 8a corresponds to 
the ordinary laser illumination without noise 
elimination, while the image 8b to the illumina­
tion with a rotating block. The optical thickness 
of these stripes is 0.19 λ for laser light 632.8 nm. 
The microinterferometer works in reflected 
light. The wavy shape of the interference

b)

Fig. 7. Images of a glass plate in the Twyman-Greeu 
interferometer with laser illumination: a) without

noise elimination, b) with a rotating block

fringes is caused by overlaping the multiple­
-beam interference image and another image 
formed by interference of light reflected within 
the substrate glass plate. This plate does not 
have ideal plane- parallel surfaces.

From these experiments we conclude that 
the described method of coherent noise elimina­
tion can be applied in laser interference systems
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b )

Fig. 8. Images of dielectric stripes on glass slide in 
a laser multiple-beam microinterferometer: a) without 

noise elimination, b) with a rotating block

with a fringe or uniform interference field. 
This method effectively eliminates coherent 
noise and does not disturb interference patterns 
of interest.

IV. Conclusions

A method for the time averaging coherent 
noise in the optical system with laser illumina­
tion is described. In this method one or two 
rotating blocks are applied. The blocks are 
adjusted in a different manner, according to the 
desired applications. In general, the blocks 
have the form of a multiple-wall prism and are 
made of glass or other transparent materials. 
Eeflection blocks can also be used, however, 
they have inferior properties as compared to 
the transparent ones. Blocks with an even and 
odd number of side walls, when properly ad­

justed to the optical axis of the system, act as 
rotating plane slides or rotating wedges. They 
can be applied in parallel, convergence or 
divergence beams. The averaging devices with 
rotating blocks have simple construction and 
higher effectiveness of noise elimination as 
compared to the rotating plane slides and wedges 
with the same speed of rotation. The described 
method can be used in both the two-beam 
and multiple-beam interference systems with 
straight fringes. In this case one-directional 
averaging is applied, and the rotating block 
is positioned so that the illumination beam 
moves in the direction parallel to the fringes. 
The results obtained with averaging devices 
in a biological microscope, double-refracting 
interference microscope, Twyman-Green in­
terferometer and multiple-beam microinter­
ferometer are presented. A comparison of the 
results obtained with the rotating blocks and 
those received with a rotating ground glass 
indicates that the proposed averaging method 
is better than the rotating ground glass method. 
The more so that the averaging method does 
not disturb the images, which is observed with 
a rotating ground glass. To obtain high image 
quality in interference systems it is required 
that all side walls of the block be parallel to 
its axis of rotation.

The authors are much obliged to Mr. A. Kuc 
for valuable help in performing the photo­
graphs.

Methode d’elimination des bruits optiques coherents
dans les systemes optiques a eclairage de laser

Dans le travail on prdsento la methode d’eli­
mination des bruits optiques coherents dans les syst6- 
mes optiques a eclairage de laser. On y a utilise des 
prismes droits de verre tournants. On a montre les 
applications possibles de cette methode aux systemes 
intrefdrentiels de laser a deux faisceaux et a faisceaux 
multiples avec les franges d’interferences rectilignes. 
Les resultats des experiences illustrant la methode 
sont donnes. On a exp^rimente en utilisant les dis- 
positifs suivants (tous a eclairage de laser): le microscope 
biologique, le microscope interferentiel a polarisation 
avec le prisme de Wollaston, le mictrointerferom6tre 
a rayons multiples et l ’interferorndtre de Twyman- 
Green.

On a compare les deux methodos d’elimination des 
bruits coherents — la methode des prismes droits 
de verre tournants et celle de plaque de verre depoli 
tournante.

14 Optic a  A pplic ata  I, 2



M e T O fl  3JJHMHHHpOBaHHH ODTHHeCKHX K o re p e H T H b ix  

u iyM O B  b  onT H H ecK H X  C H C TeM ax c  jia 3 e p H b iM  

o c e e m e H iie M

B pa6 oTe oriHCbiBaeTCH μθτοα οιιημηηηροββηηη οπτη- 
4ecKnx KorepeHTHbix myMOB b οπτηηθοκηχ CHCTeMax c  Jia3ep- 
HbiM oceemeHneM, Hcnonb3yK)inHii BpamaiomHeca CTemiaH- 
Hbie 6 pycKH, HMeiomHe φopM y npaM oii π ρκ 3ΜΜ. Π peaCTaB- 
JieHa BO3MO3KH0CTb ΠρΗΜεΗβΗΗΗ 3Τ0Γ0 MeTOfla B HBynyneBblX 
h MHoroJiyneBbix jia3epHbix ΗΗτερφερβΗΐΐΗΟΗΗΒΐχ CHCTeMax 
pa6oTaiomHx b orhoporhom  η nonacaTOM ΗΗτερφβρβΗΗΗΟΗ- 
HblX ΠΟΠΗΧ. npHBOflBTCH pe3yjIbTaTbI HCCJie/IOBaHHH npHMe- 
ΗβΗΗΗ 3ΤΟΓΟ MeTOfla B 6 nOJIOrHHeCKOM MHKpoCKOne c jia3e- 
pHblM OCBemeHHeM, B ΗΗΤερφβρεΗΙΙΗΟΗΗΟ-ΠθπΐΐρΗ33ΙΙΗΟΗΗΟΜ 
MHKpocKone c npn3Moft YoiuiocTOHa c HBOiiHbiM jiy ien pe- 
jiOMJieHHeM, b na3epHOM MHoronyneBOM ΜΗκροΗΗτερφερο- 
Μβτρβ η b  ΗΗτερφβροΜ βτρε TyafiMaHa-rpHHa c jia3epHbiM 
OCBemeHHeM.

CpaeHHBaioTCH flea MeTofla 3ηημηηηροβ3ηηβ orrraHec- 
ckhx KorepeHTHbix myMOB —  ΜβτοΛ BpamaKmjeroca cTeKJum- 
Horo 6 pycxa h Bpam am m eroca M aToeoro CTeKJia.
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