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I.	 INTRODUCTION
 
,
 

The Mesooptical Fourier Transform Microscope (MFTM) for 
nuclear research emulsion is described in /1 -7 I. The purpose 
of the MFTM is to observe selectively only straight line par­
ticle tracks in a thick nuclear emulsion layer and by means 
o f a proper computing algorithm which has been mentioned in/€' I 

to find events-nuclear interactions. These interactions are 
seen as star-like patterns consisting of several straight 
line particle tracks which start from a common vertex. The 
MFTM enabl.es us to find events the vertex of which is outside 
the field of 'view'of the MFTM. 

In the previuos ~fers the idea of the MFTM /1 I. the ~rin-
c í p l e of operation,l' I, the first experimental set-up 51 and 
the first experimental results ~ ~ the analysis of the optical 
system and some new exp~riments with the improved set-up 17 I 

have been described. In this paper we continue to analyse the 
optical system. We give the analysis of the images of dot-like 
and straigh~ line objects and show how the MFTM can be obtai­
ned from a traditional optical microscope hy continuous modi­
fication of the latter. 

2. THE POINT SPREAD FUNCTION OF THE MFTM 

In order to clear up the character of the transformation 
of theoptical information in the METM, let us start from a 
traditional optical m1croscope. By using the double diffrac­
ti~n principle of the image formation ~ I any optical microsco­
pe can be converted into the optical arranyement sho~ in Fig.1 
which is a typical one for Fourier Optics l o I. Let the input 
objects in thick layer of nuclear research em~lsion be illumi­

x, ,,., JIl,~ I~ ~IL.. , 41 
, I K ~-- ..... ­

~~= .: ._. ,1' Fig. 1. The Fourier Optics con­
~ ~.- d" I fig~ratio~ of a t~aditional 
~ opt~cal m~croscope. .....'-,- .-.""".._.=::_, 
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nated by a convergent beam of coherent 11ght crossover of 
which, is in the Fourier plane, x 2 , Y2 ). The lens L1 executes 
a Fourier transformation of the input obj~ct described by the 
amplitude transmittance function f(x 1 'Yl) and the amplitude 
of the electric field E(x2' Y2) in the plane (x 2, Y2) c an be 
wri tten in the form of /10 I 

e>e 

E (x2 ' Y2 ) = Consto fJ f( Xl' Y1 ) x 
-e>e /1/ 

21Ti ]
x exp [ - -- ( xl X2 + Y1 Y2) dx 1 dy 1 ' 

Àd 12 

where À is the wave length of light,Const is a constant factor 
whic~ can be henceforth omitted. The lens L 2 accomplishes 
a second Fourier transformation if the imaging condition 

d-1 d-1 = f-1 /2/
12 + 23 2 

is fulfilled where f 2 is the focal length of the lens L 2 . The 
amplitude of the electric field E(x3 , Y3) in the plane (x 

3,y 3 
) 

is defined by the expression 
e>e 

E (x3 ' Y3 ) ff E(x 2 , Y2 ) x 
-e>e 

/3/ 
21Ti 

x exp [- À d23 (x 2 X 3 + Y2 Y3 )] dx 2 dy 2 ' 

and gives an enlarged (d 23/d1 2 times) image of the input objects. 
Now let us submit the lens L 2 to, the following modifica­

t í on s . We add a mesooptical elementd ll d to the lens L 2 • The me­
sooptical element consists of a negative conical lens, i.e. 
a plane-parallel disk from which a cone is removed. The opti ­
cal system thus obtained is the basic scheme of the MFTM 
(Fig. 2). ' 

x, 
y,Fig.2. The basic configuration 

of the Mesooptical Fourier 
Transform Microscope (MF'TM) ._- -z­

with negative conical mesoop­
tiaal elemento 

The complex amplitude transmittance function of the meSQ­
optical element is given in~/7~1 and has -t he form 

/4/t (x2 ' Y2) = exp [ i ~ cI> ( x 2 ' Y2 )] • 

The phase shift ~~(K2 'Y2) over the plane-conical mesooptical 
element is equal within the Fourier optics 'approximation to 

~<I>(X2' Y2 ) -~ (fi - 1) tg o V x2
2 

+ Y2
2 

À 
/5/ 

~KVX~+Y22 

À 

where n is the refraction inde~ of light inside the mesoopti ­
cal element, Õ is the taper angle shown in Fig.2 and K the pa­
rameter of the conicity of the mesooptical lens L 2 • 

The amplitude at the output plane (x 3 ' Y3 ) for this case is 

0Cl 21ri 2 2
 
E(x3 ' Y3 ) = ff E(x 2 ' Y2 ) ' exp[-À- K vx 2 + Y2 ] x
 

- oe 

/6/ 
21Ti
 

x exp [-'--( x 2 x S + Y2 Y 3 )] dx 2 dy 2 '
 
Àd 23
 

where E(x2 'Y2 ) is defined by Eq. (1). From Eqs. (6) and (1) we 
can see that any translation of the input objects in the plane 
(xl'Yl) causes a corresponding translation of the output ima­
ges in the plane (x 3' Y3 )./ Due to t h i s- property the MFTM is 
a space ..~nvar~ant system 10/ . To f'~nd out th'po~nt spreade 
function 7 l 2/ of the MFTM we introduce the polar coordinates 

2 2
ri=vx i + Yi ' 

~ 1,2,3 } /7/ 
cP i = are tg ( Y i / x i ), 

and place a pinhole described by the o-function o(r l ) into the 
origin of the coordinates (Xl 'Yl ). Taking into account the 
axial symmetry of the whole system Eq.(6) can be written as 

oe )" . 21Tr 2 r s 
E (r 3 ) f r 2 exp [ -"'~!- K r2 I- Jo ( ,) dr 2 ' /8/ 

o À À d 23 
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where J o is the Bessel function of the zero order. By use of 
the Fourier theorem of the derivative of the Fourier trans­
form/ 10/ and the relation 113/ 

oe 

J exp ( i P x ) J o (ex) dx
 
o
 

(9) 

1} -1Iz {O ~ P < e. 
= (e2 _ P 2){ i O < e < P. 

we can get the point spread function of the MFTM as a function 
of the parameter o f conicity K : 

, 2 2 -3/2 
- K [ (K d 23) - f 3]' f 3 < K d 23 • 

E(f ) = • (lO)
3 

{ 2 ) 21-3/ 2
[K f 3 - 'K d 23 ' f 3 > K d 23 • 

The amplitude of the light at the output plane of the MFTM is 
shown in Fig.3. 

In the case when K = O we have a traditional imaging system 
with the point spread function equal to E(f3 ) = Ô(f3 ) . This fol­
lows from Eq.(IO) at K ~ O. For K > O the point spread function 
has the form of a bright focal circle with the radius R = K d 23 

and with the intensity light distribution around this circle 
which decreases as I f 3 - R 1-3 . The effective width of this fo­
cal ring is determined by the entrance angulàr aperture of the 
mesooptical system. In ptinciple we can construct an'ideal fo­

cal ring if the amplitude 
E(Jj) :\ transparence of the mesoop t i>­

cal element has the form 

t ( f 2 ) :z J o ( ~TT K f 2 ) • ( I I ) 

In this case the Amp.litude at 
the output plane 121 is ex­

~ pressed as follows: 

Fig.3. The amplitude light 
distribution near the focal 
circle of the MFTM. 

De 2TT 2TT f 2 f 3
E (f ) f f2JO(-À-Kf2)·JO( \,.1 ,)df 2 =
3 
o 

(12) 

Consto Ô (f 3 -' K d 23 ). 

'I~ 

I,
 3. THE lMAGE OF A STRAIGHT LINE SEGMENT IN MFTM
 

The most adequate objects for the MFTM are straight line 
segments which describe that part of the straight line partic­
le tracks which occurs in the field of view of the MFTM. For 
the purpose of lucid explanation of image formation of these 
objects in the MFTM we have ·to follow the continuous conver­
sion of the traditional optical microscope into the MFTM. This 
conversion has been modelled by computer through gradual in­
creasing of the parameter of conicitYK. Some results of this 
computer simulation are given in Fig.4-6 in the form of 
3D-plots where 2D-light intensity distributions over the out­
plane of the MFTM are presented. 

Fig.4. 3D-plot of the 2D-light Fig.5. 3D-plot of the 2D-light 
intensity distribution in the intensity. distribution in the 
image of a straight line seg­mesooptical image of the same 
ment produced by a traditional object as in Fig.4 produced 
optical microscope. by configuration in Fig.2 at 

a small conicity. 

Fig.6. 3D-plot of the 2D-light 
intensity distribution of two 

I 

ll]­ output images in the MFTM for 
the same object as in Figs.41\
and 5 at a greater conicity.J\ 
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In the case of zero conicity we have a traditional image 
of a straight line segment (Fig.4). When the parameter of co­
nicity K increases the image is splitting in two image with 
a dark domain between them (Fig.S). On continuing ~his process 
we get images typical for the MFTM (Fig.6). The distance bet­
ween two output signals is equal to the diameter of the focal 
circle. We can see that each particle track i~ transformed by 
the MFTM into two signals having the form of small spots lying 
on the focal ring and on the straight line perpendicular to 
the direction of the particle track. 

The detailed analysis of two images thus produced or simply 
two output signals at the output plane of tpe MFTM for parti ­
cular conditions of nuclear research emulsion was presented 
in 17 I. In real experimental conditions we have :DI w 2. 10 2 and 
.w ::: 0,5 -:2 IJ. m, where :D is the diameter of the field of view 
of the MFTM and .w is the width of the particle track. In this 
case the light distribution in the Fourier plane is practical­
ly concentrated within a narrow strip2Ad12/D wide and2Ad12/.w 
longo The direction of this narrow strip is perpendicular to 
the direction of the particle track. Due to this property we 
can easily calculate the light intensity distribution at the 
output plane of the MFTM. It has beén shown that the width 
of the output signal along the radial coordinate is defined 
by the factors which determine the width of the radial ring 
(§2). Thus in terms of the Rayleigh criterion / 141 for the op­
tical system with diffraction limited resolution the radial 
width of the output signals is equal to 

!1p	 = AIa Y2 (1 3 ) 

and determined by the total angular aperture 2il y~ . The sagit ­
tal (angular) lenght of the output signals or its length-along 
the tangent to the focal circle is given by Eq.(II) from / 7f : 

t1fe = Dd23/ d 12 = MD,	 (I 4) 

where M is the linear magnification of the whole mesooptical 
system. The angular resolution !1e of the MFTM is equal to 

!1e	 = !1 f e ITTR. • (15) 

In the MFTM design described in/51 we can obtain principally 
the radial resolutions !1p ::: 1-2 IJ. fi and the angular, resolu­
tion I!le=::5 '-10 ' . 

The authors wish to thank S.A.Bunjatov for continuous inte­
rest and support and Yu.A.Batusov for useful disscussions 
of this paper. 
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