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I. INTRODUCTION 

It was shown in [1,2] that the problem of the coma aberrations in optics, holog­
raphy and meso-optics can be solved by using the generalized Abbe sine condition 
and the Welford theorem about the form-of the hologram's backing. In this line the 
isoplanatic meso-optical Fourier transform microscope (MFTM) for nuclear emulsion 
has been proposed. ' · 

Recall that any meso-optical mirror with ring response, installed in the MFTM, 
produces two meso-optical images of the particle track having small dip angle. The 
main technological disadvantage of such a device is very large geometro-optical aber­
rations, observed· in the meridional cross section of the microscope [3]. Due to this 
feature the diameter of the meso-optical mirror with ring response must be as large 
as 160 mm. To reduce the overall dimensions of the MFTM, the initial meso-optical 
mirror from. metal must be replaced by the equivalent aplanatic meso-optical holo­
gram with ring response. The form of the hologram.'s backing is defined by Welford's 
theorem [4], and can be chosen a spherical one with curvature radius R defined by 
the equation [4] (Fig. 1) 

1 1 1 
R l1 + l2 ' (l) 

where /1 and /2 are distances from the reference object point to the hologram and 
from the hologram to the meso-optical image, respectively. The singes of /1 and 12 are 
chosen in accordance with general rules in optics. For /2 » /1 , R ~ 11 . Thus in this 
extreme case the aplanatic meso-optical hologram with ring response can be made 
on a spherical backing with center of the sphere being practically in the reference 
position of the particle track in the median plane of the nuclear emulsion layer (Fig. 
2). The coma aberrations can be reduced in the ratio 5:1 and the overall dimensions 
of the aplanatic meso-optical element with ring response can be made reduced from 
the initial diameter 160 mm to about 35 mm. 

In this paper we give the description of some new approaches to solve the problem 
of the coma aberrations in the meso-optical Fourier transform microscope (MFTM) 
for nuclear emulsion. The comprehensive analysis of the technological aspects of the 
experimental realization of some microscopes is presented. The theory of the multi­
element isoplanatic mirror of the MFTM is developed. 

II. TECHNOLOGICAL ASPECTS 

A device designed for production of the meso-optical hologram with ring response 
on the spherical backing is shown in Fig. 3. The light source 1 produces two mutually 
coherent light beams, one convergent and another divergent. The real focus of the 
convergent beam is in the reference position of the particle track O in the median 
plane of the nuclear emulsion layer. The spherical shutter 2 has an open aperture in 
the form of a narrow sector with center on the optical axis of the frontal lens 4. The ___ ..... _____ ,,__,.. ... . .... 



Fig. 1. 
Aplanatic meso-optical hologram 
with a ring response in the 
MFTM: 1 - source of the con­
vergent light beam, 2 - apla­
natic meso-optical hologram with 

, a ring response on the non.plane 
backing, 3 - matrix photodetec­
tor of the meso-optical images, 
R.<I>. ·_ nuclear emulsion layer, 
R - curvature radius of the holo­
gram backing, having axial sym­
metry with respect to the optical 
axis of the MFTM, R-1 = /11 + 
122, where 11 and 12 are the dis­
tance from the particle track to 
the hologram and from hologram 
to the matrix photo detector, 0 is 
the point in the meridional cross 
section on the marginal optical 
axis of the MFTM, on ..yhich the 
center of the circle of radius R 
lies. 
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Fig. 2. 
Basic aplanatic meso-optical 
hologram r with a ring response 
on the spherical backing: 0 - the 
particle track in the median plane 
of the nuclear emulsion layer, 0 8 
is the diffraction bending angle 
of the extreme light rays due to 
diffraction on the aplanatic meso­
optical hologram r with a ring re­
sponse on the spherical backing. 
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photosensitive layer 3 is casted directly on the spherical surface of the frontal lens 4. 
In the course of the successive exposition of the photosensitive layer, the frontal lens 
4 with photosensitive layer is rotating around its optical axis. 

To explain the technological process of the production of this meso-optical holo­
gram with a ring response, we consider_ a device for production of the equivalent 
plane hologram with ring response (Fig. 4). The divergent light beam from the point 
light source 1 is transformed by the positive lens 2 into the convergent light beam. 
The auxiliary plane hologram 3 produces ·an additional, divergent, light beam. These 
two light beams, one divergent and another convergent, are mutually coherent. They 
generate an interference pattern in the plane of the photosensitive layer 5. The plane 
shutter 4, provided with very small ( ~ 3°) open sector aperture, transmits very small 
part of the whole interference pattern. During the exposition the motor 6 rotates the 
photosensitive layer 5 and thus provides a successive illumination of all parts of the 
photosensitive layer 5. 

Another more detailed scheme of such a device used for successive exposition of the 
photosensitive layer is shown in Fig. 5. The light from the light source 1 is collimated 
by the lens. 2. The semitransparent light beam splitter 3 produces two mutually 
coherent plane waves which are directed onto the lenses 5 and 6 by plane mirrors 4. 
The lens 5 focuses the light into a point onto the plain microscopic mirror 7, which 
transforms this light beam into the divergent spherical wave. The lens 6 produces 
the convergent spherical wave. The Fresnel interference pattern is generated in the 
region of the mutual overlapping of the divergent and of the convergent spherical 
waves. This interference pattern is detected on the photosensitive layer 9, which is 
rotating during the exposition by the motor 10. The sector shutter 8 restricts the 
instant exposition zone. 

The mutual arrangement of the light beams, the sector shutter 8, the photosen­
sitive layer 9 and the motor 10 dur_ing the exposition is shown in Fig. 6. Also the 
structure -0f the interference picture is presented. 

III. MFTM WITH ISOPLANATIC MESO-OPTICAL MIRROR 

Now we consider the design of the MFTM provided with isoplanatic meso--optical 
mirror. The generating line of this ·axial symmetrical mirror has the multielement 
structure, each element of which being a short arc of one of the tautochronic ellipses. 

By definition, a family of the tautochronic ellipses is specified by two focuses. 
Two adjacent tautochronic ellipses are sep~r~ted by the mutual distance and by the 
wave length of the light ,\. To evaluate this distance, we consider the reflection of the 
light ray, going from the first focus F1 , at the points A and B, lying on the adjacent 
tautochronic ellipses (Fig. 7). The reflected light rays AC and B D must be added in 
phase at the second focus F2 • Therefore the distance d, which separates two adjacent 
tautochronic ellipses, must be chosen according to the equation , 
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Fig. 3. 
The device for production 
of the aplanatic meso- opti­
cal hologram on the spher­
ical backing: 1 - source 
of the convergent and di­
vergent light beams, 2 -
the shutter with open aper­
ture in the form of a sec­
tor, 3 - photosensitive layer 
mounted on the spherical 
surface of the frontal lens 4. 
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Fig. 4. 
The device for production of 
the meso-optical hologram with a 
ring response on the plane back­
ing: 1 - point light source, 2 - pos­
itive lens, 3 - auxiliary hologram, 
4 - shutter with sector aperture, 
5 - plane photosensitive layer, 6 -
rotating unit. 
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Fig. 6. 
The relative arrangement of the con­
vergent and divergent light beams, 
plane shutt~r with sector aperture 8, 
photosensitive layer 9 on the rotat­
ing unit 10 (cf. Fig. 5). 
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Fig. 5. 
More detailed scheme of the device 
for production of the meso-optical 
hologram with a ring re_sponse on 

- the plane backing: 1 ~ point light 
source, 2 - positive lens, 3 - beam 
splitter, 4 - plane mirror, 5 - posi­
tive lens, 6 - positive lens, 7 - micro­
scopic plane mirror, 8 - shutter with 
sector aperture, 9 - plane photosen­
sitive layer, 10 - rotating unit. 
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d = - · - (2) 

2 coslli' 
where '1i is the incident angle of the light ray F1 A B. In a small region of two adjacent 
tautochronic ellipses the angle '1i and the distance d can be considered as constant 
factors. 

The first focus of our tautochronic ellipses is located at the point F1 on the optical 
axis F1A of the MFTM in the median plane of the nuclear emulsion layer. The second 
focus of our tautochronic ellipses is located in the point F2 , where one of two meso­
optical images is generated by the meso-optical mirror. 

The main feature of the generating line of the isoplanatic meso-optical mirror is 
that the gravity centers of the reflected elements of this multielement generating line 
are located on the "carrier ellipse", which is defined by .the additional sagitta V: 

(H2 + R2)2 - H2(H + 2~)2 
V = 4H2(H + 2~) 

(3) 

where His the distance along optical axis of the MFTM from the nearest point of the 
meso-optical mirror to the first focus of the tautochronic ellipses; R is the distance 
between two focuses of the tautochronic ellipses, and ~ is the sagitta of the traditional 
meso-optical mirror, defined by the equation 

~ = 
fl2 +HJ(H2 + R2) 

. - H. 
2 

(4) 

The schematic diagram of the new design of the MFTM provided with isoplanatic 
meso-optical mirror is given in Fig. 8. The convergent light beam from the light source 
1 illuminates the nuclear emulsion layer and produces, in the vicinity of the meso­
optical mirror with ring response 2, the Fourier transform of the straight line particle 
track. The meso-optical mirror 2 produces two meso-optical images of the particle 
track. The right one is detected by the photosensitive matrix detector 4. The signals 
from this detector are fed to the computer memory block 5. The unit 3 transports 
the nuclear emulsioi:i layer and generates the position signals. The multielement 
generating line of the isoplanatic meso-optical mirror is shown in detail inside the 
circle. Two adjacent elements of this generating line are connected by the nonworking 
segment. Such· jumps give rise to the diffraction order in the place of the meso­
optical mirror. To separate the diffraction order from the zero diffraction image we 
must choose the length ~ 0 of.each arc of the tautochronic ellipse according to the 
inequality 

.,\ 
~

0 

• l2 > D, (5) 

where /2 is the distance along light ray from the meso-optical mirror to the second 
focus F2 of the tautochronic ellipses. 

6 

:{ 
), 
I 

) 

1/1 

I 
I 

i 

Fig. 7. 
Mutual arrangement of two adjacent 
tautochronic ellipses: Fi and A are 
focuses of the given family. 
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Fig. 8. 
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Schematic diagr!l-m of the MFTM 
with multielement isoplanatic meso­
optical mirror with a ring response: 
1 - source of the convergent light 
beam, 2 - isoplanatic meso-optical 
mirror, 3 - driving and. position in­
dication system, 4 - pqotosensitive 
matrix detector, 5 - computer mem­
ory block. 
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Now we present an example of the realization of the MFTM with isoplanatic 
meso-optical mirror with ring response. Fof R = _40 mm, H = 75 mm, D = 0.3 mm, 
>. = 0.6 µm, we have: D. = 2.45 mm, V = 9.05 mm, 12 ~ 77 mm, D. 0 = 100 µm 
< % = 154 µm. The number of the elements N = 400. The jump between two 
adjacent elements D.h = 22.6 µm. 
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Fig. 9. The meridional cross-section of the traditional meso-optical mirror (ABC) 
and multielement isoplanatic meso-optical mirror ( ATC) ( see ·text). 
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APPENDIX 

To prove the equation (3), which defines the additional sagitta V of the isoplanatic 
meso-optical mirror with ring response, let us consider Fig. 9. The point P i~ the 
position of the particle track which is out of the center of the field of view of the 
MFTM and which is lying on the line segment P FiB T. The point B is on the 
traditional continuous meso-optical mirror with ring response at the distance R/2 
from the optical axis of the MFTM, 1 is the angle AFiB, /3 is the angle B F1C, /j 

is the angle A C Fi, D. /3 is the angle P C Fi, D.c.p is the angle B F2 W, n is the angle 
0 W F2 • The segment D. = DB is the sagitta of the traditional meso-optical mirror 
with ring response, 2 V = B W. 

The point P' is the image of the point P, produced by the isoplanatic meso-optical 
mirror with "carrier_ ellipse" ATC. The dashed line I is the line AP' qr. The dashed 
line II is the line C P' E. 

Let us take into account tlie sinus· theorem for the triangle P Fi A: 

sin D.1 

111 
= 

sin(, - D.1 ) 

H 

where /11 = pFi, (,- D.1 ) is the angle PAP'. From Eq. (A.I) we get 

b., 
111 

(R/2) 

H /(H + .0.)2 + (R/2)2 

The sinus theorem for the triangle PAC gives: 

sin D./3 

111 
= sin(/3 - D./3) 

../H2 +R2 ' 
where (/3- D./3) is the angle FiC P. 

Now let use the sinus theorem for the triangle FiB S: 

sm, sin /3 

/UfF+ (~F = (f +b.)' 

Then we have 

b./3 (R/2) (H + 2.6.) 

~ = (H2 + R2) J(H + .0.)2 + (R/2)2 

(A.I) 

(A.2) 

(A.3) 

(A.4) 

(A.5) 

Next we must calculate the coordinates x 0 , z0 of the cross point of the dashed 
lines I and II, defined by the equations 

z = 
X = 

xtg(o - b.,) - F2q,} 
-D./3 · H(l + fi) 

CJ 

(A.6) 
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where 

F2q = D.:y . R+H /:,."f ' 
H2+R2 } 

F2r = Aq · 19 (6:t:>.-rl 

H. - D.:y 
tg(o-D..,) = R (H) 

1 + Ji 

HR - D..1(H2 + R2) 
R2 

From these equations we find: 

Then we have 

~here 

and 

Xo = -H · D../3, } 
H2+R2 

Zo = -D../3. H. tg(o - D..,) - D.., R+Ht:>.-y 

R 
£ = 2V + D.. + H = - ctg0. 0 , 

2 

ctgOo = Zo = - [(H2 + R2)2 + H4 + 2H3D..] 
Xo RH2(H + 2D..) ' 

R [(H2 + R2)2 + H 4 + 2H3D..x] 
2 . RH2(H + 2D..) £ 

(H2 + R2)2 + H3(H + 2D..) 
2H2(H + 2D..) 

Finally we calculate the additional sagitta V : 

2V = £ - (H + D..) 

(H2 + R2)2 + H3(H + 2D..) 
2H2(H + 2D..) - (H + D..) = = 

(H2 + R2)2 + H3(H + 2D..)....,. 2(H4 + 3H3D.. + 2H2D..2) . 
2H2(H + 2D..) ' 

or 

10 

(A.7) 

(A.8) 

(A.9) 

(A.10) 

(A.11) 

(A.12) 

, (ll2 + R2)2 _ 11 2(1/ + 2~)2 
\· = lf/2(1/ + 2~) (A.13) 

where the initial sagitta ~ is equal to: 

~= 
IP+ JIJl/2 + Hi 

·2 - II. (A.14) 
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