
E13-94-511 

L.M.Soroko 

INFORMATIONAL CONTENT 

OF THE HIGH ORDER DIFFRACTION PATTERN 



I. INTRODUCTION 

The observation of the diffraction pattern of the straight line ob
jects is a typical one in the Fourier optics [1]. This method gives 
very large depth of focus both for registration [2] and for process
ing of the track information [3]. The convergent light beam, which 
accomplishes the spatial Fourier transformation, is used widely in the 
meso-optical Fourier transform micrscopes (MFTM) [4]. In all these 
papers the object of the observation was a diffraction pattern in the 
region of the first diffraction order. The zero diffraction order is 
suppressed with ease when we use the convergent illuminated light 
beam. The high orders of the diffraction pattern were used implic
itly in [5] for observation of the mesa-optical images of the open 
circles, rectangular slit, shutter and straight line set of many open 
circles. As was shown in [5], the meso-optical images of these ob
jects have the form of the one·-dimensional derivative of the input 
object. The results were explained in terms of the one-dimensional 
Foucault-Hilbert transform by the meso-optical element with ring 
response. It has been also proved that the existence of the central 
dead part in the meso-optical element with ring response is indeed 
a minor handica.p for using this element in the MFTM for nuclear 
emulsion. 

In this paper we treat the informational content of the diffractiou. 
pattern in the region of very high orders. It is shown that high order 
diffraction pattern represents. a super resolution width indicator of 
the particle track in nuclear emulsion. A new experimental setup 
designed for width measurements of the particle track is described. 
The main feature of this new technique is the observation of the 
diffraction pattern of the particle track in the region, which coverE 
very high diffraction orders. To accomplished this observation the 



support of the photosensitive layer must be chosen in the form of the 
cylindrical surface with center which coincides with convergent point 
of the illuminated light beam. Some quantitative tolerances to the 
mutual arrangement of the main parts of the experimental setup are 
explained. The first experiments performed with tungsten wire as 
an object are described. The results of the direct measurements show 
that the relative error of this new technique is as small as ±0.03% 
for tungsten wire of the diameter :::::: 26 µm. 

II. THEORY 

To treat the informational content of the diffraction pattern in the 
region of very high diffraction orders, we consider the one-dimensional 
model of the light diffraction on the spectral slit, the amplitude trans

. mission function of which J(x) is equal to 

J(x) = { l, lxl ~ d/2, 
0, lxl < d/2, 

where dis the width of the spectral slit. 

(1) 

The far field diffraction pattern, expressed in terms of spatial fre
quency Wx, can be written as one dimensional Fourier transformation 

J(x) --t F(wx) 1-: J(x) exp(-ixwx)dx. (2) 

For spectral slit we have 

ld/2 Wxd Wxd 
Fs(wx) = exp(-ixwx)dx = sin( -

2 
)/( -

2
). (3) 
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The intensity distribution of the diffraction light has the form 

Is(ws) = sin2( Wxd )/( Wxd )2 
2 2 

(4) 

and represents a periodic function sin2( •) with envelope (wx)-2• The 
distance between two successive minima of the function Is ( Wx) is 
equal to 

2 

21r 
Ox= d" (5) 

To detect this period in the region of small spatial frequencies wx, 
a plane oriented perpendicular to the optical axis of the convergent 
light. is. used. commonly. 

The drop. of the intensity distribution Is(wx) for large spatial 
frequencies Wx is the main factor which restricts the power of the 
_method. The second factor is the emergence of the reflected light at 
very high w;: 

"' From .Eq. ( 4) we see that one single measurement of the first in
tensity minimU:m coordinate is enough to estimate the parameter d, 
that. is the,~idth of the spectral slit .. There is an essential obstacle 
for ~easutin'g of the high order diffra~tion minima. In all cases com
monly enc'ountered in the practice, the surface of the photosensitive 
layer_suppor't has the form of a plane. In such a condition we are 
fa~ed with' d_efocusing effect which reduces drastically the contrast of 
the diffraction pattern in the region of high diffraction orders. 

. Iii this paper a new technique for observation of any high diffrac
tion orders is. proposed. The main point of this approach is the 
nontrc1clitional form of the observation surface. 

"• 'l :,', , ' 

III. E.XPERIMENTAL SETUP 

Th~ exp~rimental setup is shown in Fig. 1,. where 1 - point light 
source, 2- Fourier transform lens, 3 - aperture diaphragm, 4 -
object, 5 - photosensitive layer on the cylindrical support, 6 - ab
~6rption stop.· The object is oriented perpendicular to the optical 
axis of the convergent light beam and is directed al orig the axis · of 
the cylindrical surface of the photosensitive layer. This configura
tion is very adequate for detection without any defocusing effect of 
~ ' ' ·, ,. . - . 

diffradion pattern in the region of high diffraction orders. The frag-
m'.ent of the diffraction pattern produced by the tungsten wire of the 
diameter~ 26 µmis presented in Fig. 2. 
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The experimental setup for q.etection of very high 
diffraction order: l - point light source, 2 -
Fourier transform lens, 3 - aperture diaphragm, 
4 - object (wire), 5 - photosensitive layer, 6 -
absorption stop of the direct light beam. 

Fig. 2 

Fragment of the diffraction pattern pro
duced by the tungsten wire of the diam
eter ~ 26 µm. The distance between ► 
two successive minima is equal to about 
4 mm on the real photo-negative. 
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This experimental setup is designed for estimation of the width 
d of the straight line object with error as small as possible from the 
data on positions of many intensity minima of the diffraction pattern 
in the region of very high orders. The coordinates of these intensity 
minima x~!:: versus the index number N of the diffraction minimum 
are s];iown in Fig. 3. This depend~nce is a pure linear one. 

Another; picture is observed in the case of the accidental eccentric
ity between the object axis and the axis of the cylindrical support 
of the photosensitive layer. A nonlinear effect is shown in Fig. 4. 
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Fig. 3 

50 The coordinates of the intensity minima 
x~!:: measured for various index number 
N from N = 2 to N = 24. 
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Fig. 4 
The explanation of the nonlinear effect 
induced by the eccentricity E between the 
object axis and the axis of the cylindrical 
support of the photosensitive layer. For 
E > 0, as shown in this figure, we observe 
lm+I > lm > lm-1 for every index number 
m. 
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The differences between the observed minima positions and the 
expected linear dependence are shown in the upper part of Fig. 5. 
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Fig. 5 

The extra effect of the nonlinearity 
.6.mm observed in the experiments 
with E > J). 
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Fig. 6 

The bending of the diffraction picture, 
produced by the wire in the case of 
wrong orientation of the wire with re
spect to the axis of the cylindrical 
surface. 
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Another effect observed in this experimental setup is the bending 
of the diffraction pattern induced by the wrong orientation of the 
object axis with respect to the axis of the cylindrical support of the 
photosensitive layer (Fig. 6). The curvature radius p of this diffrac-

. tion pattern is defined by the angle 0z between the object axis and 
the axis of the cylindrical support. Just this phenomenon _was used 
to measure the dip angle of the straight particle track in the nuclear 
emulsion by means of the MFTM.[6]. 

IV. RESULTS 

The photo of the diffraction pattern produced by two tungsten 
wires on the cylindrical surface of the radius R = 140 nim over the 
region of the diffraction .orders, which includes the diffraction angles 
from 0 = 0 to 00 ~ 1 rad, is given in Fig. 7. The central spot in the 
region of zero diffraction order is produced by the Fourier transform 
lens 2 (Fig. 1) with aperture diaphragm 3 having six iris stops, The 
rays going from the focus point on the photo (Fig.7) are produced 
by those iris stops. We see that the -diffraction picture,Lranged from 
0 = 0 up to 00 ~ 1 rad, goes into the reflection comp<>nent at yery 
high angles 0. A local interference between diffraction and reflection 
components can be seen as well. . . 

This photo was proceeded as follows. We ha~e estimated the 
coordinates of the intensity minima at different in.dex number· N 
from N = l to N = 24. Each measurement has been repeated many 
times to calculate the real r.m.s. spread or standard error for each 
N. To get the measurement error of the average period L. of .the 
diffraction picture we must divide the received r.m:s. spread by the 
corresponding N. Thus we get the effective standard error a!11J of 
the period L (but not the diameter of the wire!). From these data we 
can calculate the relative measurement error of the period L, a!11J / L. 

It is evident that · · · 

.6.L 
L 

.6.d 
d ' 

where .6.d is the measurement error of the diameter of the wire. 
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Fig. 7. 

Fig. 8. 

The photo of the diffraction pattern, in 
the sca~e 1:1, produced by two tungsten 
wires. The radius of the cylindrical sur
face R = 140 mm. The maximal elon
gation from the central order is equal to 
170 mm (0 > 1 rad). 

The effective standard errors a!1j, 
measured for index numbers from 
N1 = 2 to N2 = 24, on the photo 
shown in Fig. 7; 
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The effective standard errors a;jj for different index numbers N 
are shown in Fig. 8; These data can be approximated for tungsten 
wire of the diameter ~ 26 µm by the function 

exp ( 5.87 · 
aeff = N + 1.125) µm. (7) 

The existence of the constant term 1.125 µm is due to the fact 
that the contrast of the diffraction minima decreases at high N's. 
For N = 24 we have a;jj = l.35µm = 6L. 

The period of the diffraction pattern shown in Fig. 2 and in Fig. 
7 equals L ~ 4 mm. Therefore 

6L 
L 

- 1.35. 10-3 = 3 4. 10-4 = 6d 
4 . d (8) 

From Eq. (6) we see that application of the new technique by obser
vation of very high diffraction orders is equivalent to superresolution. 
This technique gives the possibility to estimate the diameter of the 
wire of the order 26 µn with error as small as 0.03%. Until now 
we discussed the diffraction error of the measurements. But if all 
other geometrical factors of our experimental setup can be fixed or 
measured with some error ~c;, then the total relative error (~d)t of 
the diameter d will be equal to · 

(6d)' = /(3. 10-4)2 + (6()2 . 
d 

(9) 
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· CopoKo JI.M . 
. 0:HcpopMaa;HOHHOe CO'AeJ))l(aHHe BhICOKHX 
nopSll\KOB, 'AH¢paKa;HOHHOH KapTHHhI · 

" , ,' 

· PaccMo~peHo ~Hq:iop'rdaa;HOHHoe CO'Aep%aHHe 'AHq:JpaKWfOHHOH KapTHHhI B 
o6JiaCTH Ol!eHh BhICOKHX nop~KOB •. IloKa3aHo, l!TO 'AHq:lpaKIJ;HOHHa.SI KapTHHa 
BhICOKHX IlOPMKClB npe'ACTaBJI51eT co6oii CBepxpa3pemarom;HH Hff'AHKaTop 
mHpHHhI CJie'Aa·qacTHIJ;hI B 51):\epHOH q:lOT03MYJibCHH. OnHCaHa npHHIJ;HilHaJibHO 

~ ' ' ' , . , ' 
HOBa51 3KCnepHMeHTaJihHa51 ycTaHOBKa, npe'AHa3Hal!eHHa51 'AJl51 H3MepeHH51 
mHpHHhI npOBOJIOKH H CJie'AOB l!aCTHIJ;. li3JIO)ICeHhI nepBhie 3KCnepHMeHThI, Bbl

. noJIHeHHhie 'AJI51 BOJihq:ipaMoBoii npoBoJIOKH B KalleCTBe ooo,eKTa. IloKaaaHo, l!TO 
OTHOCHTeJihHa51 norpemHOCTb H3MepeHHH; npoBe'AeHHhIX 3THM HOBbIM Mf!TO'AOM, 
paBHa Bcero 0,03% 'AJI51 BOJib¢paMoBoii npoBOJIOKH 'AHaMeTpoM !::!!26 MKM .. 

''Pa6oTa BhinO~HeHa ~ Jia6opaTO~HH MepHhIX npo6JieM OUSI:0. 

Coo6~e1me Q6-i,e,1.111HeHHoro 111icmryta ll,1.1epHLIX uccne,1.1oaaH11lt. ;D;y6Ha, 1994 
j . ' ' •.. 
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of the ~igh Order Diffraction Pattern • I 

·-
. The information content of the diffraction patterns 'in the region of very high 

· orders is considered. It is shown that high order diffraction pattern represents 
a· superresolution width indicator of the particle _track in nuclear emulsion. A 
principally new experimental setup designed· fo~ width. measurements of _the 
wires and particle tracks is described. The first experiments performed for 
tungsten wire as an object are presented. It'is shown that the relative error of 
the measurement made by this new technique is as small as 0.03 % for tungsten 
wire of the diameter ~ 26 ,um. . , 

·.· . The' investigation has b<t·~n performed at. the Laboratory of ·Nuclear 
Problems,' JINR· . 
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