


1. Introduction:: SRR R TR AN AU fetaany ol

Usually, the resolving power of the physical device is defined by the width at half
maximum of its spread function.:f}Forfphysica.l‘«déviééiWith'nonsymmetriéal spread
function we must take into consideration the second factor — the degree of the non-
symmetricity of the given spread function.

In this paper we consider the resolving power of the physical device with nonsym-
metrical spread function.' The quality of such physical devices we analyze in term of
the Fourier Transformation approach [1,2]:; According to this approach the quality of
the physical device is defined exhaustively by the Fourier Transform (FT) spectrum of
its spread function. This approach has been used for analyze of spectral information
in the nuclear physicsin [3]. ¢ - .. iy

It is shown that physical'dq’vicé with nonsymmetrical spread function has higher
resolving power than physiéa.l'd,ev‘ice with symmetrical spread function with the same
halfwidth. We have calculated the dependence of the resolving power versus relative
noise level'e, from € = 1, to &€ = 1073, and for different ratio k= orfor,fromk =1to
& = oo, where oy, and og are the left and the right halfwidths of the nonsymmetrical
spread functions. The factor of merits of the physical device with nonsymmetrical
spread function increases with the experiment quality’l/¢ and with ratio k = or/oR.
The plots of the resolving pov;'er are limited by the curve at k= co. The calculations
were made for gaussian and for lorentzian spread functions. o

2. Fourier Transformation approach

The Fourier Tvrkansform‘at"ion, F , is the transition ffom the iniitia.lv function f(z) to
its Fourier. Transform: F(w): e 7 = b vy oniiisnn ) e

e - if(z) 2 F(w)= /f(z) gxp(:—iiw;)’dz ; (1)
w is the frequency. The mverse Fourier Tf;nsformation, F, ﬁbm t‘hé‘:;Fz‘qurierfo‘é.ns'\-
form F(w), to the initial function f(z) is defined as '

Fw) 25 fw) = [ F@expliwa)do. . oo @)
The Fourier Transformation (1) can be »writl;gn_g.?rthe,sum of two partial FT’s:
 FW)=Feu(@) +iFaalw) ' @)
wh"ere‘ : P X k
 Faw = [f(@)cos(wa)dz; )
‘ { , i m(4)
, ,,,Fsin = ff(z) sin(—w:z:)da: i} e EE iy e T
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1n general case the init.ia.i function f(z) can be written as the sum of the even
function F*(z) and the odd function f~(z): -
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An exa.méie of thesymmetnca.l (left) ”a.hd‘,ofi'thé"nbnsyﬁiﬁiétr-icali(r»i‘g’hf)Aspr,ead
' Y As well be’

explained later, the resolving:power of these two-physical; ‘dévices are principally -

functions k(z) are shown in Fig. 1 for t_{);vo ‘differént :phyéical devices.

different even for the same halfwidths of their spread functions.

_. The FT of the gaussian .-« oatd el
 g(z) = exp(~="/20%), _ (10)

- where o is the parameter of the gaussian, 1s equal to’
S IR ET RS A I ‘, T TREE F TS MUPRFE . .(11)

o Fg(w) =(exp(—w2/292)

Qo=1.

o As an illustration of the{reati’o!ii',"eq.l (12),we présentihree different gaussian gi(z)

S (i="1,2, 3) and corresponding three FT’s in the logarithmical scale (Fig: 2). T.he
~ sequence of the direct and inverse Fourier Transformations are shown in Fig. 3: Fig.

‘nonsymmetrical gaussianispread: function st ool

" - 3a - the-initial gaussian, Fig.:3b.and’ Fig.3c ~— partial FT’s Fros-and :Fijp < For -

symmetrical initial function we have Fy;; = 0.: The.partial FT..F.;is presented in the-
logarithmic scale in Fig. 3d. The inverse FT of the Fo, is given in Fig. 3e as even g*
function. The odd g~ function is equalito zero:(Fig: 3f). Theinitial function g:(z)-
is presented in Fig. 3g. SIS IRRIE T VNIE Ko E A B
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The sequence of the direct and inverse Fourier Transformations of the nonsym-
metrical gaussian ga(z) are given in Fig. .4, wherex

[ exp(=2?(201)22.< 0, s

SRTE N VIR & N

The initial honsynimétrical Faussiari is'giveri‘in’Fig: 4a. ‘The partial FT's, Feos and
Fin, are given in Fig. 4b and Fig. 4c in the linear scale, and in Fig. 4d and Fig. 4e’

—n the logarithmical scale. The even part of the nonsymmetrical gaussian gt(z) is
presented in Fig. 4f, and the odd part one'g™(z) in'Fig. 4g. The sum

vyiven e ga(z) = gt (@) g7 ()
is shown in Fig. 4h. ‘ TR FHLI IR, &
The computer simulation of the resolving power problem has been performed with
the array of six different nonsymimetrical gaussian presented in Fig. 5 for different ’
x = op/or. The complete FT, |F|, and the partial FT, Fii, are given in Fig. 6 for
first three gaussians (a, b, ) and in F!g T fdrfla.st three gaussians (d, e, f).

From Figs 6 and 7 we see that the partial FT, Fun,has wings in the region of the
middle frequencies w and that Fy, maximum increases with ratio k = ov/or. Both
factors increase the intensity of the complete T, |F], in the region of the middle and - -
high frequencies w and thus increase the resolying power of the physical device.

" The results of the compter simulation are presenited in Fig. 8. The FT spec
width T is plotted versus,the experiment qua
for six nonsymmetrical gaussians (g, b, ¢, dy'e,
gaussian (lim) with & = oco. R B LT A IS N SRUS AR EC T

We see that at low values of the experiment quality 1/€ the difference between all
these 8 curves is practically absent. This can be explained by very high noise level,
when the noise does not allow even to establish the fact, which form, symmetrical or
nonsymmetrical, has the spread function of the physical device. U

Jity 1/¢ for symmetrical gaussian’(s),
f).and for completely nonsymmetrical

e

""The difference between physical devices is'getting pronétinced only for the exper-
ént ‘quality 1/e7> 3\ All'possible FT spectrum’ width™T" is restricted from above
by the curve "lifi”; which corresponds t6'completely nonsymiiietrical gaussian with-
k = ob. The factor of merits of the physical device with' nonsyrmetrical gaussian




spread function over the physical device with symmetrical spread funct.lon is; equal

to3 16:1 fors 1/20 andlc =12. 06 and 1sequa.l to205 lfors = 10—2 a.ndlc =3.508.

4. Physrcal devrce wnth nonsymmetrlcal
lorentzian spread function

Now we consider resolving power of the physica.l-devicérwit.h‘ nonsymmetrical
lorentzian spread function. In Fig. 9:-we show ‘at first: the sequence of:the direct
‘and inverse Founer Transformatlons of the symmetncal lorentzra.n f,(:r)

el JYC N a9)

° 2+ 02’ &
‘where ois the parameter (Fig.  9a). 'The partial FT’s, Fe, a.nd Fyn, are shown in
Fig.'9b and Fig. 9c. The partial FT, Feo, in the logarrthmlc scale presented in Fig.
9d, has remarkable linear dependence versus frequency w. The even part f + and the

odd part f= = 0 of the initial symmetrical lorentzian are shown in Fig. 9e and, Fig.
9f. The sum : .

1s glven in Fig. 9g.
‘In Fig. 10 we show the sequence of the direct and inverse Fourier Transformations
of the nonsymmetrical lorentzian fA(:z:)

§ _:fA(x): . o ﬂ
(—g-) ,_H, !:z:>0 ’
The mrtral nonsymmetrrca.l lorentzra.n for &= crL/aR = 3 5 is shown in Fig: IOa.
The pa.rt.lal FT’s, Feos'and Fyn, of fA(:z:) are presented in’ ‘Fig.”'10b and Fig. 10c.
Now the dependence In|Froa|, presented in Fig.’ 10d, has complex structure.” There

is a narrow pa.rt with quasrllnea.r dependence at low frequency w with slope which is’
defined by the oz. At very high frequency W we observe the quasrlmea.r dependence .

with slope, defined by the og. The plot'|Fis| has deep minima (Fig. 10e). The even

- part f} and the odd part f3 of the 1n1t1al nonsymmetrlcal lorentzra.n are shown m7

Frg 10f and Fig. 10g. The sum

is grven in Flg 10h
.:The computer simulation of the resolv1ng power problem has been performed with
array of six different nonsymmet.rlca.l lorentzians presented in Fig. 11 for different

& = or/op. The complete FT, |F}, and the partial FT, Fi, are ‘given. in Fig. 12 for

first three lorentzians (a, b, c), and in Flg 13 for last three lorentzra.ns (d, e, f )-

L M@=r@ErE@ e

(17) |

o) = nm+nu»‘*“f R

. Fig. 1. Symmetncal h (:c) and nonsymmetnca.l h A(:r) sprea.d functlons of the h
- ical dev1ces ; p ’
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Flg 2. Symmetrlca.l gaussian spread functions g(z) (i = 1,2, 3) a.nd their Fourler

' Transforms in the logarlthmlc scale In IF)i=123 ’ 95(z); b) the pa.rtla.l FT Frosy of the symmetrlcal gaixssmn g,(a:), c) the partla.l FT

Fin; d) In[Fosl; €) inverse FT of the partial FT, F.,), g° (1:), f)'inverse FT of the
partial FT, Fun, g7 (2); g) the sum of the gt (z) and g (z) wluch is equa.l to the uutlal; -
symmetrlcal gaussian g,(a:)
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Flg ‘5. The' a.rray of 'six dlfferent nonsymmetrlca.l gaussxan spread functlons, used
in the computer s1mulat10n w1th followmg parameters:

" Fig. 4. Sequence of the direct and of the inverse Fourier Transformations of the
nonsymmetrical gaussian spread function ga(z): a) the given nonsymmetrical spread
function g,(z); b) the partial FT, Feo, of the nonsymmetrical gaussian 9a(z); c) the

partxa.l FT, F,,, of the g,q(:t), d) In|Fiol; €) In | Fanl; f) inverse 'FT of the Feos, g3 *(z); a b c ’d e 7
g) inverse FT of the Fyn, 95 (2); h) the sum of the gj(:l:) and g (z) which is equal to P N 198 = 08 =T 548
~ the lnltla.l nonsymmetncal gaussw.n ga(z). : or | 2.0 ].1.22 1 0.42- 10,15 1.0.05 | 0.02
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. ,‘Flg 6. The complete FT, |F|, . and the partial F'T, F'sm, of the nonysmmetrlcal

‘gaussian spread functlons shown in Flg 5 for first three para.meters Fig. 7. The complete FT, lFl’ and the pa.rtlal FT, Fin, of the nonsymmetnc.

gaussian spread functlons shown in Fig. 5, for last three parameters:
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Flg 8. Plots of the FT spectrum width I‘ versus the expenment quahty 1/e for
dlfferent K=oy /aR of the nonsymmetrical gaussian spread | functlon

x=orfor| 1.75 | 3.508 | 12.096 | 35.67 | 109.0 | 274.0
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Fig. 9. Sequency of the direct and of the inverse Fourier Transformations of the
symmetrical lorentzian spread function f,(z): a) the given symmetrical spread func-
tion f,(z); b) the partla.l FT, Feos, of the symmetrical lorentzian f,(z); c) the partxa.l
FT, Fyn: d) In|F}; e) inverse FT of tie partial FT,- Fco., I (z); f) inverse FT of
the partial FT, Fy,, f (z); g) the sum of the f+(a:) and f (a:) Wthh is equa.l to the
initial symmetrical lorentzxa.n f,,(a:) . , . :
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- Fig. 1.2. The complete FT, |F|, and the partial FT, F,;,, of the nonsymme.trical
. lorentzian spread functions, shown in Fig. 11, for first three parameter: . ..
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Flg 14. Plots of the FT spectrum wrdth I versus the experlment qua.llty 1/5 for

different x = o'L/aR of the nonsymmetrlcal lorentzran spread functlon

d
35.67

K= a'L/o'R 1.75
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The genera.l beha.vrour of the pa.rtla.l FT, F‘slh’ (Flgs 12 and 13) in the case Of the
lorentzians is the same as in the case of the gaussian (see Figs 6 and 7). The partial
FT, Fg,, has wmgs in the middle frequenc1es w and ‘Fj;, maximum increases with
ratio £ = o /oRr. Both factors increase the intensity of the complete FT, | F|, in the
region of the middle a.nd hlgh frequencxes w,, a.nd thus increase the resolvmg power of
the physlcal dévice. , . : e

‘The results of the computer srmula.tlon are glven in Flg 14 The FT spectrum
width T is .plotted versus the experiment quality 1/e for symmetrlca.l lorentzra.n (s),
for six nonsymmetrlca.l lorentzxa.ns(a b, c, d e, f) a.nd for completely nonsymmetrlca.l
lorentzian (lim) with x = co. ~

. We see that at low values of the experiment qua.llty 1/e the difference between all
these 8 curves is practlca.lly absent. The difference between physical devices is get-
ting pronounced only for the experiment quality 1/e > 3.5. ‘All possible F'T spectrum
widths ' are restricted from above by:the curve ?1im”; which: corresponds to! com-
pletely nonsymmetrlca.l lorentzran with x = oco. The factor of merits of the physical
device'with nonsymmetrrca.l lorentzian’ spread functlon over the’ physrca.l dev1ce with
symmetrical 'spread function is ‘equal to 1.68:1 for &= 1/20 a.nd £'=12.096 and i is
equaltolGlfore——lO' and x = 3.508. :

5. Conclusion

1. We have considered the resolving power of the phys1ca.l devrce with nonsym-
metrical spread functlon - : ‘ -

2. The quallty of the physrca.l device versus pa.ra.meters of its nonsymmetrlca.l
:sprea.d functlon ha.ve been a.na.lyzed in term 'of the Fourier Transforma.tlon ap-
o -'proach B :

3. The computer srmula.tlon of the resolvmg power problem ha.s been performed',
" for two typlca.l classes of the sprea.d functlons gaussian and lorentzra.n '

4. Tt is shown tha.t physrca.l dev1ce with nonsymmetrlca.l sprea.d functlon demon-
strates higher resolvmg power than the physical device with symmetrlca.l spread
‘ functlon a.t the same total ha.lfwrdth : -

= 5. It is shown tha.t fa.ctor ‘of merlts of the physical device w1t_h nonsymmetrlca.l
- spread function is the monotonic increasing function of x = or/o)R, where o,
‘and op are the left and the right halfwidths of the left a.nd of rlght parts of the
'glven sprea.d functxon w1th llmltmg va.lue a.t K=00. L :

6. Frc ‘rom two plots one for ga.ussra.n a.nd a.nother for lorentzian, we may conclude,i
""that factor of merits of the physical device with nonsymmetrical gaussian is’

19



higher than that of the physical device with nonsymmetrical lorentznan at the

same experlment quallty l/e and at ratio x = a,,/an
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