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Abstract

The light diffraction is for telescope apparatuses an especially important
characteristic which has an influence on the record image contrast from the eye observer.

The task of the investigation is to determine to what degree the coefficient of light
diffraction influences the record image brightness.

The object of the theoretical research are experimental results provided from a
telescope system experiment in the process of observation of remote objects with different
brightness of the background in the fixed light diffraction coefficients and permanent
contrast of the background in respect to the object.

The received values and the ratio of the image contrast to the light diffraction
coefficient is shown in a graphic view. It's settled that with increasing of the value of
background brightness in permanent background contrast in respect to the object, the
image contrast sharply decrease. The relationship between the increase of the light
diffraction coefficient and the decrease of the brightness of the project image from
telescope apparatuses can be observed.

Light dispersion is optical device which characteristics affect the
contrast of the image recorded by the observer’s eye [1, 5, 6, 8, 10, 11].

Many objects disperse light falling onto them, so the brightness’s
values along the various directions appear to be strong. According to
Lambert’s law [2], the brightness of a light-dispersing surface is equal in all
directions. This assertion may be assumed only as an approximation.

Let o be a small area with brightness 3 equal in all directions.
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The light flow y emitted from area o along the normal constituent of
angle ¢ is calculated. Isolating the bodily angle do located between two ring
cones, generated by the rotation about normal N of two lines forming angles
¢ and ¢ + do, produces apparently:

(1) d, =2zsinpde .

The light intensity within this spatial angle is constant. Therefore,
the light flow within the bodily angle do will be:

(2) dg=1,dp=27Bosinpcospde .

To determine the light flow y emitted by the area within the whole
hemisphere, the above expression must be integrated within the limits from
0 to n/2. Then: y = nBo.

@ m-=-f_m.
o
The above shows that to brightness B =1cd/m? corresponds lightness:
M =314 Im/m?.

The surface properties of each diffusely dissipating body differ
greatly from those of the ideal light dissipater, i.e., the brightness in the
various directions is different. To provide numerical characteristics of
surface brightness change in various directions, the light dissipation factor
for a given surface is used, i.e., the ratio of the brightness of the surface
along an arbitrary direction and the brightness of an ideal dissipater, placed
under the same illumination conditions. The light dissipation factor is
usually denoted by B [9].

The task is to investigate whether the dissipation factor p affects the
brightness of the recorded image.

The subject of theoretical research are the results obtained by an
experiment with observation telescopic system [3] represented in Table 1
during the observation of remote objects with various background
brightnesses ranging between 107 and 10° cd/m? with given light
dissipation factors: B; = 0.1; B2 = 0.2; B3 = 0.3 and constant contrast of the
object’s background K = 0.3.
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Table 1

Light

dissipatio _ _ _ _ _ _
n factor By = By = By = By = By = By = X
0,01 0,1 1 10 100 10°

BL=01 | 02999 | 02081 | 02431 |00901 |0,0125 |0,0013 | X1 =01566

B2 =02 | 02986 | 0,2868 | 0,2054 | 0,0517 | 0,0064 | 0,0006 X, =0,1415

B3 =03 | 02979 | 02806 | 01124 | 00379 | 00043 |o0,0004 | X3 =01239

X =0,1407

In the last column of Table 1, the obtained data is presented,
considered as values of the brightness x for the group of factors B, B2, Ps,
i.e., z = 3, where the mean group values are denoted by X, , X,, X; and the

overall mean value x for the considered brightnesses n = 6 are calculated
using formulae [7]:

@) X == i=12..2

SRS PIDIE R

The hypothesis H which must be verified suggests that the light
dissipation factor [ does not affect brightness, while the alternative
hypothesis suggests the opposite. To check up the zero hypotheses H, the
averaged data from the 18 performed studies must be processed. The data

processing includes calculation of the square sums ¢,Ga,Gr USINg
formulae:

© -3

i=1

b [

i=1
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while the dispersions S?, S4 and S3 are evaluated using formulae [4]:

2_2__ 2
9) S v o kz-1

2 _SA_ SA
(10) si-= v Tl

2_SR __ SR
(1) SR_VR k(r-1)

The obtained values are shown in Table 2.

Table 2
Types of square Square sum Degree of freedom | Dispersion evaluation
sums
Total ¢ =0,331486 v6=17 S2 =0,019499
By factors ¢, =0,000537 v =2 S2 =0,000268
Residual ¢r =0,022063 vg =15 S2 =0,022063

The calculation of the disperse ratio F is performed using formula:

s2
(12) F :S—g =0, 0121831.

R

The obtained disperse ratio (12) is compared with the table value Fr+
at significance level oo = 0.05 [2] and it is observed that F > Fr, which
evidences that light dissipation affects image brightness.

Accounting to the fact that the contrast K depends on the object’s
brightness B,y and the background By, K may be determined from:
B,;—B
_ o6 @
(13) K——qu
and, accounting to the additional brightness AB, due to light dissipation,
which may be written as:

(14) AB = (306 + B(/))
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the contrast of the image K’ recorded by a visual optic system during
observation of a remote object will be equal to:

Boé _B([) K K

(15) K = - - .
B, + B(B,; +B(p) 1+ B(B,s +B,, 1+AB

From expression (15) it follows that, with definite object contrast
with respect to the surrounding background, the image contrast K will be
reduced, while the light dissipation factor increases.

In Fig. 1, the curves for the appropriate dissipation factors are
shown. Apart from the image contrast’s reduction with the light dissipation
factor B’s increase, the curves presented in Fig. 2 also reveal that the
contrast K’ of the recorded image drops abruptly when the background’s
brightness exceeds (24...30) cd/m? i.e., the specified background contrast
with respect to the object, which is 0.3, does not provide proper image of the
observed remote objects. Therefore, at some given contrast of the object
with respect to the surrounding background, the contrast of the recorded
image K’ is reduced while the light dissipation factor increases. At
background brightness within the range from 10 to 10% cd/m? it may be
shown that, when the value of background brightness increases, while the
background contrast with respect to the object K = 0.3, the image’s contrast
drops abruptly.
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Fig. 1. Dependence of the image contrast on the light dissipation factor

The graphic relationship displays reduction of the image contrast
with increase of the light dissipation factor . Moreover, when the
background’s brightness exceeds 24...30 cd/m? the contrast of the recorded
image drops abruptly.
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MN3CJIEABAHE HA 3ABUCUMOCTUTE MEXIY
CBETOPA3CEMBAHETO U KOHTPACTA
HA PETUCTPUPAHOTO U30BPA’KEHUE

IIPU PA3JIMYHA SAPKOCT HA ®OHA

C. Cmosanos, I'. Mapoupocan

Pe3ome

CBeTopasceiiBaHETO € BakHA XApKTEPUCTUKA HA ONTUYHUTE YPEIH,
KOSITO BJIMSIC BBPXY KOHTpAcTa Ha peructpupanust oopas. [loBspxHocTra Ha
BCAKO JAU(Y3HO pazcerBaiio TSUIO B 3HAUUTENIHA CTEICH CEe pa3jinyaBa Iio0
CBOWCTBAa OT WJCAJHUS CBETOpa3CcehBares, T. €. SAPKOCTUTE B Pa3IuIHHU
MOCOKM C€ OKa3BaT pa3ju4yHU. 3a Ja Cce€ XapaKTepu3upa UHUCICHO
M3MEHEHUETO Ha SPKOCTTa HA MOBBPXHHMHA B PA3IUYHH HAIPaBJICHUS, CE
U3M0JI3BA KOS(UIIMEHT Ha CBETOpa3CcelBaHe 3a JIaJieHa TOBBPXHOCT, KaTo ce
pazOupa SPKOCTTAa HAa Ta3d TOBBPXHOCT, B IPOHM3BOJHA IIOCOKA, KBbM
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SApPKOCTTa Ha MJealieH pa3ceiiBares, HaMUpall C€ B CHIIUTE YCJIOBUSA Ha
OCBETEHOCT.

O06ekT Ha pa3zpaboTKara ca pe3yJaTaTu OT U3CJIEBaHe HA OTAAJICUECHU
00eKTH IpU pas3jiuyHa SPKOCT Ha (OHA C ONpeiesieHn KOePUIIMEHTH Ha
CBETOpA3CEHBaHE.

[TonyueHnuTe CTOMHOCTH M OTHOIIEHHWETO HA KOHTpacTa Ha obpasa
KbM CBETOpa3CceiBaHETO € IpeJcTaBeHo B rpaduuen Bua. Habmronasa ce
Bpb3Ka MEXIy HapacTBaHe Ha KOe(HIMEHTa Ha CBETOpa3celiBaHe W
HaMalsiBaHe Ha sSipKocTTa Ha oOpasa. OT mpeacTaBeHara rpaduka ce BIXKAA,
Ye OCBEH HaMalsiBAHE Ha KOHTpacTa Ha oOpa3a C HapacTBaHE Ha
KOoe(UIMEHTa HA CBeTopasceiiBane 4, KOHTpacTsT K' HAa perucTpupaHus
06pa3 psi3Ko criana Hax sipkocT Ha doua (24... 30) cd/m? T. e. 3agageHHST
KOHTpacT Ha QoHa cupsmo obekTa 0,3 He ocUrypsiBa KaueCTBeH oOpa3 Ha
HaOmroaBanus oTnaneyeH o0ekT. CieoBaTeaIHo MPH ONpeieieH KOHTPACT
Ha OOEKT chpsAMO 3a00uKaisuus ro (poH, KOHTPACThT Ha PErHCTPUpPAHUs
06pa3 K' ce HamansBa c HapacTBaHe Ha KOe(UITMEHTa HA CBETOpa3CeiBaHe.
[Ipu sipkoct Ha poHa B nuUama3oHa OT 10 no 10% cd/m? ce YCTAHOBSIBA, Y€
Ipyd HapacTBaHE Ha CTOMHOCTTA Ha SPKOCTTa Ha (OHA, MPH IMOCTOSHEH
KoHTpacT Ha ¢oHa u obekra K = 0,3, KOHTpacThT Ha 00paza CTPEMHUTEITHO
cnasa.
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