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SUMMARY starting Wlth the equatnons for the lmage lllummance at the focns
of the objective, the exposition and sernsitivity of the photomatenal the formula for
the weakest, reachest magnitude: -

LF 0
1 44
CoCL} ]fr- 5

| and the formula for the llrmtmg magmtude of a pom,t hke source:

So.1 ( LF
~So.s5 CoCL

N are derwed The mﬂuen,ce of the atmospheric conditions is separated
from the mﬂuence of the objectwe and the film. One to the astrop'hyamal significance
of the problem, stellar magnitude as photometrical unit is used. It follows that
for point like sources the reached magnitude can be increased much more than
usually stated (Baum,1962,Shcheglov,1980), espec:ally by taking the camera out of
the Earth’s atmosphere.

- m=2. 510g[fo( ) So.1tP(
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1. INTRODUCTION 2. PARAMETERS OF THE: CAMERA AND
' FILM ILLUMINATION

~ Currently the formulae:for the llmltlng pho-

tographlc magnitude of apoint like source are esti- the same on both sides of the objective, the surface

mated from. a quantum;approach (Baum, 1955, bri
rightnes of the image, B1, and-“that of the source,
1962). However, the reached magnitude can also B will differ only dightly: By #'B. Here T, is'the

be: obtamed from elelalentuy considerations (Char- transmlttance of the optlca.l systém The illuminance

lier, 1889; Scheiner, 1889; Schaberle, 1898; Mineur, at the focus is larger that the ﬂIuminance in front of
1934) Therefore the classical approach beglmng the objective by a factor T

with elementary equations of photographic sensito-

gﬁz{exll be here madifed by introducing new pa- 1.0( )2. — 7-0( ) (

As 1t 1s well known if the optical medium is
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Here d is the image diameter at the focus, D
and F are the diameter and the focal lenght of the
objective, # = 3.14159... and Qg 1s the solid angle
of the source seen without the objective. For source

with an angular radius A("):

A 2
Do = (556265 | (1)
So for the illuminance at the telescope focus
we have:
_ . T Dy
E_To‘lQo(F) Eo _ (2)

‘Where Eo(1z) in astrophisical practice can be

expressed using the ” brightness” given in stellar mag-
nitudes, m.

EO — 10-—0.4m-—5.67 (3)

Formula‘(3) also contains the ‘evaluated influ-
ence of the atmospheric absortion in the direction of

the zenith. At the zenith distance z the absortion can
also be evaluated (Bemporad, 1921, Allen, 1977).

3.

RESOLUTION O
FILM SYSTEM

The resolution of the film is commonly given

as N(mm~1), the number of lines per milimeter that

can be seen separately. When the receptor is a pho-

toemulsion, the resolution of the objective §r iséqual”

to the Airy disc radius (Airy,1835). The resolution

-

the formula:

oosges

where the dimensions are F(mm), 6.("). Let |
6
us introduce a parameter k(M) as: k = '1'!".'?'2_.\’ where A

is the wave lenght of the used light, given in nanom-
eters (nm). Now instead of (4) we can write (like as

‘into: Zakaznov, 1981):

i
L = k-f o

~ so that the resolution of the objective is given

using the geometric aperture and the wave lenght of

incident light. It is well known, the resolution of the

objective - film system can be approximately defined

by the formula (for example: Kulagin, 1976):
1 1 1

S

R L N

It is convenient to introduce a numerical par-
ametar (Tomi¢, 1983): o

10

F THE OBJECTIVE-
. . . .. .: . show spread: ‘The parameter C,, "relative spread-

L
CL-—1+-N-

which can have values greater or equal to one.

The resolution of the system (in mm™") is now given
with resolution of the objective, L, and C as a factor
of destruction by the film:

L
= _é: (5)

It is useful to introduce the angulér separation
of the film, ("), for the given objective:

C 206265
N =

FN

where the units of N and F are as before. The
resolution of the camera as the system made from

objective and film is now given as:
Further, the ratio between angular radius of

source, A, and 8,: Co = £, can be the criterion for

the regime of work. The i)hotography of stars 1s a
process with duration into the time. So due to the
atmospheric scintillation, recorded stellar angle can

ing” for point like sources is determined with:

CoCL'-:-é-?_l
_ 0L

If A <5L, we have CoCr =1 ,and for A > 6

) | N . it is CoCL > 1.
of the objective can also be expressed in mm~" ‘with

In this way, an important distinction is made
between the camera parameters, which practically
remain unchanged for given objective and film, and
the observational parameters, that can vary consid-

4 ILLUMINANCE BY POINT LIKE

SOURCES

When photographing stars the illuminance at
the focus is given with (2), i.e. for point hike sources
the important characteristic is the illurmnance, not
often - assumed brightness (Hartman, 1898, Gray,
1976).“When A > §, it is necessary for' point like
sources to insert Eq. (1) and () into Eq. (2).When
A <8, instead of formula (6) and the expression for

the ‘Aliry radius,one can use:

with the units 6z("),A (nm), D(mm). For-

‘mula (2) has the form:
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m = 23.6 (Shcheglov, 1980). On the other hand,
our formula (8) with D = 5000 mm, F = 18550

mm,N = 400 mm™?!, 2A"” = 1.3”,5 = 125 ASA,
p=1 gives m = 23 .4. '

kD
Cr

Thus we have obtained the illuminance by a
point like source of magnitude m, at the focus of a

teleskope with the parameters 79, D, F, if the radius
of spreading of the image caused by atmospheric dis-

* D ' '
E = ZTO(FJZ( )210-—0.4m-—5.67

THE LIMITING PHOTOGRAPHIC

6.

turbances i1s smaller than §;.

THE REACHED
TUDE

5.
MAGNI

'STELLAR

The stellar magnitude reached during the time

t(s) 1s given, as it is well known, by (Altman, 1977):

in which So0,1 1s the photomaterial sensitivity
for the level of blackening 0,1 above the fog level,

given in ASA units, and p is the Schwarzschild’s ex-
ponent. Depending on the observational conditions,
there are two possible regimes of work, A > §, or

A < 6,, by which a different stellar magnitude can

be reached:

' D
my 2 = 2.9 log[(—ﬁ-)zsgjlrgt"] + M1,2 (7)

p1 = 11.13 -~ dlog A, A>b

(7.1)

o = 2510g(%2)2 - 15;44, A S 5, (72)
_ L |

In practiée, enough large objectives and emul-
sions of good quality, the case A > §, is more fre-
quent. When A < é, formulae (7) and (5) gives:

Mo = 2.5log(rgD2) +~é.5log(RZSo,1)+

2.5logt? — 15.44

which justifies idea (Paetzold, 1953) that the
real sensitivity of the photomaterial is determined by

R?S. The equations (7). + (7.2) can be put in one:

- -

Do .o, LF
m = 2.5loglro( )" Sot? (== (8)

Here m 1s the stellar magnitude reached by
using a camera with the parameters 79, D, F and

)] — 15.44

film with parameters Sg 1, N when the spreading due

to atmospheric disturbances is A, and the time of
illumination t(s). B EE O

By applying formula (8), one obtains values in
good agreement with the measured data. For exam-
ple, the 508 cm Hale telescope in ¢ = 30min reaches

' STELLAR MAGNITUDE

The time of illumination 77, after which the
sky leaves a trace whose density of blackening is equal
to the optimal value, is the limiting time of illumi-
nation. It 1s given as: |

10
T? = —— - 9
E1S50 85 (9)

o where Sp g5 1s the sensitivity of the photoma-
terial at the level of 0,85 above the fog, and: ’

E, = Zr-*ro(--?—;-*)21()""0"“‘“‘“"*"96 (10)

“18 the illuminance from the sky at the objective
focus. The brightness of the sky M is given in (-,%3-

‘units, that are linked with the brightness B(;ﬁ%) In

the equation (see e. q. Tomié¢, 1981):

M =1239 - 2.5logB.

From Eq. (7), (9) and (10) two formulae for
the limiting stellar magnitude are obtained:

My lim = M — 510gA + 2510g( ;0'1 ) + 1.50 (11)
- 0,35
kD,
M2 lim = M + 5 log(—c-,—-) + 2.9 log( 50’1 ) — 25.07
L 0,85 _
T a21)
The last equation can be brought to a form:
o ‘  So,8s
M2 1im = M + dlog F — 2.5 log( )+
_ " So.
L
+5 log(—) — 25.07 (12.2)
~Cr”

 This form is similar to one obtained from the

- quantum approach, which indicates the qualitative

agreement of both approaches. According to Baum’s
theory, for regime of saturation:

my = M +2.5log F — 2.5log(1 + Ro) — 2.5log 2A—

o ——2;'5'logb+ 125 log Gg
| where b; Ro, Gy caracterize quantum quanti-
ties. (See Baum, 1962). But, according to (5), equa-
tion (12.2) can take another form, which is also of
Interest:

11
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4

1 R
2 3 4 Qlog RF
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o

as a function of the at'mo:pheric, spreading A, according

Fig. 1. The limiting apparent stellar magnitude m,
to Eq. (11). ' .

Fig. 2. The limiting apparent stellar magnitude M2 as a function of th
product (RF), calculated according to Eq. (12.1). S

e system resolution - focal lengtl':'
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Fig. 3..The case A < 5 The limiting magnitude M3 as a function of the focal ratio, calculated

accordmg to Eq. (12.3).for N = 100 D= 100 k=

M2 lim ._: M +'5logD + 5log(R-g)+ |

+2. 5log,( L) —25.07 - (12.3)

SO 88

Now , mis expreesed as a function of aperture

D, and relative aperture %’ condcted with resolution

R. From Eq. (8) to (10) the:stellar rnagmtude is in
the general case obtained as: = -

COCL 50 85

which is defined by the sky br1 htness M ob-
Jective parameters F,L. Here, mcluded are the film
parametres Sp 1,590,385, ‘N and the atmOSpherlc dlS-

turbance - spreadlng of the image Cj.

Miim 7. M + 2,51og|(

]-25 07, (13)

1800. Here: My = M, + 5log D(mm).

The values obtained by apphcatlon of (13) are
1n excellent agreement with the observational results.
For example (Kopilov et all, 1979), the' Russian 6 m
teleskope is characterized by D = 6000 mm, F =

24000 mm, which for N = 400 mm™*", 2A = 1.3",
S04 = 0.8 gives: My, = M + 2. 9 -and finally:

Su a5

mz,m = 24. A similar value'ls obtained for the ESO
3,6 m teleskope. (Liaustsen, 1977, Shcheglov, 1980).

7. DISCUSSION

- The case when A > 6y Eq. (11.1)During
the time T? a stellar magnitude weaker than the sky

brightness can be reached if' A < 1”.. For the de-
veloping conditions commonly used ) m astronomlcal

practice (e. q. Brejdo, 1973) the ratio =2+ is not less

So 8s

13
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than 0,5 so that it is not difficult to obtain 1mages of
stars fainter than the brightness of the sky. (Figure
1!) In this figure the symbol M, denotes the quan-
tity: My = M + 2.5log(-§3-'-*-) + 1.50. The extreme

0,85
miagnitude range of the teleskope does not depend on
the objective parameters, but on the visibility condi-
tions and only partly on the essential property of the
photomaterial, the number of grains per area unit is
taken into account, but the criterion A > 4, has ex-
cluded its influence, as it has excluded the influence

of the geometrical parameters of the objective. (For-
mulae (4), (5), (6).) -
" The case when A < §;Equation (12.2) needs

no comment. However, it should be emphasized that . - 1actO : ana
' lization of the camera in the direction of the observed

E:L{ also contains the influence of the objective ra-

dius and geometrical aperture which can be seen 1n
(12.3). Since in astronomy % > 1, it follows that

5105[%5] > 0. The influence of the focal length,

which is dominant according to (12.2) and (13) ap-
pears with the same sign exactly in this term, but at

the same time it is related with the diameter of the
objective, and information capacity of the photoma-

terial. (Figure 2.) From it follows the comparison of

equations (12.2) and (11), that RF and z are phys-
ically equivalent quantities. (See also Figures 1 and

2.) It is indicated by the fact that after large values
of F only the contrast against the fog becomes im-

portant (Shcheglov, 1980, Brejdo, 1973 etc.), and it

is reciprocal to the ratio % .

In Figure 3 we see that for D = const the

function 510g(EDE) = fllog($)] has two nearly lin-

ear parts, that intersect for% ~ 9. That means that

the optimal aperture for a point like source is exactly
% = 9. The same result is obtained by the quan-

tum approach (e. q. Shcheglov, 1980) Othervise, -

the graph: my ;im = f(log F') has an almost likely
shape as in Figure 2. -

8. CONCLUSIONS

~ Independently of the equations for photogra-
phic gain of point like sources containing quantum

parameters, equivalent equation with parameters of

classical photographic sensitometry can be derived.
Both cases, A > g: and A < &,, are integrated into
same equation (8) for reached and equation (13) for
limiting stellar magnitude. Agreement of results for
this two approaches is satisfactory.

The photographic gain for point like sources
for classical approach is defined by objective diame-
ter D, aperture LF)- and information capacity (resolu-
tion) of the film or, what is equal, the focal length
F, objective’and film resolutions L and N, while it
practicaly does not depend on the photomaterial sen-

14

sitivity. It should be emphasized that this is the case

only when the extreme gain is in question. In
an actual case when the illumination time is shorter
than the limiting time of illumination, the photo-
1(rnaterial sensitivity and time of illumination appear.
Eq 8.) " L
In absence of the Earth’s atmosphere (for ex-
ample, an orbital or Lunar observatory). the range of
observed magnitudes of point like sources could be
considerably enlarged, since the condition A < 0,
can be fulfilled. As angular dimensions of object ap-
pear here with multiplyer 5, and in Baum’s quantum
approach with multiplyer 2,5 our equation predict a
greater magnitude gain. In that case the limiting
actors will be exposure time and accuracy of stabi-

objects.

Acknowledgments — The author ‘would like to express
his appreciation to Dr A. Kubicela for reading the
script and usefull discusion, and M. Obradovi¢ for
help in the preparation of the script. '

REFERENCES

Airy, G. B: 1835, Trans. Cambr. Phil. Soc., 5, 283.
Allen, C. W: 1977, Astrophysical quantities (§56),
Univ. of London, Athlone.

Altman, J. H: 1977, Ch. 17 in The Theory of the pho-

~1lographic-Process, Ed. T. H. James, MacMilan
Publ. Co. ' -
Baum, W. A: 1955, Trans. IAU, 9, 681.

Baum, W. A: 1962, Ch. I in Astronomical Tech-
- 'niques, Ed. A. Hiltner, Univ. Chicago Press.
Bemporad, A: 1921, Miit. Sternw. Heidelberg (Astr.
Inst.), 4; Wirtz, C, p. 250 in Astron. Han-

- ‘buch, Franksche Verlagshandlung, Stuttgart.

Born, M, Wolf, E: 1964, Principles of Optics, Perg-

amon Press. (§4. 8. 3 and §7. 6. 3)

Brejdo, I. I: 1973, Ch. IV in Kurs astrofiziki i zvezd-
noj astronomii, Tom I, Ed. A. A. Mikhailov,
Nauka, Moskva. -

Charlier, C. W. L: 1889, Ueber die Anwendung der
Sternphotographie zu Helligkeilsmessungen

- der Sterne, Publ. astr. Ges. XIX, Leipzig.

Gray, D: 1976, The Observation and Analysis of stel-

~ lar Photospheres, (Ch. 5), Univ. of Western
~ Ontario, J. Willey. |

Hartman, J: 1898, Astrophys. J., 8,218.

Kopilov, I. M, Korovyakovskij, Yu. P, Shabanov, M.
F: 1979, Novaya tekhnika v astronomii, 6, 17.

' Nauka, Moskva. '

Laustsen, S: 1977, Sky and Telesc., February, 97.

Mineur, H: 1934, Pholographie stelaire - mesure pho-
lographique des positions el des magnitudes

- des eloiles, Herman et Cie. Paris. |

Paetzold, H. K: 1953, Sterne, 29, 10. |

Schaeberle, J. M: 1898, PASP, 1, 51.

Scheiner, J: 1891, Astr. Nachr. 128, Nr 3064.



ON THE PHOTOGRAPHIC MAGNITUDE GAIN OF POINT-LIKE SOURCES

Shcheglov, P. V: 1980, Problem: optichesko) Zakaznov, N. P: 1981, Ch. XV in B. N. Begunov et

astronomiz, (p. 24) Nauka, Moskva all. Teoriya opticheskih sistem, Mashinostroe-
Tomié, A: 1981, VASIONA, 29, 75. - nie, Moskva.
Tommé, A: 1983, Astrofotografija, Univ. astr. dr.

Sarajevo _ '

O JOCTUI'HYTOJ ¢OTOI'PA®CKOJ MATHUTYIIU TAYKACTUX N3BOPA
A. Tomuh
Hapoona osncepeamopuja, Kanemezoan, I'oprsu epao 16, 11000 Beoepad, Jyeocaasuja

YIK 520.82.053
Opu2uHaaHu HAyuHu paod

[lonasehy on jenHadMHa 3a OCBETILEHOCT JIMKA  ja TPETHMPAHOT MNpobieMa 3a acTpoPH3MKY Kao HOTOM-
Y KMXM O0JEKTHBA, €KCTIOZMLIUJYy M OCETIBMBOCT (o-  eTpMjcka jeAMHMIA KopuiiheHa je 3pe3faHa BeJIMYMHA.
ToMaTepyjajia, u3BedcHe cy gopmyie 3a Hajcnabujy - IloGMjeHo je da 3a Taikacre M3BOpe JOCTHUIHYTa 3Be3-
OOCTUCHYTY W 3a TPAHUYHY BEIMYUHY MHTCHIUTETa  HaHa BeJIMIMHA BaH 3eMJpMHE aTMocfepe Moxe Mo-
TaikacTor M3Bopa. JYTUIa] aTMOCPEPCKMX YC/I0Ba je  pacTH BHLE HEro WTO ce OGUIHO CMATpa.

M3OBOJEH Ol yTHIIaja 00 jeKTHBa U puiiMa. 360r 3Haya-
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