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ON THE NEW YORMULA OF THE INTEHSIT! OF RADJATION AND NEW CHARACTERISTICS
OF THF. TRANSPARENCY CF THZ AIR
by
Xh. Myurx
In actinometry there are used various formulas for determining the di-
rect radiation of ﬁha sun in ihe case of atmosphere of invariuble tran.par-‘
ency.

Some of these formulas were obtuined empivically, and eome of them theo-
retically,

In the latter case one starts generally with the weakening of the mono-
chromatic radiation in the atmosphere, The intenwity, however, of the
1ntegrh1 radiation ig found by the monochromatic radiation.

In the present report the author derives a formula of the intensity of
the intégrnl radiation somewhat differently, numely, assuming that the coeffi-
cient of the weakening of the integrLl rndiation.’with invariable transpar-
ency of the atmosvhere, is a function of the number of rnasses m. After deter-
mining the suitable conditions rolative to the weakening of the integral rae
diation it was vossibdle to derive a formula of intensity sufficiently well
in agreement with actuality., This formuls contains a magnitude almost inde-
pendent of m, which one can make use of as 2 new characteristic of the at-
nosphere, .

let the coefficient of the weakening of the integral radiation of the
sun 1n‘the atmoaphere be k, whereby k corresvonds to a certain unit of the
number of masses. By assuming that k under invar/adle transparency depends
on the number of masses m one cua urgtoiﬁho equation for the in‘egral radiation:

éSm—k(mSim. .- @

By integrating this equation 1£ accordance with Q within”tﬁe limits
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» . .
from my to m, we obtain 5-"'5‘--‘"“’["5""‘)""]" @
‘e . - . .‘ ' : ' i

On the other hand it is known that the 1nteniity é! the integral radia-
tion.,under invariable transpuarency is expressed by the intensity cf the mono-
chromatic radiation in the following fuhion .

S -ISN exp(= kym)da., ' ®) ‘
vhere So.)‘ represento, as corrnpondl to the length of thc; win A, ihe inten~ .
sity of the radiation on the uvper boundary of the atmosphere, and k) is the
coefficient of weakening correnponding‘to the length of the wave 2.
From tre ecuationo (2) and (3) we obtain* ‘
S..,exp[ Sk(y)d}t] 5SMcxp(—-k‘m)dl. (32)
Yor dotomining k(m) we vill dir!orentiute this expression in accord-

dance with m:

'-—$~exp[-j'ku)dy]k<m)——'Ykgsmxp(_»,m)u: o)

Hence ' ,
Ia;suup\-hﬂ)ﬂ

k (m) - ) ':

Isuup(-l;u)‘l ‘

m™he equation (L) determines the devendence of k on m in invariable trane-

varency. Hence it is possidle to draw some conclusions:

1. If k) = const, i, e., the weakening of the radiation is notselective,
then the coefficient of t';le weukening of the integral radiation of the inte-
gral radiation k(m) = const, Under selective absorption mnd dispersion
the coefficient of wenkening of the integral rndiation k depends on m.

COn-equonply the assumvtion made in the derivation of the formula (1)
trat kx devends on m is correct. A

2. In accordance with the formula (4) k(m) are Jdetermined by 85,2 and
k 1. An a result of the fact that the denendence of 8, 5 und kw,\ on Ais

composite, in the determination of k(m) we come up against great difficulties.

In taking the formula (4) it is neressary to have rascourse to great -_im-
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plifications relative to SO'A and k), as a result of which the're is basise
for doubt as to the correspondence of the results of the calculation vitl.x
actuality.

In this report in determining kim), vroceeding from the indicated assump-
tions, there is derived the corresponding exvression for k(m) and found the
corresponding formula o:-" the intensity of direct radiationm. In comparing
the results of the computations by this formula with the actually measured
intensities one can judge as to the agreement of the assumption made with
the actual Zacts.

Let us introduce the following assumptions relative to the earth's at-
mosvhere from the voint of view of the weakening of the radiation:

1. The atmosvhere consists of layers in which the amount of substance
weakening radiation in the norizontal direction is constant, a'nd

2. ‘in the indicated layers the amount of substance weakening rzdiation
does not change in the course of the veriod under consideration, for oxa@le.
e day. This condition is 1dentical with the requirement of the invariable
traneparency of the atmosphere, .

In considering the real atmosphere from the point of view of the con~
ditions mentioned one should note that the air layers which are next t;o the
surface of the earth contaln some kind of a substance which weakens the ra-
diation ununiformly. Thie circumstance affects the weakening of the radi;-
ation in proportion as the path of the beam in the layer under consideration
is greater aud as the gradient of the amount of substance weakening the ra-
diation is greater, The first devends on the thickneer of the layer and
on the heigxt' of the sun, the second, however, on the homogeneity of the
s0il and on local factors.

Over a more or less uniformly covered surface in the absence of sources

of smoke or dust with the sun as high as vossidle, one may consider that the
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alr layer next to the earth's crust wenkens the radiation uniformly.

With the incrense in the height the effect of the soll and locnd factors
decreaces, undift the same time the gradient of the substance which weakens
the radiation of the air layers remuins more uniform.

With regard to another conditlon, under certain conditions of the weathfr
in the courge J! a short interval of time one can aleo consider the transpar-
ency of the atmosvhere ag constant.

T et

In conclueion one may say that

— e v~

in real atmoerhere uncder cerinin situ-
ations the above-mentioned conditions

are observed.

With the number of massecs m let

Pig. 1. TFor deriving the formula oY

the coefficiwnt of the weakening of
intensity of direct solar radiation (16)

the integrul radiation ;n the layer
under consicderation be k,, and the nunber of maale; with the lowering of the
height of the sun be 1ncrena¢d to the magnitude dm. Since k; devends on m
it aleo changes by some vzlua dk,. Let us saseume that the decreucve in the
coefficient of weakening is vroportional to the relative incrcase in the

number of masses %? (Fig. 1),

dhym— B2, ®)
Iin that case : :

where By is a magnitude not devendent on m,

By integrating the latter expression in accordance with m we will get:

&.——B.inm-{-c.. ) - ‘ (6)

Cne can determine the constant integration of ~; from the conditions

withm = 1 let us take Xy = Ay. In tkat case .
‘ k,-A,—-B.Inm. . oo (1)

.o

If the atmosphere consists of n layers the coefficient of wenkening of
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the whnle atmosvhere v .
k(m)-Zk;=2Aa—-(EB: nm.. )
=1 = T
By designating . : _ UL)

' ZA:=A|| 28.‘-3- T
c "=t

we get: . - .
k(m) =A—Binm. - 10

By sudbstuting in the formula (2) instead of }_c_(g) the resvective expression
from the formula (8) we get: .
SumS. exp[ S(A Blnm)dm] @)

By verformirg the integration in the exnonent l.nd designating

- ““"’-c-. Y i )
wve get: ;

ay -

S.-s a2 ". .}

This formula is noticesdly simplified 17 ve take m = 1:
’ Y Sa=Sia™ime a2
or
("‘ mey. . (13).

By comparing the formula (12) with Bouguer' formula

. . Sa=Sop®, . (ui
ve see that .
§.-:=So; H a. !n’=p.. ) '(15);

By taking m = 1 we reveal the vhyeical essence of ay; then a3 = p3, 1. e.,
a) i» the coefficient of the traneparency of the air withm= 1.

Keeving in mind the latter one may write the formula (13) in the fol-

lowing fom:. * SuwxSepy mdm, .(16)

The formula found contains $wo unknowns, ©] and B, for the finding of
which one chould determine the value of the intensity for two numbers of

masses, For facilitating the computations by the formula (i6) a corre-
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sponding nomogram has been prepared [ 1_J. The validity of the formula (16)
has been checked on the basis of the data of S. I. Sivkov / 2_/® and Sh. M,
Chkhajdze L-jj’. The results ot the computations are ziven in the tables
1l and 2.
Tabdble 1
Deviations of the inteneity computed by the formula (16) from

Sivkovis figures

- y _— Cpex-
. -
“p . . nee(®)
1w | s 2 | 3 | 4| s |8 | e

060 | —0010] 0.009! 0.013| —0.013|—0.009| - 0.602| 0.001| =
065 | —0021] —0.001 | 0.011} —0.002| —0003| —0.002| 0.004| = 0.006
0.70 | —0.012) 0006 | 0.0131|-—0.003;: —0.012| —0.003] 0.002| = 0.007
078 | —0.012| 0009 | 0003| —0.003| —0.009] — 0.004| 0.003] = )
0.80 [ —0010{ 0.007 | _0.002{ --0.003] —0.005| —0.003| 0.001 | == 0.004
0.5 -0-04!1~ 0005 | —0.007 | . 0.000{ —0.002| 0.004] 0.000| = 0.004

Fey: (a) annce-demti'on.

. Tadble 2 b
Deviations of the intensity computed by the formula (16) from

Chkhaidze's figures

. . - - Cpea- .
, : | wee -
1.0 15 20 25 30 35 49
- zeune
P | 0005 0000 o.ooo! 0.000 | 0.002 | 0.000 | 0008 = c003

pe| 0005 | 0000! 0000 —.002| 0000 | 0000 | 0-00d = 0002
7 |—0.002 |—0.006 | —0.04 | 2.000 | 0.003 | 0.000 | 0.008 =0.003
- pe | —0002 [—0.003 —-o.oozl J.003 | 0.003 | 0.000 -'o.ooal‘:o.ooa

The value B whi;:h c.le.pends on thé transparen.cy of the atmosphere, and
deterrinable by the formula (16) can be used as a new characteristic of the
atmoephere. The physical value B ie apvarent from the formula (5). P ehowse
the decrease in the coeff.icient of weakening k 1if the relative change in
the number of masses 9.?; s 1,

By comparing B of the real atmosphere with B* of the ideal atmogphere

"Translator's note: The text has the references numbered incorrectly.
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one can determine the new churacterietic ot transparency v = %.. (17)

More detniled data relative to 3 are given in the article by the
author L-ZJ. °
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