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Abstract

Taking 1nto consideration of the atomospheric extinction, refrac-
tion, and scattermg, the formulae for the received intensities of
the night-sky light into a solid angle was introduced geometrically,
"where the luminescent layer assumes a geoconcentric spherical sur-
face of the uniform radiant intensity. An attempt was made to
-evaluate the height of the layer from the observed data with the
aid of these formuIae Fmally, chscussmg the general assumptions,
the authors propose possible geographic distributions of the radi-
ant intensities and the simultaneous observation to which the for-
mulae are apphcable

1. Introduction and General Assumptions - -

Comparing the observed intensities of the n1gh1:-sky light from the zenith and
the horizon, the altitude of the luminescent layer of the night-sky light has been
estimated by several authors, > The principle of their estimations is baced upon
the following fundamental assumptions:

(1) Disregarding the thickness of the layer, an average level may be only

taken into consideration, )
(2) The layer assumes a spherical surface, which is concentric with the earth.
(3) The radiant intensities may be distributed uniformly over the Whole surface
' of the layer. ;

The estimated values of the altitude of the layer, howevere, have been differ-
-ent one another within the range of 50~400 km above the sea level. To inves-
tigate the nature of these discrepancies-and the propriety of the general assump-
tions, the authors attempteéd to find whether or not the two values, which have
been obtained from the two ratios of the intensities of the monochromatic light
at three zenith distances, agree with each other.

2. Formulae for the Intensities of the Incident Light

In the unit area of the layer there are N particles, each of which radiates
énergy e. If ¢ and N are independent quantities of zenith distances, the radiant
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intensities Z=¢N are disrtibuted uniformly. But the inciderit intencities, which
come to a point on the earth’s surface, have siffered divergenéy and atmospheric
extinction before thier arrival, so they are functional quantities of zenith distnces.

Zenith In Fig.1 the zenith angle of the axial direc-
Cup-Shaped 7&*{ tion and the angular aperture of the condens-
Section __P_ ST - er cone aré L ZOA=:z and ~ MON=20 res--
h pectively. The section of the cone by the
o Observati on. 12Ver, which is cup-shaped, is divided into
__O\Point elementary bands according to the zenith
distances¢.After geometrical consideration the
AR ~arclength 1 is found in the form of the expres-
: Eamhs < sion :
B c Centr'e ' ' »
B o cos:/—Ccos 2 COS &Y -
. = -1 < n
Flg ‘1 S _ 1 Zschos ( ~Sinzsing )’ ,

then the elementary solid angle and area are respectzvely

: - dQ=id¢ and  dA=rs*secad 2, e
where r is the linear distanice OP of an elementaly band and a is its geocentric
parallax, and further the facter seca has the well-known expression’ in' terms of
the earth’s radius- CO=R and the altitude of the layer above: the earth’s surface
OZ=n, namely ) . :

 seca=(R+h) W(R+h)2 (Bsin 0)°.
The lvmmeecent energy EdA radzated from an elementary band is redL.ced

‘ tEd
to E dA/ (4 mz) dLe to d1vergency and ‘then to —4—‘1 due to atmospherlc extinc- -

tion,; where p-is the transmission coefflclent in the zenith: and 7 is the reducing-
fraction from the zenith to a certain zemth distance generally expressed in the
-'form @) T= pF(C) 1 and . . . .

- F(&)=j, sec C———secCtan2C+—3— ——sec Ctanc—'

The 1ntens1ty of 1n01dent energy dI thch comes from an elernentary band
‘therefore, becomes » o e
S ar= pz-EdA/(4n:92), , _
and these dar - should be integrated over all the bands in ‘the cup- shaped section,
if the.intensity. of the whole incident energy:T Whlch is received directly by-the.

«condenser corn is to be obtained.. We may call I merely the- incident 1ntens1ty
.and can obtatn its formulae as follows: .in the case of z>>6,

pE T o(R+R)SING: COSs 0=-CO0S 2 COS¢&
I="%5— y
2r 5,_5 V(R+h)-—(Rs1nc)2 " cos” ( sinzsing )d‘:’

and in- the case of 2=0, -similatly.

L 27on - t(R+h)sine
T2 o1/(R—!—k)~—(RsmC)'

d’.
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3. Effects of the Astronomical Refraction

One of the effects of the astronomical refraction concerns the atmosphenc extinc-
‘tion, _and the general formula for the extinction is expressed taking the refraction
4into consideration.. ! . .

Another part has a roéle to dlstort the condenser cone, accordmgly the boundary
of the cup-shared section suffers the transformation. While the lights of the stars
come from an almost infinite distance, the rays of the night-sky start from the
-points Wh1ch are the 1ntersect1ons of the rays with the layer and Whose distances
are finite. Say the astrononucal refraction angle of a star, whose true zenith
distance is ¢, is %, its refracted ray intersects the layer at a point, whose appar-
.ent zenith distance is ¢k, where k-should be the comphcated functlon of ¢ and
1> k> 0. Taking this into account angular quantities in I should be transformed,
$ay ¢ > ¢+ ky and the cm:vlar boundary of the cvp—shaped sectlon shovld be dis-
torted into an oval or egg-shap° ’

- Compairing the angular accurac;,es in the present observations, the effects of
the astronomical refractions, Wthh dose not- exceed 3’ may ‘be negligible at any
rate in our calcurations. R ' - L

4. Formulae for the Intensities of the Scattered nght

The ‘observed 1ntenc1t1es of the mght—sky hght comprise the scattered 1ntenc1t1es
as well as the incident 1ntenc1tzes then we attempt to find the formulae for the
-scattered intersities without regard to the refraction and the second scattering. In
Fig.2 referring to the scattering point D the linear ‘distance, the zenith distance
and azimuth of the radiating point A'are denoted, - §, ‘£ and. ¢ respectively, i. e
§=AD and &=,/ YDA, ‘At A e‘ernentary erea on. the layer, wh1ch is cut 1nto
section by d¢ and d¢, becomes o

d0=s2de d¢/‘/1 ( gi‘,’; smE)

Radlatmg Y Zenith-Point
Point VA

where R is earth’s radius, k and » are respec-
t1ve1y the altitudes of . the po1nts A and D
above the earth’s surface.

EdC, theradiant energy of dC, is fractioni-
zed -into ' o

bservation
P01 nt

-—a

when it gets to D The factor e"" is derzved from the extlnctzon, and 1f O = §S90°
then

ad_/

o= :: ads— f \/ gij smg)

190°% < & < Emar = YDA =sin (

and if

R+a: )
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then a= K _ads*Z«:S s dy+x5 ., dy.
. . "A'D Zy - X

In th1s expression, & is the .so-called absorption coeficient, ¢ ’che density-.of a
certain absorbing layer B, y the a1t1tude at B, and z,=FEL the lowest altitude on
‘the line A'D,. namelv R ‘ Coe
" ' : %=(R+%)sm$ ~R.

AtD each molecule scatters the ‘inciderit lights which- .come from A, and sends
the scattéred lights to the observation point O." Accordmg to the Raylev gh'’s law
the mtensﬁy ratio & is calculated with the formula :

o= 2T2<E Eo>21+cosz¢ 6+3p
e S Z =Ty

Where T, A T s, o> and p are “the Well-known notatmns, and tis the linear dis-
tance between D and O, namely the posmve root of the equation
(R+fc)2~—R~+t2+2 Rt cos ¢, )

and further ¢ is the angle between AD ‘and DO Wh1ch we. should be able to find
in space geometry taking the earth’s centre C as the or1g1n and CD as the vert1-
cal axis.

An unit volume of the scattering layer contazns n molecules of a certain kind, then
there are ndV molecules of it in the elementary volume av at D, and

dV~t2d.de/\/1 R+ smC)

where the ‘elementary solid angle d2 is.the same as in the sectlon 2 v
The scattered lights which start from D also suffer the atmospheric ext1nc~
tion on the way to O fractionized by the factor e ~o, where

o de

héx 5566 dt =’nJ: ‘/1+(——sm§)

\ R+

As a whole the intensity of the scattered light 8 which éomes into the condens-
er cone is fromulated by the integration, whose integrand is =~

In
4 s?

e~ 5. d0dV,

and integfatlon intervals of the variables are [0, 2], [0, & nax], [0, »]and Lz—0,
z+67] as to ¢, & = and ¢ respectively. Summation as to 7, E,‘p and » should be
finally.calculated according to the kinds of molecules Whlch compose the earth’s
"atmosphere. : : SRR :

5. Observational Data and Evaluation of the Altitude
The observed intensity J should be the sum of the incident intensity I and
the scattered intensity S. Given the values of 6, 2, 7 and h, we can evaluate the
integration part H in the formula of I, while on the other hand the fourfold
integral of S may require extrémely laborious calculations to-evaluate, Then we
put :
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I=pEH, I,=pkH,
and approximately
S=qk, H,, So=q, ¥, H,,
where the suffixes refer to zenith distances. To eliminate the radiant intensities

E which have not been observed directly, we take the ratios

L _EH 4 L _ pEH+qE H
Ty~ Eo.H, 3T T, T pE,HOtq EoHo’

I/I, is accordingly reduced from J/J,, i.e.

L (1o NI g
I, ~ (1+’ )Io P’
We are indebted to Dr M. Huruhata at Department of Astronomy, Umvers1ty
of Tokyo for the observational data, which are '
0=11°, 2=0°, 54° 17/ and 70°,
) )
2=b577TA (the auroral line of oxygen atoms).
For the light of this wave length we may adopt the extrapolated value by the
observations at Mt. Wilson Observatory, ® 4, ¢. p=0.742, and we dare take the
roughly interpolated values of ¢s by Dufay’s® and Gauzit's ® calculations as

follows : ¢o=0.036, ¢=0.096 and 0.107 for ¢=0°, 54° 17/ and 70° respectyvely.
Values of Jo, Jss and Jqo observed 20

. . —l!
by Huruhata have "been reduced into 180l %4 9__f_°[;§i° En
Isi/Io and In/Ie, -and plotted in Fig. 3. =4 ™) 144 T4
. . a, 40
In the period from June 9. to July 8. 160 \ \: T ;]2
1948 the mean values have been ” /| v/;lﬂ/ L | s
: ]2 - piwa, H B o
Ts4/To=1.34 and I7o/Io=1.51. RS TN .5[1',9.[?20 g
On the other hand using the table |- | | lo % NI&/I:J '[ T |
of F(¢&), the theoritical values of Hs ]'Ooz‘ohﬂhzzhzghoh 1" : 2|h22h23h0h ™ 20}.2]5[2;.
are introduced by numerical integrations 13 Vo ‘ Vit 1948 .
of the fomulae, and the caluculated val- Fig. 3

ues of Hs/Ho and Hqo/H, are plotted against the assumed values of the altltude of
the layer in Fig.4.

If the distributions of the radiant intensities- £ are uniform over the layer, i.e.
E=FEs=E, (Assumption(3)), then it becomes
I54/Io—H54/Ho and I7o/Io—-H70/H0>
and if the layer assumes a geo-concentric spherical surface (Assumpt1on (2)), then
I 54/I o and I/I, should snnultaneously find the same value of I3 in Flg 4
‘ The estlmated values of », however, have been '
h=80m for Isu/Io=1.34
and  A=20m for I7/Io=1.5]1,
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furthermore the occasional values of I/I, sometimes lead to absurd values of &,
say »h<0.
- It seems to us that thes= discrepancies and self-contradictions are due to the
fundamental assumptions. ‘ -

6. Geographlcal Dlstrlbutlon and Hourly Varlatlon of the Radlant
Intensities v
Setting aside the assumption (3) but not (2) and (1), we are able to estimate

the geographical d1str1but10ns of the radiant 1ntenS1t1es E in the cases of any
alt1tudes h.

When a certain altitude of the layer is taken, the corresponding ratios Hy/H,
and Hj/H, are found in Fig. 4, then Hu/Bo=(I5/Le)(Ho/Hs) and Eq/Ee= (I
/T o)(Ho/Hq) are estimatd. When the observed directions are all .in the meridian,
the geocentric latltude @¢ of the observed point P in the Fig.1 is calculated by
the equat1on .

: . R sin &
L ZCPZS"C—%:C‘—a:C-—Sm“R—:_hC“,
where ¢;=35%43’ is the geocentric latitude of ’thevobservation»‘point-O, and the
linear distance of the observed point from the zenith Z is

ZP=(R+h)(C—a).
_ Thus in Fig.5 we may show the geographmal d1st1but10ns of E’/E’o accordmg to
the several assumed h :

Hourly varlatlons of E/E, are similar to those of I/I, prov1ded that the scale

values are changed in the relation of %ZIZIO IL(, So we may use the curve of

as the curve of E/E, inserting the proper scales.
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7.V Discussion and Acknowledgments

Another estimating method or the direct observation on distributions of E/E,
is expected to decide the altitude of the layer, though it might vary from day to
day. ‘ R : ' ) ‘

If the fundamental assumption (2) besides (3) breaks down, we propose that a
certain point on the layer should be observed simultanzously at several positions
on ‘the earth’s surface. In this case it may not be meaningless to notice that first
the observed point should be strictly identified from the three observation places or
more, as the luminescent layer is an extended object, second the aperture of the
condenser cone should not be too large, as the layer may be bent. On these proce-
dures the formulae introduced above may become more valib.

The authors wish to acknowledge their indebtedness to Prof. Y. Hagibara, who
recomended one of them for menbership of the Research Committee for Ionosphere
and gave him a chance to invéstigate the riight-sk'y light. The author’s thanks
are also due to Dr, M. Huruhata for his kind offer of the observational data and
the valuable discussions. ‘
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