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‘ Egypt, near the Trcp:nc of Cancer, are especia:lly i‘avorable due no*h Ories ;‘

snnset, and in its eastern part shortly before dawne Here: the evem.ng f

7 ona’ d the same phenom@non. ‘During the auuumnal sea.son, “the mom:mg :

) Can be observed up to the least possille anmlar distances from the Sun,
- ik then appears exceed:mgly bripht > in striking contre.s’c to thtz c:cmpma-
o B ‘tively weak evening Zodiacal :L:Lght as it spreada along the ec’l.ip’on.c

o ﬂtmngly inclined to the horizons |

& '-arrying out of visua.l polarimetric observations of thls phenomencn. §

and morrung 'zod.lacal lights are obgerved undez entirely differen’t conw

At onq, although in essence they represent. bub d.ifferent aspect.s of ‘

leodiacal. lig‘rrt is oriented normally toward thf* horizon and therefore ¥
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[ Follown.rg is t.he tra.ns’*ation of gel ez\,,‘oed ar="
ticles by various authors in Izvestiya Astrow
fizicheskogo Instibuts AN Kaz8SR (News of the
- Astrophysical Institube of the Acadamy of
pnimces of the Kaza h SSR} vol I, w0es, 7
L Mo 190
POLARIZATION Oﬁ‘ THE ZODIACAL LIGHT AS ORSERVED IN BﬂYPT
: (ASSUAN, OCTOBER O NOVAMBER 1957)

PPB-’-? o o . By V.G Feqe’xkov

-

U Photometric o‘asnrva‘t,wns of t.he zodiacal - lig,ht in sw’ohem

ly to the exclusively clear and almost permm erbly cloud193° sky, but

aJ_so to the fact that the observa‘emns can be carrn.ed out twice dumng

: :the same night, is€sy in the western part of the ecl:i.ptw shor‘b'ty af‘ter o

1,

- The great brightness of the eastern zodiacal llght facilitates the

Dur visual binocular ‘photometer /1/ was mounted in a manner to enable;




i

iis belng 9431ly fixad on any desired level convenient to the observer. |
It is eoulpped with . an horlzoﬁtal and a ?ertmcal circle having catches‘
at 1ntervals of lO o 1t was pasqlble to adgust the startlng pesiiiﬁr
of the hcrlzontal cwrcle in reiathon ta Polarms, the exact pos1t10ﬁ 0f 
the vertlcal cxrwie was fiyeﬁ at the ntart of the 0bswrvatlong accord—
ing to the level chosmn. | v | | |
For the polaeretrlc observatlons, the 1itﬁle Obje"LlVP 1ensae 0f 
the phctomnter were remeved and polaroid plates 1nwerted 1nﬁaead. Lat-'
ters! posit tion was adjustedin proper relation to the vartical‘ To this
end, we used an auxxllary rentannular plate cut out ‘rmw a slmilar po» '
"1arozd polyvmnvL f;lm in cuch 8 manner tha the polarlzatlon 1n‘tn¢ |
lplatP was directed parallel to 1ts Jonge st Sidea':vu‘
In order ta adjuat the polarnlds a# the qbgecﬁwi end of thﬂ pHoQ
; tometar; the aux111ary polarald plate was fixed VE”tLCquj in- saeh a -
f’manner that the dlreﬁtlon of the lbng eide of the. rectaane c01n01d¢d _
mntn the dlrectzon of the plumb line; next, each po¢aromé at the ob-
jective end Was rotated until the field of vzew reached maxnmum obSﬂuw_
irity, showing that at the given posxtmon of thﬁ objectxve pm]aroids
' ‘tHe1r planes of polarlzatloﬁ col nc*ded with the vertlﬂal. Naturallv, 8
.setun of this kind is rather cumbersome at nighttlme because o* the ge» ‘
neral dimness of the heavens, ihms made it necessary to uqe a flasha: 
llight during the time before sta"tlna polarlmetrlﬁ GbSPTV&ﬁ?Oﬁ“ of theﬁ

vmnrﬁlng zadlaﬁal llght. Adgustment cf the polar01ds before our nlghtly"

observations was effected ;n the twilight whi ich p”cved brlght enough i




for ‘ohis purpcmes e » ,

Upon debemining th? .m:u.t:d orieﬂtaf ion o1 the polaroid@ as abm.e 13
described, the measurements were pev-famed at successive 'bume piven 1
bo the ‘polaroids by steps of 60°m the eomt»rcloch«riee dn.rec’cion. The .

“lserdes of brightness measurama‘xhs of a chosen point in the zachaaal

| ping with ‘the gterting psition inw.cated above, :i.s aufficient ’co calcum
Late the degree of pole.rizam.on P and its angle f oriantation ¢, by

Neing tbe conve%ibnal formulae:"“_ |

R ,,..éVith""h)+1,(1,...13).,*.]3”3__1‘} A(L;,)
bnd = TTThA kR

| o tha-‘Vq 211 iz“‘l:

o that, is, in this case from the vertical line, | )
‘ Obviously, the maa.sument« ‘to determine’ ‘c.he polamzatn,on may be g
perfomed in pure]y relatlve 'tmit Se The need for st.andarization arises"
only whm we set ourselves the tagk to take account ‘of sueh foreign

. sources of light as may be auperposed on the zodiseal lighta However,
3 t.h:is problem is related t.o t.ne more general problem of the reduction of

En photometric observations of the zod.i.acal light and will be examined by
‘fjus in detail later ot o T DU Rl e e

light s ob‘oained at three corwef*utwe positi&ps of thc polaroid, bag:m—- : o

p where the a.ng]a d- is comnted from the starting psotion ci’ ’ohe polaroidﬂ,




'fhe Pmtmetric Sca.la

In our binowlar phc}" cmeter which we were using in Fg;mb ‘bhw pho‘c.o-

metmc seale was deteminecl b& the motion of a: mdgﬂ cf a}.mmt n%t yal,

propertles. The ligh'h from a small electmc bu.’!b car, as :i.n the caae of

our cbservations in Egy;;b, frm & ,Lumﬂnaphor ‘of stemy lzmineacmce,
‘passes thraugh a small lena and ‘iﬁ cmwez'ted into a penc:‘z.l of parallal
vrays, which is then halved by means of a systm of two rec:tangulax |
iésms of tatal reflect:wn, The twc: rabher ‘broad penczls ob‘oajm:d ave -

Hirected inside the wisor. tv.:bes of 'bhe binocular photomester aml am 10 |

{lected into both eyes of the observer by means of two mn.rrore mounted .‘

pt an engle of 550 at 2 da.afta,nce of 12 ‘e from the eye-pﬁ.eses. The |
; 3anentation of the recta.ngular pmisms ard reflecting mr:mrs is =0 cha-—»
i gen as to engure maceimon m.fcmty of the reﬂected pezm:x.ls of rays .

areas in the .fmm of v.wzw of ‘she matmman’c repres

en the cempamb}.e
pent umfemly lighted squares having an a,pparerrh size af appmﬁmately : ‘j'
30 When observed with ‘mth eyes, these areas of comparﬁ.aon comibine to (
£ the £i61d of v.’:.em B

Form a single area s:tt.uated fm the cemex- o

The phcbcmetric wedge wag fﬂ.rs‘b imresh:.gated as far ba.ck as in

119 ka8 is clescribed in the book emm.ea ﬂneteonc Ma.tter :m Iﬁher—

et /2/s In this research, the photqne’c.mc wedge was mt
andt}'ted m a laborator y

plane‘bary Spac
dianantled at all, the investigation be:mg ¢

under ordinary working conditions s wit.h the a.id of an additional opbi-

cal attachmenb. Another invesbigati on of ‘the said wedg,e waa made :m .

’ 11957 shsrbly bafore the expedition left for Egnx The wedge was taken
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- which shines ¥ ’oh a stear‘w hghu., Tra.;slator :§ note,

for stoy ANOEO devs’omya" (lumnfsnhor of ccm,.,i'ari actmn), 1*&

3

s de Cl‘led else'wher\, in tmn cc:l" ection ag & A umrfy, in w},j ch

the actn.ve sm*i’ace 16 cog ved wi‘rh 8 (pho.;phorescpnt) su“,nr-ce |

e

ue imw-n % tem for th:« a.rtn f'wial llght soare :ia “”Lum ro«
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pff and examined aeparai;elf by means of a selfnrecozdin;? Ivﬁ?‘«-h micmpho-
vometer in the labomtery of Lh@ Agbrop%wsical Lwh:i.tu‘te of ’che Ae&dmy
i Sc:,enc@o the Kam &:SRQ 1t should be noted that in the f:s.mt mve%:r
F&tion the zem paint Qf the scale WaE detemirxefi merely by a gwp fm '
‘bhe photometer mom'zting pxwemting & m‘v"ther advmca of 'bhe mzdgee A’e

Lhe second mvestigatian, the wedge eﬁd in its tmspamm, pam; was m-»

ken as the gero point. This i@ffe?enc@ in mro—-pﬁirxiz fiw&;mm had t0 be
l.a.kan int,o accaun’e when compamng the revalta-z of the tmo invas‘o Lgat.:t.ons.

The curves for the wedge scule :in yellow and blue mys differ

: d:mg to the maximmn sanai“biv:s.‘by of the &Vse

| Comparisen of the l%'? {possibly 194k, clrs above, 'Iranal., ncm) |
and 1957 curves shows -bha.t thay can easily be made to ca:incida, if the
v zero points a.re adjusted in & qpecif:.c maannr, n@tably, if thev are
shifted by Lok wm relative to each other. The tma mean.mg, ‘of th@se :

. sh}.f‘os jis ea.s:.ly esbabl:.shed fm the follwzmg marmem o starh with,
“[the photcmeter wedge 1o tu:meti up to uhe abop and its pesi:bitm :i.s maré
ked on the reccrding tape comected w:.t.h i'bs maunt:mgﬁ Ee:zrb,, t‘me wedge
‘s s0 & djusted that its edge (wmch was taken as zero point :m the se-

" jeond imesuigation) passes exactly through the middle of the ares of

vely, was found for the righ‘bwhand and 1ei‘t,—hand tubeao '.f.‘ne averave

’sligb;tly fron each cther, the 1at.t.er cnrve be:’mg somevmat gteepe 3’1‘0 Haw
ever, this d,iffa rence is inappmci&ble andy accordﬁnt,l,f; an average cur

Ive wAY reliably be abtained' this wm;.ld rela'oe tc: green rays, carresponux

: canpazﬁ.sm. In th:s.a case, a displacement af 3&3 mm and Beb :nm9 respectn .

R o
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displacemsnt of the wedge end from the stop thus amonnted to tnh m, B
: that is, exactly as pr‘evi&usly found by way Gi‘ sﬁ@pie adjustmmt of
. the ’c.wfo photcanetric' scalsa’, However, an uﬁéxpecte& ciz"cwnstance ennerg‘en#

o here, nmnely: the zero pamts for the tWo v:i.scr t,ubes, c@mespcmhng

‘fus check on w‘he’ohpr this :La aph to introduce any systematic errors in o

o theae measuremerxbs.

3 mined by the stop on the wedge mcmting, we hm*e ’c.he foillowing brigh‘b-‘

 Iness valueawemesaed in certain relative Lmﬁ'.s:

RS S=30 mm 2.8 33,3mm 356 mm
b e e 30 2,760 0 34,30 0 366

' 32 2,64 35,3 . 31,6

.33 - .2,53 36,3 38,6

34 2,41 37,3 " 39,6 7

21;30 . 33,3 40,6 ‘

- usecl in these obsemtions, The readlngs stated :m colmma 3 and 1;, rs--
late to the right a.nd lei‘t eye, resbectively, at a. zero point coﬁncidi%
Iwith the bright end of the wedge. R TR

| brightnesses:

to the r:lght and left eye, da not coimic’a; but d.:x.verge by 243 mm. Le'b" o

Suppoaa, for example, tha‘l:. for & meries of scale rea.dings, d.e*tmxu

‘I‘he z2ero poirrt s@‘o i‘ort.h m the ﬁ.rst coltmn :I.s the one actua.lly

For scsle readinga mmical for both eyea we have the follmﬁng




“Right ~Left - 5.&§erage Former

&ye  eye scale
$=36mm 2,5 2,83 2,90 . D8
31 2.45 271 258 287
38 233 260 . .46 - 2.46

" As is sean, the a:\re"age of the readmgs fcr ghe lei‘t and right
eye exactly coincides wt,h that obtained when using the ccmetmnal
working scale bassd on t.he srupport of the -wedg,e mount:x.ng, ‘I’hzs :i.s clear-
|1y seen by comparison with the yalues given in ~bhe last oolwmu G e
A similar sa‘clsfactory agreanent is ebtained even for the tranau-

{appreciably from the 1inear ones Thus s e‘ge » WS obtam in the same

ting from § - 16 ms

Right Left Former

* position of the wedge were the same for both eyes. Henee :.t is seen

parent fran‘c. ez.d of the wed,ge » where the mevment of the sczals« d;x.ffera |

{way the inderncted values fcr the transparemt part. of tha wedgej m;ar- :

. eye eye A‘V@i‘&ga - “scale
- S=16mm . 571 5,84 577 5,80
.o T 560 . - 5,80 5.70 5713
18 5,45 " 5,4 . 5.80 562
19 8,27 5,64 - 5,46 - 5,47
-2 05,09 - 55 5,30 - 52
21 491 5,33 S 8,12 5.1t
2 4,72 5,15 4,94 493
23 4.53 4,96 4.74 4.7
24 4.4 4,77 - 4.56 4,58
25 . 4,16 4,58 4,37 4,36 :
The la.at coltmn p‘esmte the sca]e rea,dings in the ca.sa 11‘ the ’

L]
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‘ t.hat :Lf the obs»we.tione sta.rl: at a value of 8 & 16 mm‘., the abczvmen«-»

' ‘ tioned slight divrargencs for beth eyes is of no consaquence wm‘* saewer.'

For the polarizsmon measuremmts we require only. ralat:we intemitiea

L a:!; th:ree consaehtlve poqn.tion r:f the pol aroide In vipw of ‘bhi% M we do

nect expound here the standar:,zahiﬂn me*imds applied bv e However, ta»-

tru]ated below is our f:mal sca.]e of the b:mor‘ular photcm@ter, expressed

{in sbsolute units. As the unit of brightness is talen t.hat of a sta.r oi‘

|the 5th magnitude within a square of 1 degree of arce |

- Photometric Scale | T
s “f o S f‘:‘

S J I | o
15nn 10,72 30mm 65 45mm 333 60 mm 1,79
16 10.67 31 6,22 46 320 61 1,7l
17 18,55 32 5,96 A7 3,01 62 1.62
18 16037 - 1 5,70 48 2,48 083 188 o o
19 10,10 34 . 5,4 49 2.81 6t . 1 54 ‘
20 - 68 - 3% . 520 50 - 2,70 - 165 1,47
21 948 ¥ @ 499 - 51 258 oo 66 1,42
2 915 37 476 & 245 67 - 1.3
22 8,78 38 456 53 2,35 - 68 1,31
24 8,49 39 4,33 8 2,27 69 1%
25 %00 . 40 4,14 55 2,18 70 1.23
96 112 0 AL 3.8 e 2.0 71 17
27 7.4 42 3,85 57 o201 7% 1.2
-8 7,08 43 3.65 58 1.93 ™ 1,07
D 6.77 44 348 50 1.86 74 1.0
30 6,50 45 3.33 0,98

60 ‘170 ‘75‘

Under the condltions indicated above the deteminat;.on of polari«-‘
zation represents qpite a s:lmple photometric problem, The only diffiu

: cult.y in the case of a nsua'l_ photcmeter consists in the a‘Light lumi-

nous intenaity of the mght aky and the conqequentia.l 1¢w degree a.’c‘ ;‘

exactitude attainable with phc»tometrio :Lns*cnunents as compared, e.ga ,\

with p"xotoelwtric methods, Thez-efore, the data set forth below can- .




not be resrar&ed as fmal,. Thw merel;v ﬁzdiﬂata the gmeral characteris-— .

tica of' the phemmemn, wﬁi&h mast be rendered move ‘acca‘rat hy s ,mg :

more sensltiw methcds.

~+ For an example, consz.dsr tha follemng observatn.ons*

. Aseuen. Libyan Desert

Longltme 32 51'.6, latitucie 3°5ma9

R October 24, 1957 i

, Masc:ow; tiiae« lQ.h‘ 32m axis of %odiacal l:gat at a dmt.anca of 1009
test of Polaris. Heﬁ;ght_ ebove. the hon}zon 10%, | ”

vb?"“«:g f

4» g ' ) Ve u' ’ : q .
45h 487 51 LB s i?f % 5% 18,7
477 553 518 161 1.44 1,34 10.8% — 10.8
485 52,2 557 1,56 1,32 1,5 176% ~ 125

; ‘ Czcmher 26, 1‘95‘7 ‘_ e
Moscow time 5 33; ax:‘is of zadiacal light *) s height 10°,

S S S b

_ ; . Ja
468 500 51.2 1,67 1,33 1.38 144 :
42,3 496 51.0 205 i.48 5.39 35.0;2 3,8
46,2 51,0 464 214 1,39 1,70 25.0% 12,1
41,9 47,5 46,0 209 1.62 1,73 0.7% 6.2
1 207 1,67 1.65 18.6% —1.0

10,8 469 47,

‘ and so forths

*) Appé.rm% omission; | Tx"éxislg: notes




ver’bical one, SRS : B

As is seen fh,m tho sbove, thé' various detemiﬁat@ﬁoﬁ‘s‘cf the dé-'- ‘

gree of polariaat ion dii‘fer sabstantially i‘mm each o+her, a.nd orﬂy

.their mean values may be takm to correfspona to rea.lity. Nevawtheless 2 |
‘ veven cursory exanination of thz, re-adings ta&cm reveals an apprec*tm

| able dewree of pol ariza*ion oi the» zocizan,al llgh‘b ’ “as is app&rcnt frcan ' R

the ncrbiceable chamée in brinhtnew c;aused by rotation oi‘ the pola.mid.
n:uxce the m:dmwn bxightﬂaso cowrcspﬂnds to the ver‘bica" pmgitmn,

fote s te ‘the star":x ng posi’uion of the polaroid, it m&y be concluded

that the brientamon oi‘ the polarization dif‘fer.; but slightly from Lh@

h

h ’ 3"‘ P ! A l :lks

‘ | 21& October 1957 b | |
e | a0 ] 16.3% | “rer | 100 ] -i’s»;o":*
| | QﬁOatober e | |

27 October

10 6.7 i —8.2 884 _%.7

1o 43.9 ! 201 —2.9 '88.5 —~33.9

0 93 | 33 ~2'g 88.4 -3

90 | 456 19,2 -28 |. 882 4

o 2.0 ‘ 23’0 22 88,0 -2270
R =




| November S
589

789 | 166§ —4T 869
6.4 | 154 81 87°3 —-56.4
626 | 158 | -7.2 8707 52,6
‘574 1 130 ] =31 | 882 474
54 | 100 | —985 | 883 —444
" 'ig November R
©.9 91,7 | =851 61,1 05,4
4.8 18,9 ~1,9 62,7 l 29,3 E
| g0 ;Nmmm e o
83,7 ] 18,4 .} =78 59,8 ~18,9
as;g | 16,1 =80 | 607 | =210
500 926 | =55 61.7 —23.6
64,0 62.0 ~95'8

16,5 8,7

» "‘he above Ta.ble gives averaged data fcr tha degreﬂ oi‘ pcxlar:s.mt:i.on
Ps ‘c.he dlrﬁcta.on of the polarlzamon vector cﬁw 3 88 well as ef vaf-w
: pious supplemental values characterizlng the f:ond:uhions cf ms:v_bwlity
“bf the zodiasal ]A.ghb s namely. the a,ngzﬂ,a.r dz.s‘ba.nce from the Sun of the
:ubsewed poinu in the heavens a.vd its height h above the hnrizong, the
.mclinamon i of the eallptic Lo the horizon, a.nd the su‘mergemw o:’c‘
the Sun below the hor.a.xon h ‘ \ e
A renew of the d.a.ta appear:.ng, in the Ta.ble allows of the following
: eonclus:.onq. 'I'he values o*‘ the ciegree af pela,rizatlon dzm::.n:v.sh with the

: amgular distance from the Sun, as is particular]y clearl,r apparent in -




1

: the case o:“ th@ mormng zodiacal ":xghm At an’ almost vertlcal pos:?.t:.on

lcal aml is almost em%ly directed toward the Sun, as «aho\»m by the ato«

tached figure 1elat1ng o Ortober 27th.,

b Peagsy
B S A2
R €20
‘ .‘ 4"'/
J, '3 ; 7
i -7
A ‘o
; ~5
! .
i
o i
g
W
: Flgo 1

| AJ;Lowance for superposed formgn light .;ources s even nonpolarimd
1 ones, cannot in the case of the worning zodiacal .hght substantia;l,ly
. }s.f‘fect tne magmtude of the polarizat.ion founde However, an emlanation

s wanted for the pecul:ua.r fact that the directlon of ‘ohe polarizat:,on

fof the eclipt:w the polariza‘olon vecter differs l.r,ttle from the vermm 1o

‘vec‘cor deviates appreciably i‘rom the direction towar-d the Sun a.nd, a:b




)

* ccus:x.derabm 1nclinaumas o% t.h& erln.m‘n;:ac, rela‘blve tc the hcr:uc«n.

o rate photoeleatric cbsewamonm

. - Raferences B

1, V. 'G, Eesen}'ov,} “I\Yaws of the- Astraphy». Inste o,f ‘ahe Azsa o:f Sc:u -
K&z;, 53?” 19583 v01 VIl—t “ . -

1914»70 , Lo Y . o

m:s cwmzz:,stemcn r@qmreu srﬁ "idl vemi‘mamon b;f means of mm*o acr*u-«f

24 Ve Ga Fesenkov ”Neteomc M»tter in Intﬁrplanetarr Spdce’" Iﬁmwcmf
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' vparticularly of. its 1e°s ltmxmovs parts, representa a, comnlex phenm"

’manon depending on sevaral differc:nt compcnents, namelya -

‘ m.z.nantly :X.n the ‘c.ropospherev‘ |

: tes ‘bhﬁ lumimvsnence of the night sky and dependa on varieaus 11ghb

posnheve is & contributing factor.

- \ON 'THE METHOD OF B,FLDJCING PHOTQV!ETRIC
ommwmom b? ZODIA.CM IJGHT

| 'pp 35"3 9 BY V. G. Fesenkw BERE B

I'b is lcnown that. the a,;parem .bmgh*ness cf th@ zodnacal l:Lg,ht , S o

i 44;5

constituted by the in eg;re.l light qf the s‘cars ai‘ our Galm diffused '

in intarstella.r spaﬂe as well &8 in the terrestrial atmcsphﬁ-ra, precio«—

(b) The ionoapharic cmnwnm’c which, pmperly apeak:mg, const.ituw

i

| sources of termstrial origing it 1s charac‘berized by emiasion :Linea & i

aﬁd bands and by 2 cont.;_rmou,; spectrum. The 1ight dlffused in Lhe t-rc«-

(c) The third camponenh > which is d:.s’cributed ext.resmely ununifom
],y over ‘c.he entire fimamart, dmpends on the zodiacal 1:Lght bm;h ob~
se»rved dirently and di.ffused, cmeﬁ.y, in 'bhe troposphere. Under this
head nay also be classed the so«ca:l.led zod:.aca.l twil:nght whmh is due
to the illumination o" the atmos-phere near t.he horizon by the br.ighter.
reglons of zodlaz,al hgh‘b a.lready hidden belm-r the horimon but prodw—
cing a faint crepuscular effect. B I |

Y




- ' L.

Qmuld be obsemd outszds the atmogpkere and de’t.ached frcm 'the backe

» ducting from the observed bmgh‘bnﬂzss tha celestim back gmzmd on thm B
| same aihxmcantar ta.kan at ’ohe pfoper chsbanc:e from the echptica Indee:d,

{the zodiacal livht is spread ovefz* the enure \eau}:b o;f.' heaven, which is

rees’ i‘rom the ecliptix: one oberves some chﬁnge in brightness of zadma-f
f cal omg:nn, Moreover, wﬁ.ﬁh such a mefhod of reductmn it :LB mpagsihlef
to - match the bmghtness oi‘ the sky on dlffermt almucan»am. Xe't :i:h
1is bound t-o vary 4in a. defm:d:e maxmer accordmg to the eff&ctive h?ig"zrb
| of the 3.a.yer responsible i’or the lwninenscence of the 1onosphere, F:;.«- k;'
nally, this method does nut adequatel,f allow for the variatwn in the

galactie camponent and takes no acaoant at aJJ. a!‘ the nonmf‘amity

The problan is to find thza rlpht cfystem of is‘ophots t.hat wcmld - -

character:.zb the phenc:nﬁnon of zodmcal hgfht in s uch a wa.y a'a 5’0

grounrl presented by our Galaxy
It muld be too cmde an &pproach to ‘this pro‘blem if we shotﬁ.d oS

attemp’c tc» reduce the obsamtiz}ns of thﬂ zcsaiaaal h@krb by simply de»-

v:.dent, int.er eu_:} a, frm the fsﬂ‘b that the Earth moves withm the me«-
dium constitateci ny the mtnrplane*rary mtter tharb diffu%es the light

of the sung For this re&son, even at dlst.ances of several tens ef d@g—«y

of ﬂlmninance of thc noetumal sky cmseé by ‘the t.ropaspheric seate

tering of ‘ohe zodiacal ﬁght itsglf‘ ‘ S
, 3610“’: we are going to expound 'ohe method of reduction of phctcu«.;~

me’aric observations of the zoémca.l ligm adopted by us‘ SR

~ In order to accounb for the vam&'bm'by of ’c.he inumnance m

- :1.6’ S




| to ihé ionospheric component it ie recazmnende‘d durin? ‘thé observations“

L to keep track ‘of the brightmsa of the night sky pr@ferably near to |

.t.he celeqtical pole, wi"e*"e; the cczﬂf:i.garatlon of ’ohe s‘bara and the ze-’? Sl
nitha.l dist.ance are a.lways the same for a g.‘.ven obsawatlono

| Naxb, frm the cbserved ?)r@htness of the heavens near to the pcw

K ley relatmg to 8- speaif:m region of the gpes umm and a:rpz'e*sed in der-i

‘ f:.nite absolute units (e.gs, the mmoer of stars of the 5th ma@ituda |

per aquz.re degree of arc) we subfbract the galact:lc cmpom-nt corrected'

as

' for ’ohe atmospher:w absorpts.on of 1ight and for ‘bhe scattering of t.he ;

f galav‘tic light in t.he tmposphere .m dependeme on the transparency e

fac‘bor. Thds reduct.ion is inanpreciabﬁl e It c&n be presented in the

form of bhe apprm:inmted Ex;n:’ession.

L (b)~p*°”_ +0.355<p (z.zi) secz, (l — "2:“ sin?h ) S (l)
where b is ‘the galac’c:.c 1etn.tude | |

’z, is t.he zenithal d:w.stance of the celest.:ual paint obsemd, S
aﬁd , ' _‘ | ‘

| L (b) is the :mtegral light of the s’oars in t-he given region. S
The a.dd:.tive term in th;s Espreasioni 8 rather ana&l, as may be' |

| seen from the i_'ollomng comparig .ong .

secz, o LS5 2 T3 a6

_ 4
p=0,83 0,05 0,072 0,091 0,14 0,15 0181 -
p=0¥6 00i2 0082 007 0]ll0 01% 0179
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In Table 1 we s’ca:t-a the va}.ue' of ‘ﬁhe cmponent 'g:.‘.ving the coi*r'ection
for the inte»gmz, br:,ghtness of the stars and e sca;‘“t;ering in the tro~
| posphere according, to Expression (1) /3/.; L
- S  Table l

- 0 10 pa 30 40 50 60 70 80 90
| i oo % n b
0o 1,68 1,21 10,850,581} 0,41 (0,30 ]0,24]0,23)0,2i,0,!
10 1067 11,22 a'86 ] 0,58 | 0,40} 0,29 16,24 106,230,2110,22
2 1,66.11,2110,8510,50}|0,41]0,29;0,24]02310,21 10,22
.30 1,64 (1,19{0,84(0,58]0,4110,30(¢,240,22}0,22 0,21
40 1,59 | 1,16 | 0,82 | 0,57 1 0,38 10,29 | 0,24 | 0,231 0,22 | 0.2
LS50 1,56 | 1, 14 0,81 10,5610,3910,2910,2410,22]10,22.}1 0,2
'35 1,53 {1, ‘1208016551030 1020l02410231020 10,21
60 1747 {1008 | 6,77 | 0,54 | 0°38 1 0799 | 026 { 0,23 { 0,21 | 0,21
-85 1,41 11,041 0,710,533} 0,3810,2810,26}10,2316,2110,21
70 1,31 1 0,97 ] 6,70 | 0,51 ] 0,37 ] 0,291 6,2510,23] 0,22 0.21
75 1,171 0, 88 0,65}0,48 1.035]0, 128 0,2410,2310,22770,2
K0 0,951 0,74 | 0,56 | 0,43 0,33 0,22 | 0,22

0,28 | 0,24 0,23

- &b large gala.f*t:_c la itudes t,he decraase m‘: ’cha first term is al-
mcwst exactly cmﬁensated for bry the lncrease in the seccnd tem and,

o canqequent.lv, on balance the gala.ctic correc‘bmn remaina unckmnged. o
Contra.rimse, near the galactic plcme it is appreclable and tbere:t‘ore |
unre.uab}.e. Local absorption .‘m indwidual gal&ctic c],ouds may consi« :
derably change its value. Fc}r an emmple, we may indlca’se the reaion of
the sky around Polama. Accordm ng t.o the d,a.ta. of Table l, the g,alact:.ck a
reductmny Gafe; AL 2 & iﬂ? and b = 30 3 equals 0356, whereas it should
be ta}'en as equal to 0.38, the d:t.fference be:mg due t.o conszdemble -

light a.bsozptim in the cosmio clozzds surroundmg the regim around the

jcelestial polea

i8




- phe degreea of polariza.tion F and P 'The angle of preferential polari-

: I’c, shmﬂxi be uoted, fu;tfbhpr, that at an inclined position of the Milky
‘May relatwe to the herizcn of the ebsarver the data oi.‘ 'ra‘:ﬁ.e 1 ha.ve |

: to be somewhat reduceds Fina'l.ly, it is necassary to allcm for the pre~ ,

‘ ‘ly div&rgent opin‘i.ons, Yo daubt, if is very diffi cult to determ:ina :it-e: ‘
‘mapnitvde by purely photcmetmc methods, because the remm; entimly

‘depends on the transparency fectors A much more re‘l.ia.ble way is to eva«-
luate the zodia.cal component by means of polarimetmc maasurements w.ith
‘the aid of certain t.heora?.ic;al considerationss o

Supposa we are obsewing the eomplax effect produced by the pres&nn
be of t.wc differer‘bly pola,rized brightnesa compone*&ts I m:l I and of

ation between the two componate we will designate by OL v et Im and
m be the observed total values cf brightnefss and the deg,ree oi‘ polari—-

-the vectc»r of the tot a:L polarization and ’c.he fixst componento T
“We then have the fol.i.cmmg Equ,ations / L / : |

(I pm)‘w(’p)x-—l"(llp‘),'*”?’P llpgcoszap B
P = P+ (1P = 2P P cos2an,

 {ubioh correspond to & linear triengle with the sides IP, 1 P, 3 and
L, P, andthe angless between I P and I, P,‘ eqna.l t.e 2 0‘-', > and
o bé’oﬁéen"‘:tm P, and I p ,‘\Vequa.l"to 2 d"m‘ R - S :

LA N
et PR

PR Lol E e
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sence of the zodiacal component et the sume paint, ‘that :‘ua, a.raund tha ‘; e

cele«tial pc;le. About its value various &uthors have emessed exbremem |

.at,,:s.on, reqpect:ively. Let us fmhsr designate by et.. the ang;Le br-tween e



Asstm:lng, as is the case in rea.‘}.:.ty, “that the pola.r:xzatiozx of the
ionospheric lumjnescence ‘a3 well as of Lhe galactu, component is very
close tp zero, 'bhem with P as ’ohe obsemd total pola‘f;.zatlon dround

the pole we rave

WP =1P,.
whence . o

11__ "T

where P ‘i the polarizata.on of the zodiacal companzmt abou’o the pole s
- |which can eas:.ly be found by theore‘o:s.cal reasoning. The value obtai-
ined is roughly the same for dafferent model.a s;mulatzng the scattermg
{of light wit.hin the ccmplex m“ zodia.cal matters o
By order of magnitude, th:s.s polamization is a.ppro;dmately the sa~
| me 28 in the enlipbie plane at :a,h angular distanoe from the Sun of
about 30%. o - o

| Hence, if the factually observed pola,rizats_on in the polar reg:mn
148 of the order of 1~2%, while the ’ome polarization of zodlaca.l light




:‘m the same plane should 'be not less than 20%, it to'!.lows that the zo-

: diacal cmnmnemt :ln po:mt of brigh’mess constimts-s mt more than 5%
oi‘ the tota.l obsgerved brigh‘bness and, essentially, may be neglect.ede
In evaluating the zodlacal componexfc in the region of tha celeati- :
' al pale ( in case it has bLeen more accurately detemﬁned) and hmw:mg,

the ma.gnitude of the ga.lactim cmonem at. tha sane po:lnt, then 'aa

fwaniscussed gbove, we ars able to single out ‘at this point from the B
:observed total brightness only that part whjch is caused by the iono-
m_;rspherea o S L
It way be asswned tha‘b tris ioncsphemc component is distributed

: over ’ohe celestial sphere with some degree of regularity As wag re-
E #:ea‘&edly pomtsd out eaz-lier, the lxminesceme of the ionoaphere ca.n g
‘ he reprefsanted m.th sufficient accnracy on the ass\mp‘bion of the etx‘is-;
bence of only one 1wninescmt layer having an ei‘fective height oi' 200

Lo 250 kn /5/e In real:.ty, the 1tmzineecence of the nocturnal a&w due
Lo the icnosphere 1s of & sanpwhat tufty nature, put it is not possible |
| w0 take into considerat'lon suchlike :.rregula.rlties which, moreover, are
TL,;f a passing nature. ‘ l

. Apart from that, it can be shown [7/ that the tropospheric scat»« ;

o,

ering of this ccmponen‘h can with suffn.cient accuracy be accaunted for ‘
s:l:nply by mcreasinp the transparency factor by 9.93. 1 the final ‘

ana.lysis s ‘this component. s including dlso the portion of its 1ight sca’b
lered in the troposphere, can be represented in the form of the simple o
o anresaion | o | ' | ‘

21.‘— | _—




Cip + 0,03™
V(A B —=sin?z

| whe e h denab es the effectwe helght, of the :.onaupher:w MJBI‘ in
wnits of the E'-xr‘th‘s rad:ms, and C is a V&I‘ldblf"* factor i cb ma.,r
cha.ng@ bat‘n mth tmﬁ and ths* DQ;.,\l'b’"LOﬂ ef th,e obsewax‘. Eusentially,
i‘o must be detem:med :m the course: of the obwrvations.

Thuzz, supyosed we l«:now a.mand the ce:lestial pola the valué of ‘hhﬂ
ionospheric cmponen’r correcpondlng to the zemthal distance i'e:; s we'
may reduce it. to any cct.her zen:i:t.ha.‘l. dmt a.nce 7 b;y* mtﬂ.tiplymg i‘o bJ

the factor

‘ sec 2 (1 + A} —sin? 2,
(p’{"OOS)ez sec z ("*'h)*“‘ﬁingz

Arlded 1o thiu the gelac’clc c:ompopent whlch is found fmm our babm
leﬂ for the observed paint of the ao&lacal light, allamng for l‘tB
light scattered in the tromsphere, and, finally, the t'mposphemc lu~

minescence due to the extens:we d:.mensiong of the zedz.acal llght, we

22




find by way of finai raductionyihe value khich it :‘Lé ’nec‘es‘séry“ﬁa de«
duct, from the obserwc} brightneasa | | |

‘ Hence, the reduction value to be sub*bracted from the b«ez‘ved
brightnesa et a given '\:lnt cf the zodiscal hght is as follows:

Red w o« I, = gale comp, et pole = zode ¢

. y2
- “ein 2
‘atpole)X(p-i-0.0B)ec % - se0 o z 0

‘_(lfh)o-sm z

4 gale ccmpa (Z, 1, b) + zede compe in 'bropg |
Fmal'l y, the 'bme brightness of the zodiacal lﬁ ght, allowing; for

| absorption in the t.erres‘c,rial atmosphere, is

Uapp = Red) .

It must be noted that to be able to find the abovementioned re- 1 I e

ductions one must Peep a constant watch over the optlcal propﬂr'ties
of the Rarth's atmosphare. In e rticular, one has to Jmow the value 'j
of ‘ohe tramparency factor, which varies trom one aay to the o’t.her,
The indicabrix of °cat+er1ng is also needed for evaluating the» t.ropo-l
spheric 11)uminance, especially that produced by the zodiacal light
itself. However, in the given case we may restrict ourselves to the -
‘standardized form found from numerous obsemations. wr
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" ON THE PROBLEM (F DETERMINING
- THE NOCTURNAL TRANSPARENCY FACTOR

Pp ‘53-*5‘5 by A.V. Kharitoﬁov ‘

It is known that bz,r Bugerts m@thod we can only obt&in the value
of‘ the transparmcy factor provided the latter remains conatant dur:irg :

the whole period of cbaervatione If it var ieg, ‘bhls mebhod is alto--

‘ ge‘c.her inapplicable s since ‘at nonuniform variatn.on of the transparenm‘ .

oy Buger's Line cannot be a straight line, On the other hand, in thel

“case of uniform variatlon, €afley an increase with time, Buger's li.ne,
while following a atraight course, is bound to chaaage :Lts inclinatwn
:’m such 2 manner that the value of the transparezmy factor tux'ns out‘
too low in the observatian of a rising s’ca.r and too high in t.hat of a.
set;ting stare ‘

‘l‘lu@ dlffa.culty can be ovc-rcome by obsarvmg two s‘c ars > one ri-
sn.nc; and one settmg, in order to compensate i‘o** the drop in the o K
transparency factor in the first case by the rise occurm.ng in 'c.he B ._135
second . case, or else by obserwving one star before and after culmma—
tion. Howewr, these methodc; yiold only the man value of ’ohe trans-l
parenny fe.ctor over 2 prclonged period of time ( 3 to 5 hours), wh:Lch
does no‘b come up to the reauiremm‘os of accurate s’c.ellar photmetr'yc f
Ind@ed, it is reqmred that we know the trans;a rency factor at a.n,v a
ins'bamt dut‘ing observa.t.\.on. | SRR ‘

To determine it, let us oboewe at dlfferent zenn.thal distances




i

a certain star % which at ‘the :mstants L oases b oeses b em:i.ts to us
the lum;no&a flux%s I jeees Ik...y I s reipectmvzly, suzpose that at
the sané t:nme we are obswmng a star N near the celest:x,&l pc:‘i B3
whose zenith&l dmstanre we will in the first apﬂroximatlﬁn consider 1n~
varlable. Sumnosa this star emite to us; at thﬁ aama instanbs, the lup
minous FlUxes i_.ees i s«., i e In the cass of photoelectrlc cbgervaﬂ

i
tlons, the values I and i ‘may be sxmplv sabstl&utsd by the galw

k

vammeter readmga upon corractinb the lati:er accard:mg to atmdard

rreadlnge for V&Tl&tl@ﬁ? with tima of the aensit1v1ty of tbe 1nstrum@nt.
If the i valuea dg nﬁf differ fram sach mther, then the traneu

parency is const &nt. If they’ do, that mesans that ’che tranap&rency va«
r:uas. Indeeu, the genithal distance of the ster N is constant &nd
the v&ria.tmon of the :instmment 8 sansitivity has been allowed for. In
the first case, one can abta¢m the value of tha (canstant) transparenw

cy factor” bj processmg the rasﬂts of obsewe.twn of the s?.;ar accm‘ru-
; dlng to Buger g mﬁthod jw the saccnd case, we shall pracead as fbl»
1lows, ‘ : o B T
Let us fmd't;he mean of the values i E — glk , Since the

. . - N v i'“""" - n
ik values were received at raugh&y equal time inbervals; ﬁhe quantity
1 will carrespond, for the time of obaervatlon, to the mean value of -
the transparency factor p s mhmle the i valuss w111 correspond to

' P instentaneous values of it at the instants tk.




. Ve have
fpmippyM@ o (n
B =iy p M@, 7_,44TN,¢.,(m
where 1 :is the exbraatmosnherio flux i‘rom ’the star N and |

M(z) is the mags of air (constant in the flmb appmmmation) ‘chrough ‘

| which the star is bemg observed. From Formulae (1) and (2) we obta:.n. oo

' = : U
Ee{EFE 0w

For the staroc » at the instant . T e
N
where I is the extraatmosphez‘ic ﬂ.ux. Let us reduce a.ll I

K’ we havet

X v&luea s

| to the so far 1mknovm mean value of the tra.nsparency faetor p ‘ ‘Phe

‘ reduced flwc I‘ is eoual to

| CL=lpM e . 4:¢45vv,g=m>*

j From the Equalities (4) and (5) we obtain B R TTIE BO
Ik --l,( )M (zp) . k. : : ‘(6‘) :

whenb:e; cc;nsiderir:g (3),-w’e h&ve | : : N

» A1l values in the right-nhand part of ‘bhls Formula are known ‘oo |
ug. Upon reducinp with the aid of this Formula all Ik va.lues to the ‘; '
mesn trcmsparency factor, we are able to construct a Buger lire, now
| utilizing the value T whlch gives us the vaJue pc R
Thereafter, using Formula (3), it is easy to determine a.ny momen;

. tary value oi‘ the transmarency factor pk‘
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' Tbe nronosed met 4od dces not take accound of the &zmmuthal effect
on the tr nsparency of the atmosghere. Mentlan shoulq, hoapver, be
made of the ouservatlon" conductﬁa ovgv many yearﬁ by Y?m Ve Pvaﬂkov«~
sxava-Fesenkova &t the observatory ‘of the Aatrophyelcal Inqtz‘a+e.
Th@se ObaerV&tTOHS whlch, it 1& trus 2y wure carvied out ﬁurlnp the daf‘
vtmme, ﬂrove th&t in c}oudlesa v@atn»r the az;mu+ha& effect ent.
Furthermore, this effect is not belng ailcwed for in all other anWﬂ
'metbocs for determlnzng the transparenﬂy factor, e?cept the methed of
1 B. V Nikenov, HONGV&F,‘lt seems to us that cur method ig implers

It should be nated that in ob rvatlons using w1ae—band fljteru
the stara k and Qm- shou]d have the same enevgj dmstrlbutxep in the
specfrum, il.e., ‘the same color index.

Among the c;rcumpolar staru, tﬁe follgwlng two may be recommend-
ed for theae observaticn
(1) ‘ A (54)

fnis star is listed in the NSP  under No. 5; for it

mn o oem 6. bb; e 0,700
PY
(2) B (54)

This star is.listed in the NSP under No. 63 for it

m1m7"‘oac = 07.

The stars indlcated are suff1c1ent1y 1um1nous and &ve su;table




for photometrlc measurlng. Both are very close to the celestial pole, %
80 verv 1ittle correctlon is necessary for changn of albituda. Aleo, ‘

_due £6 the coordin tes of these stara, on@ of them almost invarlabTY

de rem&ins virtualij conetant Par the dara+ion of the observatxon.

keeps within such angular pO*ltiun% (ebout ' 0 or l?h) that its a]hituwt A




A SPECTRCPHOTCHETRIC INVE PIGATION OF THE G0N
TINUOUS AND EMTSSION SPHOTRA OF THE WIGHT SKY
IN THE VISUAL REGION OF THE SPECTAUM |

Po 8695 . ‘ By "’e. V. ha,rya,glna.‘aﬁd
I L Iu. 'I‘ulem ova
. .&t the present ’c.:une s thf energ; dlstmbutwn in 'bhe mn‘binumsf
gpectrum of the mgh‘t sky, in absoluue nmf,s s 15 not yet ‘mown JJd-b
given in a recent. iy published manwl by AJ. en/1/ have been c:h'ta;med
by ev&uat:mg the results of Babcock's and Johnson 8 obgervat.ions /4/
These authors Obtainea soectra. of the m»’ht s:cy in a mcnonmsmtn.c -
: cvuartz enpctrogmph hav:mg d:sperclrm near H é“of 1100 A Ty :Lt 1
equ:\.med mth a Schmdt camers ( awer‘burr “at:io l/l ) ‘I‘he ms‘bmment
was used in c01nb1nat.3.on with a 12 :m('h Cas ebmm ref}.ectmg ‘cel?-»
scope of the ML Falomar obsewatowy {ex rosation t‘xme ZLO haurs)
standard .incandes cerst bulb with knom; color scale, whose spec,t“mn wa.s
obbained at an exposure of on'j J 30 sec, wag uceeci for s’mmdardmatmn.
| The difference in e:cpbsure time necessitated rgdmtmns whlch could
‘A hawre become the source of systematz_c error‘ aecause of tha£ s Ailéh“‘s
{results can hamly be "omldered suff'xc:.en’oly duccura’t.e. o
The photoelectric 11west,z_g)a’on.ons by K, K, Chuvayev /3/ 3 xmic:};
anpear to be more reliable, cover ,ly a narrow range of wavelengt“sw
between 4700 and 560“) A. | | k

We made an attnmpt ’co determine the mergy Olutflbut'\ cn in tne '




o ‘; for the sky spectnm, For one dzw of obsewvation, nota!ﬂy Septmber

cont:l.nuous spentrum of "c.ne night sk.y and to eva.luate its :!mpor’c.:mce

grams ob’ca:.ned :i.u Septembe*' and Oc’ccbr‘r mth 'the aid of% A I 8 H t.ype ‘

jgion of Lake Bolghoye Almztinzkoye (e 3000 m), .x.fm optic, pm«'er (aper«-
lture ratio 1/C.7) a.nd mcmsicie reble d:.sper.,ion (2600 A/mm nmr)’s 5600A.)
‘made :‘Lt possible to obtain mf’ficiently denap negahivesof the ccntin%us‘
lepectrum of the night sky on OaF platm (Brm.sh Kodak) at 30“‘ axpc»sure‘
and a spectrograph slit md*h of 4 mme Umally, the emission linew cb«-‘
| tad ned wers not overexnosed, For celibration purposes we used four ]u-'
| mimplmrr of st ad,y 1umi nesccnce at enuated by severa.l nautral i‘iltern s
At/ e For ot amardizﬂtion, we took the spectra ofﬁ Cygni and (> Draca»-

nis ab the same exnosuxe and ek the same zendthal digtemce ( z&h'?o) as

serrdustion dn relative unite; the tie to abmlute undts was made mth
luainophor

the adsd of g of staady lminescenne, emc:ae spectmm wad obtaiw
. ned s xultanenusly with +h0¢9 o*‘ the sky. ‘The energy distributicn in

fthe aelemtw.l spestrum in the renge of wavelengths be’cweeu 141;00 and

r:iysld.y and LMo Gmd:v.lis /5/

#) Manufacturer!s trade mark,,*rrénsl. notes . -

‘ powerful nephelomstric spactrogra.p"x wl deh was t.hen inﬁtd.lled in the re- ‘

‘ 1-2!%”% the’ enc YLy distﬁbution Vs meagared using; 0(/ Lyrae for J.te de-- :

16400 A had previcusly beerj investiga+ed in ab:;olute unnts by N. No Pa«-ﬁ

’ relative to the emieslon ﬁpectm@ For his purpo:e we ueed spectrcw (TR
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| Thp >+ ramparancv m“ the mt*nmphom Was de’{,emw:&c’ foreachmght
of obeewv*twn from Iy = 5 *whatopraxrhfs «:»f ‘star sp e‘ctmi at dﬁri.ff‘érrré‘ntv e
.nithal dmt,ancec b:,r Buger’ﬂ mn‘thnfi s t,he m;eﬁtra of 8 G;ygz*' ami ot Ey""ae '
bemg used mﬁ* the purrosm The tr:m parcmcv factor mu estab“i shed’ |
i’or 12 wawlarsgtbg rang :mg fr*cr’* A,QGQ/; to 640D é@ Tt is gra,:hiwﬂ.ly Pew
| presnntbci on rigg 1, as & fmatx ori Q" t“" xmra’*_emgtrz, for uhﬁi"ﬁ/ duys of
observsflon, in tha evalua‘c; on o*“ our e‘)mwaulor‘s 6n beptembe” 21‘3/?5a ;

we utihzed the mean tr mp*m ey fac uOl‘;&""Ge"'t:d-lﬂ“Q bv s for uwptembar '

27/2¢ and 2@/5&

vy L AT o

- |Fige 1o Legend* t} Sep 2'7/28, 1957 = curve 1; O Sep 2‘,'77/,::(\9 195’? . cur-a'
‘tve 2; @ Sep 23/21“, 19/7 - Curve 3, @hsemtmm in Montez*ma . tzuwe: L»
In view of ‘bhF cons:ademble scattenng of observabil onal pomtﬂ we

relied for plotting the P (A) curves on the transps réncy dwtrn.bu‘c.mn

at a wavelength det emmed b;; Abbo? / é/ from ebsarwtlans mad:m in Norzm




tézuﬁta‘ (B 2700 m- )o See curve h in Figs 1o L
- ‘Ih‘lall, we evaluated 7 spectrograms of the nig_h"t, \ék;y3 of which 5
releﬂié" to the "circ‘u;‘ﬁpolar re-?inh and 2 to the regioﬁjﬁear 1] Dracdnfksa
The spectrogramns’ were messured on an MPw=? nucrov;hotcmeter aﬁ in‘t;er-
vl of 0,01 vm along the spestrmy width of the slit in front of Lhe
‘;phot,oc,e".l 0e2 mumg magninca.tion 30X ¢ ; o
Callbr‘ation curves were constructed for the wavelengths 6400;
6100 5600, 51003 4762 14400* and 4300 4 from 3..1, photographs of the iu~' "
mﬁnary*s spectrmn, Whlch were taken at a width of tHe apeutrogfaph slit
_ varying fran 3 to 8 mm, _ |
| The cglibration curves s avemged in the wavelength intervals 1300
| {?\ (;J,Poo, zﬁOOQ\“loo, 5100 <>x ( 6100 A, wore utilizable for thesa
v;in’c,emr«;ls with a 'mffmn.ent deorec of accuvacy. | | |
As indicated above, our obsemratlom aimed at obtainina the en@rgy‘
‘}i e’m immon in th: corwtmumm spectrim of the nocturnal sky Ig( ]L) and“‘
‘ ‘:,;we m*mr!mp the mtenﬂﬁty of the emission lines 5577, 5893, 6300 +
‘  ;636£¢ As, using for standard:.sa jon such stars vhose anergy dn,stribution 3 " |
1. (M) 1= known, | N I
1 'l'he basic formula can be ob ained proceeding from the follow:’:.ng -
ginnle reasonirig;‘ Within the waveleng’bh intervel A a.nd?k 4- AK s ‘the““
eﬁergy per 1 cm2 of the Earth' surface ananatmg from 1 sq, d@gree of
‘ébhea celestial .,phere eouals x ()) c‘,?\, while that from the :t:'efenr*emcej

star eqmls I (A) p m(z) A?\ On the epec’c.rograms ’c.ake*s wif.h the




nephelomefbric qpectmgraph ’che ‘Image csf ‘the star a,ppears as a mall
str:tp vhose width d&pems on the inﬂ’ésmmm &l centeur of thp spee'trom '
graph anci wh-:;se heigh*c is detamﬁned by the salid angle L of the cols
(lima.tcsr, Gcnsaquemly, t-he i1iminance on the phot ch“aphixj plate pmt«.
duced by a section of the sky with a solid amgle L& in the wavelemth
interval dlLis equal t,o

b(k)dlwl(k)mtb(l)md) - -

and that pmduced by t.he rei‘erence ghar is e»aua¢ to

bg()\)dku!, l)p”‘(‘)@(h)wdi RS V4

where b_ (it) and by, (M) are the observed 1lluminances fm the sky Bmi
“MIB :e*ei‘azrex*m sta.r,

@@‘) is th@x salective sensitivity of the matment
<) 13 v;e width of the s:z,mze ‘m-z
K. :i.s the magm:l.fic:atim fa.cwr,

W= _Padianmo 8g &egme

lvhere d .is the ‘collima,wr diameter, and
£ he dts focal Jengths
.- The spactmm of tha eha"r~ appaax s on the plate as & st*ip abmxt
Oehb mm wida,, mich aorregponds m & mean angle of about f of a:rc on
fthe '*alestial sphere. Manifestly, sunerpased on the star spectmm :Lcs
: backgmmd radiation from the continueua spectnnn of the mghh sky,

which i also visible on boi:h gides of the sbar spectrum {Fige 2)e




F:Lge

Fr{'m EQSG (l) &nd (2) We ‘f'lnd o

.és.m _:' 1 ye v
b, (1) ’a(i‘-)-pmm * e | :  - o A(3)

Ir. evaluathag ‘the spectroaz*ams’ of the reference s‘tm we meaéured

r

‘ photamtmanny the snectm of t.he stare and the sky spectmm on’ mther
1 side of each star, - The d&nszties obtained were moo‘bh@d out grapmcal-
11y: t‘mraupon, the observation values for tha"s;.ar plws sky“ intemi‘by

a 4 # (7'&) and the meamslg«' intensity b, (K) wiere found in the vgual
way from thp calibratlon curv&s.f ‘I‘hfa obsarved inte’nf*it:l.eg for thk, rem"“

feremp s’c,a,ra themselves were by de‘ference, as belowz "

b ())‘w bs+ (R) b ()\)

At e evident from Formum (2), that in order to obtain the eer- |

ey dlstmbutlon vﬁ.thin the sky spectmm in a.bsolute umts s bthe quanm-a
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ty I, (A)» too, mast be kmwn in abaeluta units. The energy dis'bribu-

tion in the spectmm of th@ referencé star wae k,nown 'bo us fm mlative , |
units i, (?ﬁ} orilyy ieee; mt'.‘x am &ceuracy up t.o 'Lhe constamt f&%ar

not depending on the wavalwcth
1 m =C s*{A) _(,4 ;

The conaaan’a ¢ can be fcm’ﬁd pmv:idea:‘ m Imcpw the differmce bew
tween the visuzl stellar ma@iﬁudas of the Sun and the refemnce s‘ba,r,
as well as the energy dighmbumon in thﬁ sc;lar spec:bmm in. absg‘lute
unitse |

- Let I@(?\) and I (7\) be the specisral illumnances from the Sun
end the refareme atar mxtside the bﬁ*mﬁry of the atmosphere, snd V (?‘)

- Lhe visibxlity funcm@n.

. ls; Lo ai) ax

azsm o™, ()
flg(lwmu | o SREE

whera mgand m-u are the v:.sual ma@itudes of the Sun and t.he referenﬂe
atar, We know t-he mpan spectral rndla,tion intensity F@(R) of ‘bhe
Sun (no allowance made for a.bsc»rpb:i.on 111183 end for the amrage emis-

sion of t.he entire sclar dise) i:rz a,beolute units /’7/ ° Than

ure R
1@ (Mﬂmma"@ m“""wF@(R)sm’r @, ‘*]Z - (6)
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where T, dg the 1mem orﬂw radius; P R ‘
ré w 16 mm :w "'Guc rmmlav voiar :adum at the» meem dlst‘mce

of. the E.arth from thn ou‘l‘
: s_; is the ma.jo** se«uwi» of the mnh‘s omim ‘
From Eass (4), (3) and (&) we get RS

: U RN 12 TS
C-- 'csm*r. 2512 0"'" g - o ‘(‘7)\,

«

fu m vmm B

?

‘Th" (Illﬁrf»‘lt14>s ‘”’equm’efl for' calm’lahmg the :ntebr&ls in Fa *zm?a (R o

(?) fov" the 't.wc: rei‘ersmce s‘rars, vmg s 8 Cygni mad ‘35 Draconw are iound
*Colmm 2 af ’l’able J gives ’ch. ermrpv dlotﬁb’l’bl{)"l :i.n 'bht"ﬁ spmctmm
' of‘f G,,rg,m, :m re’!ative umtt:, c&lculated f‘rcm Pl:mck'e ratio, ta!fm[r
| the ta.r'e tempera m*# as ec*ual to 11 9OC (accwdjna *:,o Brﬂl /8/),
cal umn gwe,, the spoc,tra} enor&f dmtribu‘c.m fomﬁ Jﬁmcfmis sm.cm-‘
d:m{_, to I{lenle, Wemné am Be..lic!m /“/ 5 olmnn 4 gives ‘ (4) :I.n ara'
e sec . stewad*él » 1 c;u, coluzm 5 - ?he Vﬁcibﬂll’b}f “faccor ‘v (,?O,
and column, 6,(,8 - the produﬂtu i (}\.). Y (2,) and (;i,)' V ()(,)c E

The: stellc.r t:agrmtude of thc Sun , neeclf&d for cal::ule.tim* thra eon-

9tun’s C is takpn /10/ as ‘[ ;

‘\w B

’"@-—*- 26, '"“'2 +~003 | G
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The magnitudes of the reference stars, according to the inmterna—

tional vhotovisusl scele./13/,aretm . = 2,75 andm = 2.787.
= F ‘ ‘ 155 L ﬁb‘ra m'b mﬁ Cyg 7 .
The values obtained for C, as caloulated from Formuila (7),were:
CSCyp == 3,01 * 10.—?@1‘@(”’ geo " Lln.it's iy ()‘)8 Cyé{ \ ‘ ) &‘[
% . B Y T ae .
(’ﬁ Dre "-—:"38'.10 2,‘6?@(.&(‘2 0 l:}l‘l’litgv Ly ()\)E Dra. = oot
' _ . , Table 1
O L,V D
l T o . i1 C 3 > A v )a :
1 8Cyg § Dra ", ) vy | ey fDra "@( w( ):
1 2 3 4 5 6 7 8
4000 1.868 | 1,14 [21,2%x108 o.0004 | 0,001 0,000 |0,01X101
4100 1,783 1,32 125,8 0,0012 0,002 0,042 0,u3 -
C45n0 | 1,703 1,30 (26,8 0,0040 | 0,007 0,006 | 0,11
4300 1,627 | 1,49 %.4 | 00116 0.8 | o087 0,31 -
200 | 1852 | 1.67 |20,7  |.0,0230 | 0,0% | 0.038 0,64
4500 1,481 1.78 '{20.8 6.0380 | 0,056 ¢,068 {13
4600 | 1,412 1,83 {309 G.0600 | 0,083 0,116 | 1.8
4700 | 1.M7 | 2,04 |31.3 00010 | 0,123 | 0.186 | 2,85
4800 1,285 |- 2,17 |aL,1 0,139¢ 0,178 0,302 4.32
4900 1,226 2,21 (3.9 0,20%0 0.255 0,460 6.43
- 5000 1,171 2,13 {30 3 03230 | ©0.378 | 0680 | 9.79
5100 1,117 2,06 |20.6 0.50% | 0,52 1,03 (14,90
5200 L0 1.066 1 2,04 1288 6. 7500 0,757 | 1.448 24,45
5300 1.017 2,10 1282 08620 | 0.877 i.810 124,30
5400 | 0971 | 2,07 21,6 0954 | 0,927 | 2.070 |26.33
5500 0,97 2.24 27,3 0.940 0,922 2,926 127.16
- 5500 0.8%6 | 2,20 27,1 (3,990 0,882 2,979 126,95
5700 | 0847 | 2.30 [27.60 09520 | 0.806 | 2,190 |25.70
5 0.800 | 2,30 |77, 08700 | 0,104 | 2,000 12358
5900 0,773 | 2,31 27,1 0.7570 0,585 | 1,749 120,51
5000 01,740 2,98 1266 0.6310 0,467 1,439 (16,78
. 6100 (4,780 2,24 25.6 06,5030 0,35 1,012 12.8¢
6200 0.677 2,23 {24.,8 0.3810 0,25 ¢, 850 9,45
6300 | 0648 | 2,22 24,3 - | 0,2650 | 0,172 0.586 | 6.44
610 | 0620 | 220 (23,0 | 0,170 | 0,109 | 0385 | 4,2
6500 | 0.594 | 2,19 |23.8 01076 | 0,084 | 0,234 | 2,55
6600 0.569 | 2,18 [23.6 0,0610 | 0,035 | 0,133 1,44
6700 , 0,545 © 2,16 23,4 ¢,0320 0,017 6,069 0,75
6860 - 0,523 2,12 1229 ¢.0i70 | ©0.009 | 0,038 | 039
6900 | 0,801 | 2,10 1223 0,0032 | 0,004 | 0,017 | 018
7000 | 048] -| 2,08 21,7 0.0041 | 0.002 | 0,008 | 0,09
7100 . 0462 | 2,06 {21,0 | 00020 | 0,001 } 0,004 } 00¢
7200 1 0,443 2,00 (20,3 0,0010 | 0,000 0,002 6,62




ce from the reference stars cutside the a‘l‘mosphex‘ea The resmlt«‘ are |
"set farth in Table 2, where colwmn L g:wev the wave?l f»ngths, tlxe T v
| meining colmmq ahow the mmorhrmatic 11luminances from the reference

' luminophor

| etars outside the a’omoaphﬂra and fron 't;ha :m ‘érg/c‘mzl' sete

| H sterad*[.,]. 1 cme The ﬁ* ()L) veluas ford Lyrae were takm from 3:
|reze /5/¢ ‘ - - = A

Using the Iﬁ. (),\ vsluep from Table 2y i‘L is possible frcmz Fc«rzm»—
“11a (,,,) to find I ()_,) in erg/cm 'sec} SQe depr, 1351 1 cma

b )) Tghl@r 3 and b ara pt‘esenbed the obgerved ini,en ity valuea by

‘ (?(Z),(And by }x,) far a“l referencc, atars, and the valuc b (A) for ‘ohe
‘ lkminmho”,rowrmg all ‘7 gpectrogréms of the skyg Oolwm desi;zmw ions t
in theae Tables aret ccltmm 1 wa'réiewgth,, a_J. cﬂner columm - valups

jof the obsewed in ﬂ*nsities, The observed illminanﬂes for the ref‘eren«

fee eta,ra hege beﬁn correcteﬁ i‘or aﬁneapbamc ab*orpuon. ‘

The t‘im’,{ reaul’os of.' the study of energy dmt ribution in 'i:ha
cont,umc»usi spr*ctnm of ’r,he vught sky i‘or the clrcmnpolar regrion and |
the region around ﬁ Draconis for &’Ll 7 speo*'rograms taken are presen-
ted in Tetle 5 (1n evg/an” « 520 * sterad "adE1AX 107). To ob-» |
’oam these, the Ig ('/).) values caleulated from Fonmﬂa 3 have to be

mlbd plled oy 3283 c10°8,

3 Hmce, lmnw:m;v C 5 we can detem:i.ne I* ()5 i,e., the i’.uamlinam- I




e e b o gy S bl 7 e

Table 2

[N

L () .
A B Luminophor
BDra | BCyg o Lyr NURR A
] 2 3 4 S5
4000 0.0157 06,0563 0,808 -
4100 0,0152 0, 1037 G, 784
4200 0, ‘o192 | 0 0\353 0, "743
43060 0.0206 . | O, "04%0 0, 1734 .
4400 0,6230 6, '0167 0,885 , o
4500 0 02@5 0,0446 0,612 7,51-107
4600 10,0965 0,0425 0,599 8,20
4700 0.6282 0,0405 0,555 10,8
4800 0,099 0.0387 0,515 17,6
49060 0,0305 0.0%9 0,475 7.90
5000 0,0294 0,0352 0,454 8,06
5100 0,0284 0,0356 0,439 8.47
5260 06,0282 1 O, 10321 .46 8,59
5300 0,025 0.0308 0,407 & 30
5400 0.0299 0,0202 | 0,388 7.89
- 5500 0 0305 0.0279 0 368 6.79
- 5600 - 0,0316 0. 0267 ¢.352 6.07
1K) 0,0317 - 0,0255 0.334 . 577
500 0,0317 0,0243 0.316 5.36
500 G, 0319 6,0733 0,29 4,95
. 60LD 0,0315 0,0723 0,284 - 4,62
6110 0,0305 0,0213 0,267 4,06
6200 0.,0308 0.0204 0.252 3,62
6300 0,036 0,0195 0,236 3,33
64 0,0304 06,0187 0,212 '3,5%
. 6500 0. 0179 0,205 SR

0,0302

In Tsble 5 arP given = in colm*m 1: wavﬂ nngths 3 in volurrm« ,d

‘fthru 83 I ()\») values for a1l 7 speﬂtra, in colwm 9s mean emers’v

2 dlstribuu:'.on acc-ordlng to the i‘mst 5 ﬁﬁeﬂtx‘a (a to e) obta:mea fm :

1the regmn around the celeffbm:}_ polea

It should be noted that. the I,

() spectra obta,inad on Sep 29/30 differ ‘appreciably from ail others

both by the mtentuty o*‘ the I (A) values and by the energy d;.stm-—
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!
' © Tehle '3
- S ‘Luminophor .
. s Cyg o Lyr B Dra B Dra TogmelX .
1“. 1 97/28.1% | 28/28.1X | 28/30.1X 23/24.X ,SPfr‘@f';a‘vP%'“_;a
L . , 1 trum C{tram A
1 2 3 4 5 6 .
4100 C e | o820} 88 .
4200 27 .4 17,2 103 | 96 | Lo
4300 | 28,7 | 18,0 } 12,7 . 10,4 | 2.8 24
- 4400 28'4. | 186 | 148 120 | 39 .31
4500 | 26,9 .| 18,4 17,8 | 14,5 a8 | 31
4600 | 24.8 17,6 | 19,7 | 14,9 | 483 38
Ca700 | 22 | 160 | 18,9 | 133 9y | 57
. 4800 187 1 12,9 | W3 11,3 6,61 65
. 4900 154 | 10,0 i1,9 10,0 3.7 3,0
Cso00 | 134 1.9 | 12,1 | 9.9 4,1 3.2
. 5100 12,2 | 9,2 | 13.4 107 | 4.9 3.9 .
520 | 12,0 |. 97 137 137 | 54 43
5300 | 13,2 10,4 | 159 15,4 6.1 | 4,5
- 5400 15,9 1.3 | 18,0 18,8 6,0 4.5
5E00 17,3 11,8 90’6 | 216 | 5.4 1 44
Ceeoy | 1705 | 12 | 22,8 1 23,0 53 | 43
&0 1 17,8 12,3 23,4 %5 | 54 1 42
5890 192 | 12,6 2.6 | 249 56 | 4.4
kg0 | 20,4 1+ 0 | W02 203 | 57 4.6
6000 | 20,9 | 319 ;| 32,4 | 56 4.7
R [T 218 1. 3.0 | 328 316 | 5.4 4.6
o620 | 21,1 ) | 333 | .35 | 8.0 4.3
. 6300 2.8 | 332 | 3.4 5,1 N
- 6400 2.4 . | {333 | 367 52 | 4.1
Ceso0 | 1909 | X %9 | 50 1 39
CGe00 ! 19,4 ) i 31,0 S -

butions Apparently, this is to be ‘ex;'laihed by the enhanced bﬁghineé# gF

of the sky on that night dus to the surors polaris which was obserwed

= visually about 1 hour later /4/. - IR ST
© For the sake of greater cleamness, the I,(A) values quoted in

Table 5 are fresented inFig, 3 for all days of Gbéer'véd‘;ioﬁ;‘ An ana,-

lyais of this Figure leads to the ‘conclu;gion‘that‘ the energy ‘diéﬁri-ﬁ

pubion in tho range of wavelengths 5500 to 4100 A varies slightly from

k1l
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| tained bv specml invesftl atlons.' The I (2 ) values fcw* tha inhprmem‘

- .|nesses of the emisaion line“ of the n:‘tght sk;y in absclut@ un:d“ Sy l.e.,'

]

1 (A 0] <».rgfc3n2's¢c * gberad (»—-—) &.‘Il-:‘;l Ao

iyl B e Mean of vpect!‘él (a\ ‘
J7a) 280 300 a0 cow Tomas ki ju R o 14 - : s and (6) ‘

-4 oo,oa»ooo ooooo<io‘°o.o;°,°r°‘, * & ~A Allen's data |
A S L « DR ' ‘
A YT L e Se’p‘29/30 apect.rwn (f) |
£ °.|;odoou'doaooe ) T
2 | 29I comimpp, O 2 /21; 6-0 spnctmn(es)
0 T ‘/ AL A spectrum(g*)
¢ .,g‘."i?%'in?, Soi Sep 28/29 o =0 specimm(c)
31 +¥q3.%% ’*".‘Q'ﬁ ) ‘ ] A A “pg,CtM(d)
I} )J/}d!vamzc;i :
! o 6.oa o Bep 28 29 Mean of‘ 8 c‘bra
‘;S:‘ff'.’?fz?‘:z 2‘:99“"9““ ‘”;p / (&) am (*ge)? |
e e , o iE
2 ;.25/2:/:{ bopsils/ - -
3 OQ"Qoboqoa‘ ) ooﬂﬂ.ooolo’oaocia' ;
i;u:v podene w3 oronrpct
4 o , (l}ar&
w s
Flga 3

rmpect to whlch allowmce was made f‘or the instrumental contour as"erm

diate wavelengtha were de’cerrﬁ.ned by interpola’olono o L |

A'Llen‘s pon.nts (tr:.angul.arl:, thmed) have beﬁn plotted on thé‘e'
grapl’: in Fige 4 for purposes of_ comparlsqn. Aq is seen, they dev:n.ate
cdmide”ably bfrom‘ o{n‘ o%vn datc ‘wi'th x"eanect.k to both absoiute vafk.uas
a.nrl energy dlsfrib'xta.on in the spectra. - e

We also det emined, i‘or a:ll 7 spectrograms 3 the intecfral brlchtu-

; | in erg/mn sec sterad. The reml’c.s are set forth in Teble & as

- k3~




followss column 1 ~~_serial nupber ’of‘épecti"a; colﬁmns 2y 3, ‘and L —

intensity values of emission lines, column 5 e~ 4dntegral brightness

of the continuous spectrum of the nigh‘c sky in the wa,veléngth range

between L100 and 6500 A, and colmin 6 == ratio of emission components

to the continucus speeti*um.

‘Table

“Region sround™
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“ A déscripticn
1 = 5) as follows:

versal £ime é,t the

i Ta ble 6

-§pec= ] : A=6500 % Japission ;

Y 57 | £ 10 | oy oeen
trum 5577 5894 | 6300+6364 ;\a‘éo{) | Thw |

i 7 3 ) 5 6
o | 124.00-8] 5.6.10-5] 10,3.10-5| 86,4.10-5| 0,33
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Au may be seen fron zab.he o, the ratlo of tbe .mtegral br:lght.ness
of 'che continuous spectrum to the total bmghtress oi the emlssion ‘

11nes varie., a.ppreciably from one day t.o t,he other. This :,s a conseu
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quence of fiuctuatﬂmve 1n briﬁhtn“SS of the emissmcn 11nes them elves
which may change wi*thm a rme of 21’)0««36'0 per cent . Qn an avemce N

. w Oubl 3 mi.\.h meama- that the sontinmious spe»"trurﬂ pmv:idez:
enission ' ’ R o

I, (A)

ebout LO % of the total brlghtnms of the nocmmal slq, Howmver, at~
tually this’value is ome’whaw‘ overestmsa‘f;ed due to the faNt that the
emission banis in the blue part of +he specﬁrum (Z,BOO - AQOG A) are
| not resclved in a nephalofnetric sneﬁtrograph To a.rri.ve at. & relmblé
' est;mate of Lhn sh@we o.f the contmuous spec'bmm in uhls reglm, the -
observations should be carmad out wi‘r,h an :mstrument ha.mng & mder
range of dlspersj.gm | ‘ e o

In conclusién‘,' the aﬁthors feel qﬁliged to express ’f;hei_zf ﬁhéﬁks
to Acad. V, G, Fesenkov, who auggeé‘béd the subject of this sﬁﬁdy, to 1’ :
N. N, Pariyskiy and L. M. Gir@ilis for their ;ssista;}ce‘duz‘?ing’ the ob-
servations and for placizig at ‘/Qur:dispasal data on ’c,hé energy ‘digtri- 3

bution in the spectrum of the luminophor.
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ON THE COLOR OF THE TWILICHT SKY AT ZENITH
Pp 96 - 107 by Y. B. Divari

In 193? ragdmomtngup /1/ dufuctac differentes in the cu e vP

brightness vari tion th& tvnwngh% wky at nenith ior bWue und ra

ays. Bis ob ervations, which aovered sulme?5enc

bﬂ
%
LS

- R o '
ing 5, & ow%d tnat in red rays the tw&lng st zenith t@rm:n%u@u

G

3" earlier than iﬁ.blie rwfga Yet the spaatrephm wmawrlv obs E”Vﬁﬁl@ﬂ&

carried out in the same J?ar by dufay and Gau zn* /?/ wd rot r&veal

; any'differeﬂce in the “ﬁhltldl‘t%ﬂ ¢rht 1n+enswtzea dep&n@ing O WETE~

length. The utho* fou:a thau in the range of sclar submergﬁﬂce@‘bemv
tween 5 and 8% 30' the energy dlstnzbatlﬁn in theythllyhu‘$pea+xum
remains virtually unchanged, in obher words, the br gh* ness curvea
;ploﬁtéd &s a'functiQﬁ of solar submer genca for the dszeren* wn7bw

dlgm

oy

|Lengths run paraliel to each other. These“fiﬁdlnga were, however,

e

b O Fs

Iproved by later research. Thms, in G. Megrel 1vili /3/ ﬁigco~j

1946 T,

light sky in Qluc and eé

&y

&.‘-

vered that the brightness ratic of the twi

lraye veries, first rising up to an angle of subm,rgen ce of the Suﬂ of

5

110° end falling off thereafber, A like correlation wa established by

Jobeervations

carried out on the

Kanenskoye platesu in 1955. According

‘to Sidentopf‘w

dsta, cited by Bullrich /5/ and Ashburn /6/, the color

Jgtemperature scale of the rediation

£ thé twilight sky varies from -




6500 to 17900°K :culminatihg at a 'submergence angle o‘if“loo .Aéhbufﬂ‘s“ .

measurementq /Y s relating to the spectral region between aao and ﬁ‘.i
750 %/1 disclosed that the energy distrlbut¢on in the visible part of |
t,he gpectrum reachps i‘ou mimmm intemitj near;’, 5&0 m,ga.nd fuxvther, ‘
that the color of the twillvh+ sky chanaes very annreciably wﬁth the  _
degree of submﬁrpence of thc Sun, uadsden /8/, vho performed obqerva»7
t:ona in London in 1956, determined the cbron@tLbity'of the twlllght

| sky under the 1nternat10na] colorlmetric uystem and compared hls re« |
| sults with the computed values. It appeared that the coloration of the
| sky depends on ozone anqorntlon of solar xadlation, wh:ch is in accord

1 with the theoretical reqults of hulbart /9/, who establlshed a strong

o influence of the prebence of ozone on the color of the twillght sky. o

In the Fal] of 1956, we QOﬂducted obJervatlons of the zenithal
: tw1light radxation with the azd of an electrophotometer deamg%ed by
‘f v, I, horoz 730/ and interference light fll ers centered to these wa~”i

| velengths: 367; 369; k053 4375 5543 580 and 593 m The tramsmissjon'

. .| curves for the filters used, taking 1nto account the sensitlvity of

“; the radiation receiver ( an FEU-198 photomultlnller), are ahown in
| Flg. l. Table l glveﬂ thc b&°ic features of eaoh leter.

‘The observatlon were carrled out on the Kamenakoye plateau 3 1
(f 43%,2 W, 2 = 760 56! By He= 11050 m above s.l ) during the pe~ e
riod Oct 9 to Nov l, 1956. 1he ﬁeasurlnv results for tbe twillght s}qys

were expressed in absclute units, viz., in erg/cm -sec-A per 1 sc.
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nd

degree, by tying the values obtained to ster brightness with reduction

to olass G'sﬂ&r‘intensit§*'The‘tranéﬁarency factor needéd’féy the tie

R I

: Fig. 1. Transmission curves of filters (phctommlﬁi~,

" plier sensitivity considered).
fwas deterxmhed on dmt& ob ained by R. 1. Omehinnikdva (ffomfebé#r#am
"tlons of the Sun wzth a halOthatom@tcr) and V. 5, at;aﬁan (from.phom

tographlc obsarv&txons of stara). Tn Table 2 are given the obwerved h

: i T a b l e 1 ‘
. Bagic features of fmlter uged L
No. of Poaxtxoa Of Tronsmissivity Healf-width
filter meximm trans- at maximum, %  of bande < Ramaqu ‘
missivity . ‘ - _pass
o : ol S Interference f13~
ter :
L 367 | 22 | 160 A S
2 Y SRR B [ I 140 Sav
3 405 3 I 110 oA
4 437 T ’23 ] - 90 ) R v &
5 554 22 L8 M
[ B8 | 15 &0 . Lk
7 593 \ 6 | | 310~ & RIS
Glass £ilter
— 0 —
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brlghtness values of the tw1light sky for di*ferent fllters, by steps
of one deérep of arc, averageﬁ from observatlons made on October 9, 12,

i3, lh, 29y JO, 31 anq Novemb@“ 1. -

Fig. 2. Schematic diavfam,of movement of'raya o
for computlng the 1ntenszties of tw&llght lum¢rescerce

(fxrstwcrder scatterlng)

Wlth a v1ew to eval ua+1ng the results obtazned, we comnuted the ’
: 1nuenqit1es of the solar emlsqlon scat ered by the barth's &tmosphereki
~lat dusk for seleﬂted wavelengths. The compdtatlons were carrmed out
"taklng 1nto aﬂcouﬁt radiaulon vcatterlng of the flrst order for the
- eoherlcal atmcsphere, ¢th a den51ty'ﬁastrlbutlon as glven in /11/ and |
maklnn no allowance for refraction and the apparent size of the soldr
alsk. o ‘ | |

Lhe absorotlon of solar rad¢at10n by nure gir alonw’the path 8 A _
(?13. 2.) is determined by the optlcal thickness X. #

1 : ; e ‘   |
X‘"“-"—-'-(a)* n(h;ds,«' i » “)




here n(h) is the num’ner of nartzcles per urm, Vulwna dt the h@'& o‘ht h_ :

atove the Farth's sux face, and n((J) is the mmaber of‘ partiele at sea.

i e

aiyr, tns‘ mﬁnOChY‘OMd'E.&(‘ salar radiation of thc :mtem:xty ] o lS attenua-

-bx

ted at the point A to the valuve I ¢ s where /% is ‘c.he ab.;arnt:iony

coef‘f:: cient of pure e.w,‘ whoce x}*lraes wre ta.km frlc:m ‘!én de hol '»t'
work /12/ . 'lne abe p’m on by ozone along the same oath B8 A is t_aken‘
acbbx‘mt of by the factor‘  > o(x, whereab is the 913 orpﬁion ’coe‘f'f:i-j» o
tiernt of C’)ZD;;@ caJ tmatad per 1 .cm of the reduced ozone thlckmss,
;‘ % ig the *‘ednr‘ed th.;.c}'ne'.ss of the 1ayer of ozone on the pa.th S A and IR

| R s= (muyds, e
‘{ uhorn m(h) is the ozone concentration at, the he ght h. | T
Hence, at the point A the solar radiation intensz.ty eqﬁa’l.‘s'”

'[ e"/ *e~ ’{}“' 'I'ahna, the Raﬁ.ewh indicatrix of sca‘btermg in the’ di-‘ “
,‘ mr‘t ion tom;rd the observer d‘t ‘B s ’ohe energv dls«:npatec' by a un;t :
| volune " v inside the gol 1d ungle dipt is equal to ‘ o L
S I,oBre=ovz (] + cos’:p)p,,dw d'v | (3)
vhers r‘ }. is the air damatv at the heig vh‘r, h, andg{ is ‘bhe scattering‘

Afactor which is velated to the ebsorption coefficient b,/ the ratio 5

("5 - 1 A (the depolamzat:zon far‘tor being taken &8 equal to zero\

LB is detemmed bv the i’actor

l—3
3
o e
'_l
=
"
o
o3
@
(&)
o
*
e
o
=3
o
3
a
-t
®
B
c*
=

& ‘ H s where

" n(O)S‘ﬂ(h)dh_. . e E N (4)




' uubst;‘buﬁng in Ibacpreasmn (3) the emziv&lbnt of dv = hzd «'dh (where "
d&}iu the solm argla at whi "h “km umt dv 'L gesn at the hmght T

- shove the Eaz"’ch‘s surfa,e*e), dividing by l*zdt and inteagratia:w pver

h, get tm fellaw:mg Ex'wrc—,,;.':mm for the ormhtnass of the sky, B
N (‘:‘ » . ‘ . ‘, -
B""iua(l + tos%)dwj 0, € _}M““‘ t“d!z g (5
0 . . . :

The m’rewaiis (”L;, (4), (3) (L), (5) were taken bv the met,hc)d of‘ N~
merlcal int ev'rats.on,'l”a this enfi, the atmsphere was d.mricipd w*;c cor-
centrlc lay ers ‘the foll GWINE tmc}'n 8495 Yem (helgm 0 to 10 Im), '
15 m (hewht 140 km) 10 km (‘fzezght 50 to 150 km) and 5(} o
:: (h 2 15(} km and over) Tlle vq;.lues i‘or the absorptmn coefflc:x :mt of
ozone o were ta}’en frcm refs /13/ afner reducmg same to tne ’?3 mis of f
e, and the ozone dlstrlbution with resmer‘t £0 aj.tﬁ tude, from data rewa"
ported by Joi*nson and m-»wcrk rs'in ref, /11;1 For altﬂ:uries below 20 |
km the owna distribution was taken ac‘cmﬂ’mp ‘cn A, hh.‘ I{hr ian‘
data cited in ref‘e /'1.3/ |

In Table 3 are prasent@d bmghtneoq V?Zﬁlgﬁg calmlmted fw;fm mré “
mala (5), of bhe omlight ak:v for diffaz‘en‘é: vrawlepgths anfl rlif‘zerent
su}‘:@srgeﬁr'eﬂ’ of ’obe S*am wit houh allcmnu for ozone absorption, in 'I‘ab-—
les 4 end 5 smimr data are glvan.,. a.l]owance bemg made fcr abmrp»«

. {tion by ozone at a ta‘oa& ccﬂtwﬂ of the latter of Oo212 and (}oh{‘fc (:m, |

res ;eectively.
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“Teble 3 .-

k Calculated bri'*h’cneso V&‘Lues of the twilight sky in erg/cm ‘sec.A
‘ per 1 sq, degree . - . ‘
(mthout allowlng for ozone absorption)

z@‘! A=0,37 p l ,A-«-:O.éml _k'=.’°._§0;tﬁ"l=.§0.55”}*

By

10,58 p

~5 1254070 | 1000070 ] 1,06-10

001 2,910 - . j| 06 w5
R EAFRRURS 2,407 | 3,1- 107 13,3167 { 3,310 e
14107 | 38107 |4 m“.! 48:107° | 5,0007° |

1.‘5.10“’, 33107 36:0 13,4107 -3{3-.10“7

S R ) 7907 ~0 | 8:3.107°

2,7 10‘ 4, 546“‘" 4,6‘10' 4,2 10 4, o.m‘““

12 28!0 ’ : at

RETR KXY w 3.1 xo 2.5.1o‘f‘3‘ 18 xo | 1s no
1] 1,507 1e0™ | 1507 |, - m 8,4- m

. g k=000p) X=0,65 1:-‘-»0;70‘@‘

1.04.10"‘ 9.7.107° | 7.4 m
3.4. xo 3,410 | 2.9 10
,5010 150107 | 46 to
3,2 107 | 3,107 | 25 m

(=3 u"“di‘-t-‘.:m %

c 10 | 4,307 3‘9-10““ 32-10
o] 130078 | e m 6.5 10
el 7,4007" 5.3- m | 3.4 w o
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Caleoniated brightness
4 g ) o

& per 1 sq. degree (zllowsnce
at a tectal

Calevkated brightness values of the twslight sky in arg/cmgﬂséc;

. feble k|

values of the twilight sky in erg/cmd'sec‘
made’ for ozone absorpbion)
‘ozone content of 0,212 em - ‘

£e 2=0,50 1 | 2=0,56 £ | k=0,58 ju | Ame0,60 2 220,70 p
0| 8,9-107_ 76107 66107 6,207 [ 69107
2 2.6.10;, 2,110 1,807 "‘;,8;10“‘5;; 2,610
4| 87007 2‘;6-1af“‘: -2,’3410’"‘: 2,’2.19“‘: 411070
6| 20107 | 180077 | 13007 | 1,2107 PRELIE
8 ’ -: l! 3'9"6" ! 7 3‘1’10'-9 | , ‘ | v s » ’?«;
o | 38107 | 24070 | rei0T! | g0l 27007
1w 400" 1,107 L o307 | 60007
180} - 9,0-10 ° 6,7.'1()““'5 5,3’:10"?‘_ '3‘,25:’@"‘5
- Tabl

A per 1 sq.

degree {allowance made for ozone sbsorption)
at a total ozone content of 0,400 am

e 5

1=0,50 u

7\:-.0,58 e

?\::.‘0,60 y.“

).::"-O;ﬁvﬁ ;‘.i

i=070 F;x

160

8,0.10™° |
2,2.107°
3,1.107°
2,3:107

8,10

5,6
1,4
1,7
1.1
2,1

1,71
1,3

ERE(

| 4,410 |
11078
1.1:107°
5.6.107"
1,407
IRB I
g0

l 6.0.107"

4.0:107°
-5

1,0.107

. .

35,8107

1,0.107"

8.0-10 "

5.2.107" ; ”

6,310
2.0.107°
2,6:107°
1,307

6,4-10 °
2.4.107°
3,6.107°
1,8:10""




Conparison of the caleulated and cbserved brightness values brings
out the fact that the intensity of the observed twilight Juminescende

for all wavelengths of the visible part of the spectrum is fairly close)’

to the intensity of scatiered rediation of the first order in the range R S

+

' 0 (o} .
of solar submergence between §° and & o5 onlye

At

L]

reater submergences the chserved intensities, as is seen from

Figse 354s5 and 6, are by several orders higher than the computed scabe

tering intensities of the first order, This result is in accord with
Hulbart's results /9/, who made a comparison of the camputed brightness
with the velues obbained by observaetions on the peak of Sicramentos
43'1‘
i . \
.8 ‘
# 8
’ 4 7 1
. i
9 §
u”, &
T 5
' % Vil
Frat e ' e e #H
o & AR “ g 5 , A
SEETTTETTTE B pa
Fig. 3. Comparison of observed  Fige ks Comparison of observed
brightnesses (crosslets) of the . brightnesses (erosslets) of the

twllight sky forA= 0.37Muith the twilight sky forA = QO bl ywith
computed velues (scattering of the the computed values (scattering of
first order)e .~ the first order)e ~




13

» o s J 4 —F ﬂ‘.’;; N 7,. g
Fié{75.f"Cdﬁpafison‘df‘obéervéd'brighﬁnéés (crosslets of

‘the twilight sky for = 0.55 with computed values =
- {scattering of the first order et 0.30 cm ozone).

czovk : ) \gw

sl ‘..,’\.‘

1 ' IR

‘Fig, 6. Comparison of observed brighthess (crosslets of
the twilight sky for = 0,58 - with computed values
/(scattering of the first order at 0,30 cm ozone)s .




 As is a.pparent ;t‘rom t.hz graphs (Figm 3 to 6), at g° ,5 and up, v
coxmting only scat.ter'.mg of the first ordnr gives brigktneas valuas
even below tncse of ‘ohe night ky (at submergences g@w 18%,) I‘%, can
thus be assmned that in the c&se of - anbmergences of the &_n eyeeeding

.5 radla,ta.on saattemng cf the ﬁrst orcier pla}fs & negligibly small :
- part in the aggregate zenithal rafimmw flvz in all regions of the
visible sectrm, o | S

" The ebsewatisnal d&ﬁm obt.ained allc;w of an estimation as to the

celc:r of the twilight slry% balcing a9 a chamctemstic ‘the color tempe«-

bhe observed enerpy distribution in tie dn ate@ o

,rature, a.s was alsc done b,, Sidentopf /5,6/ As was to be eypecteci re- | '
gion of the spectm cantiot be represented by ’ohe tﬁrpemture value

alona; ’i‘h#r*«"fc-reg the spectral region under absemtion was dividead
.int.o two parts, ViZey £rom 37() o 440 mgﬁaﬁd from I;LQ ta 600 mM The
color tempsarafure Was datﬂmmed Hy way of campdrison of the c;bserved
dis’r ribution with Planck’s dis rib ablon calc:ulated fcsr severe.l tmpera- :
twe ' o

The nmean values of the colmc' ‘bemparatures for the two spectz'al

iregﬁ.ons are set forth in Table 6,

Mean walues of wlor temperatures de'temin@d from P.:.anck*s
o curves o
e i P 3?*‘4_0 50 | 6o 76, so | oo | 100 m‘ i2* tw 150 | 16
‘Reglon . | ‘ , | ‘
370440 mp u i 12 1311211313 :12 :
Reglion , B D B l b
H0--600 mp le 16 21 24 o4 | 27 |34 | 37 3:}}7 0| 71 615

- 5 8 —

ERIE!



A.e ie seen from the tamlated data, the color temperature for the

sre otral region MD to 600 n & varies as & fm’ition of the Suns's emb-

of about 10%, In the bluve part of the spectmn (in the interwl of.'

370 to L]AO n u,) these variatims are almovt competely absent. It oan

iy responsib]e for changes in the ooloratioq of the tmlight eky, this
interval, indeed, is identical with Chappuis' band - the regz.on of

the observed energy dlstribution vﬁth the correspondmg theoretical
E values. ‘ | ' ‘ ‘

Platted on the graphs 1n F:Lg. 7 are the cuwes of energy dietrihu-a
“{tion in the spectrum of the twillght slq,r for submergences of O ,2 ,ly |

for the pure atmosobere (upper curve=)° Also shown are distmbution ‘cu
ves obtained when allow:ing for the presence of o'z.one estimated at 2
j0,212 am (middle curves) and 0.!;00 cm (lower oumes)‘ 'I‘he observed
brightness values are marked with CI‘OSSle'bBo As will be noted from the
| ‘ graphs, the observed energy distribution is in a very great measure o
acoounted for by ozone absorpt:.on in the Chappuis band. ko | ‘ 7

At sola:r submergences of 2° and ho it proved closest to the dis-
| ;tribution correepondmg to a tote.l ozone content of h mm. At submers-

‘ j gences exceeding 6 the observed brightness values, a8 mentioned above,

and 6 E so camputed as to take eccount eolely of first-order scattering'

: ‘mergence below the horizon, reaoh:mp' 1ts maxtmm value at & suhnergenoe SRR
- accordmgly be aesumed, that the reg:mn between LIO and 600 mjjp is main-

| ozone absorpta.on. This concluaion 1s substantiated by a comparn.son of 2

¥

‘ oe.nnot be repreaented by values computed with scattering of the fix st
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‘to be conqiderably 1n excess of the thear@tical valuese

émay serve as another characterlatic of th& color of the twilmghu g v. .

’iT&ble 7 g:ves the values for thﬁ observed brlghtness ratmes in twm renf

-

BT RO

No ta N Ry

~h o A

-.,3’:'?,' i ,’“”5“

Flg‘ Te Lnergy dxufributieu in the" suectrum of the twllight ak;
at different degrees of solar submergence., Crosslets denote ob- -
served valueés, points- valugs calculated for scattering of the . .
fxrst order at dmfferent ozone confents lndlﬂated in the texte -

order alone being t&ken 1n£o accountﬂ‘ For thiq r=eason,a the Qbserv@d

brzghtnessas POPTGQPGHanQ to the energy dxﬂtrlbutjon curves are fourd"

The ra*ug of the radiatlan 4nt9nslt1es in twm sne»tral reglmnu




g:l.ons of the snectnmu As is’ appax ant from the data in this Table,

the blue par*h of the spe cbrum ()\(zu,o n f‘) these rat:Los «mr'y inappra»—

Jof the blue part of the spec‘(mm to Ghappfuia' bwd (Brd, Lth and Sth
columns) e - This entirely agrees with the remﬂt obtained above in the

discussion of the color temperaturem

In order to define more accurately the reawons for the diffemnt

course of the ra.diation-intemity ratlo in the blue and yallow—-green

' §a.:u' (lcwer eumres) and the ozonous a.tmosphere conta;i.n:lng '8, total of
00212 cm (second curves frcm bottom) s 0300 cm (t.hird curves from bob-

tam) and O;M)O cm (uppe'r curves). |

_ F‘ig. 8« Gompar Ssom of obnerved IM :DfI55 0 ratios (crossle‘os) wlth the
cmt;mt.ea values for aca.ttermg of the first’ ordar at d:.i'fere*m ozene

o héﬁtﬁ%.‘? dndivaled . m 'bhg tmy

‘ eiably (aecond and third colmnns) a8 compared w:i.th ‘ohe intensity ratioﬂ :

parts of the epectrwn it is interesting to compare ’che obser'ved va:}_u.es ‘
e for ’ohese ratios w:xth t,he computed ones, TFigse g and 9 show t.he ca.'leu-

i;|_a—z-,e<:i smoothed curves for t.he rauios I /ISSO and Il« 1;0/1530 ‘for pura

SRS : vt
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e T

Figa 96 Camparlson of Obﬁevved Iag0/158ﬂ ratios (crosslets) wmth the‘
campuued “alues for scatterlnp of the flrst order at different ozone

contents 1ndlaa$ed in the teyta .

As ‘seen from the graphu, the ebsarved trend.of the ratlo ﬁ’£37/

5c; (marked w1tb eros leta) corre%munds bemt to the ozone ccntent of
p2) :

106500 emg whlch accords wmth the results plotted on the graphw_in
‘1Fige 7. (Nota that the observnd valune of these ratioa for th@ case. ;*j
; g¢35'10° are ncu sﬁcwn on the graphs of Figsg 8 and b bec ause they dm;
; verge vcry qtrongly from all the remaining valu@s), Th@ deaorlbed inn
,'tenslty ratios of the twiliaht adiation largexy depend Qn the ozone
{eontent, which can be ‘made usa 0 for determinlng its proportmon in
the terrestrial aumc phere at dnskg Howaver, the obgerved trend of
‘ the brightness ratios of the twnllght sky onlj aﬁrees wlth the campu-‘
ted values at solar mﬂunergences up to 8 - 9° Abave this mbrk; the ‘

observed values are lees than the theoratical ones. o o




: This showa that at hke degrees of suhmergence 'bwilnght comes to an

end &b zenii.h and 'a trar;s:.tiuhal periﬁd begms that leads over to nighh .

the case o.f.‘ 1aa:ge sumergenoes of tha Sun ia due “to the fact th&t aﬁ
. night the' radlatn_on .m‘oensitv in the yellcm-grem part of the spectm T
-prevails over that of the blue pam In ccmitions of early twilight s
the owposlte picture is obaerved fm that the intensity af ’che blue T
rays e:sceeeds that of 'bhe red ones. We havc to cancludea fmm ’chia that‘
t.wihgnt a’c zen:lth ends at a,bout 8 to 9° The mterval from 9° to llp y
N R S U O fﬁfﬁl“ Teble '? |

Obs;emd va.lues of the intensity ratios of ’c-wo diffarenh

1

spectral regn,ons of the twilig% slqy
£e Lallan | lsellaa Aiwlless | "437/",536’ el
Qo' 1.2 15 i,8 12,2 2,2
3 . 1,1 1,6 2,0 2,4 27
1 172 101 2.2 3% | - 30
5 1.3 1.2 2.3 39 310
6 1.2 I, 2.8 3.4 3.4
7 1,3 1.2 2'5 3'5 39
8 1.2 12 2.5 3'7 35
g 1.2 ¥ 2'6 3.9 43
10 13 0,93 3.7 56 o 5%
11 i,3 J 13 2.4 3.8 3,7
12 16 15 2'0 30wl ooan
13 1.3 ‘2 1.4 AR 920
14 1,3 1,2 1.1 1,6 1.4 -
15 <l 4.2 1,2 0,75 b1 1,0
6 . 14 | ne oo 094 | 0.8
A 1,3 1,1 4,61 82 0,82
i8¢ | 1.6 03 .1 044 070 S 075

may be regéﬁded és intemediate between twi.'@gh‘b and night. At over

+

-t:‘uneo ‘I’he sharp fall in the observed values of the ra‘oit:as concev'zed :.‘in T i
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15° of 9uhmergence nlghtflme condit:nna begmn to establish themqelves.
Tha observed characteflstacs of the energy dmatribubion in the
spectrum of the twmlihht sky ave dependent not only upnn the presence

| Qf ozona bt also upon th@ general ccnditionq of llghi abeorption in
the Eartb s a‘cmos*oh@re° Ay gartmoul¢rly utronp 1nfluence on the forman;
tlon of the ohservable ﬂpectrum of the tw1light oky ic exprtbd by the '
‘ altitude of thﬁ saucalled efzectxve tmdllght rays at dlffG“Eﬂb degree
lof solar submergence and different wavelengtha._ These‘altxﬁudes w?r?,}
peéufé& graphicallyfroﬁféurvésléfztheHquantityofligﬁtscétﬁeredper
unit volume of th?‘terféétr%;l stmosphere, plotted as a fﬁhétioﬁ of? f ‘
1‘fheiaht above the- surface of the Eapthe . | ; “,k
| “As evidenced bJ the data 1n Table 8 and Flg. 10, at small eubmeru‘;
‘@gencﬂe of the Sun the dlfferenre in altitude of the effectJV? twiliphﬁi
ray for QL = 370 andd = 700 mu reaches 20 ko - inasmnch as at a g:iven N}

51nstant the effective twillnht ray for short»wave radlation pTvVFS to ¥

o be hlyrer than for that of greater w?velength, he qpectral distribu~ 3

f‘t:on is liable to be of 10wer intensmty in the extrane blae part of   ;
-fthe spectrqm as compared with Lhe dlstributlon coxvespondlng to R9f~ Jf
| leigh ucatterlng. Furthennore, since &t mncr@&smng nles of so]ar
E submergenre the difference in altitudes of the effectlve twilxght raycék
Ekdecreases (as illustrated by Flg. 10), the relative lntensity of the E
; blue radmdtlon *ncreaees and, convequently) the abovp examnned l;nht

intensitv ratlos betwean blue and yellow»green rays are bouhd ta in~A 

credse, tao.




VL .

a‘;'w w_ f;f 7

_;;Figa 20. Laﬁarlthm of the height of the twilight ray ag‘a -

‘funcﬁmn of the sc:s'lar summrgem@ for dszeront vmwlengthsg

| The relatwely :Large ei‘fectlve heigh*' of bhe tw:i.l:x.,vm rav fcr t.he
T mveleuath% 37\) mk is tc be held respon sible for the 1cw values of'

: twillrht sky brlbwtnass camputed for this waveleﬂgth (v. Flge 7), Yet,,
: th@ omerwd value:v at the same wavelength rmved mx Icele hwh&r 'bham
“ _’che compubed values (v' Figse 3 and TYe This differanoe i'a attribut«» .
able 'bc; t;he s’s'cong effect of scattermg‘of the hlgher c;z‘ders in “bha N
case c»f‘ sucb siwrt wa.velengths. An analysm of the opbwal properbs.ea‘
' "of the Earth's atmosphnre by the tml:.o*ht investwation m@thod has *ho

'_ taka accozmt of the :f.‘avt tlwt the rcws “of varlous vmvelength supmly inw
j‘omﬂ‘tz,on about dif’ferent leve s of ’she harth's atmawphwrﬁ a‘c. one anri

the same instante Furthemore, one hau to bear in m;md that the w:ndth

- {of the twilight rays dif_‘fers fpr the d;fferent wavelength& In 'bhm




o !: 
respect, preference ahould be given to blue raysy in which the trri-

. lz.gh’o ray :Ls substantiallv narrower than in red rays.
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SOME MS%TS OI‘ MEASURBMENTS OF THE INDICATRICES OF A
SGATTJRIN : AND THE POLARIZATION OF LIGHT IN THE GROUND
; - IAYER OF THE ATM%E’HEHE 2
Ppo 108 = 117 . wTnh Toﬁcmm
The w?serﬁ, v.ork grmes gons of the resulta obtamed in detemiw“
nmg the a.bsolu‘be and re'mtive mdicatmcns of.‘ the pola.mzation of .
light in the ground laye'ﬂ of the &tmns;phere as well as the dbgree ei'"
polariwataon at mfferem vcattering ang"w | & |

Tne measumnents cf the indicatrices of scat‘bermg a.nd oi‘ the

dearee of pc:»larwatlon vrere carz'iad oub 'by the photaelectr'ic method ‘V

at the mountain obaervatary (L1459 m shove sea 1evel) of the Astrophym 1

: s:wal Institute of fhe Academ' of Scienaes of the Kaza, MQR. v Tha

iﬂho*‘:a i phatomater, desigzed b,,r B group e:)f warkers of the Inm
sm.tutﬂ /l/ P consisted cf an horizonbal 'bube n’*mmwd cn a brc.ckete Th@
la’cter was c&pable of being ro’caﬁeci a.reum 1ts ve:rticel ms mth 'bhe
aid ef 8 systcm of cagw,zaels and worm gears dr:wen by a motore By 8 ;'

means of 2 speciﬁl relay, the phobmne'ber was mtoma'tiaally mw:%tuhed el

.fo and on by steps of 10 3 :!.tc‘ reaamg being rar‘o%ded either on a g

galvammeter osclllegmph (lo.st variant) or & mirror galvanmetpr _
(f:.rs* variant)s Ae & piekuy we used a FEU=—19N phatmnul"blpher comec.

ted w:.th a auick—aum,ng ‘c.wo» taae d,@, mnpl.:.fier /2/.

Light fl&ters were used to separate out{a specified specurel re- 5' “

giona "The effective wavelength of the system optics-—pha‘scmultiplier o

f:.lter was 11,95 " }4, for ob'"erva.tians canducted after August 15, 1958, )

e




!

11957), A lumirophor (remresent ing & surface covered w:Lth & 1zmmegc°r~t
B com'oound of eteadv L.ctlon)v:as used for cbeclfz.ngl the sens:.sit:i venesw of

" the apnaratu«; dumng the owration Sy 11:3 reading being recordod at the

v cona:.sted of two 1enses, the distance betwep which was equa.t to thc

- jsum of ’c.heir i‘ocal ‘Leﬂgths (Fa.bri's ysten /l/).
. sysuem. It. Wasg fed from a hn.gh-voltarfe ele:;zt“cnically stablli erl Wa«-‘

ozt of 100 ma,
L polatmg an elpctromagnetlc vol*bage stabﬂzzer of the typc SNE - 390 -

“ : vol'oage of the photamult:.plier with an accuracy of the order of 0.01 .
- o 0.02‘”’ whlch, in turn, enaured a degree of s’cabil:.ty of the photmnul-—

' tiplier anplification o within 1 to 0.2%

lof replacing the origi.nal 500 W c.mematic Lamps by two 1amps connec’oed |

:l.n ser;es.‘ Both theae 1amps wer e= plaeed close to the i‘ocal po-lnt of

and 520 r y for earlier observat‘;‘.ons (begir’ming of 1.9 8 and end of

bevtmmg and end of the obqev'vatmnv. ~The cﬁtics of the photometev

'I'he FE:U - 19 M ,:motomu‘! :Lplier was placed behind 'ohe opt:.cal
1 rec‘cifler supply'mg an outﬂut voltaffe of 500 to 1000 v at a current

uuffn,cient stabillty of the eurrent voltape feedinb the pho'c.omulti-«

plier was mainbained by mea.ns of twofold st abillza.tion,vizu by inter«- \

Qa5 between the power source a.nd the h:.ghmvoltape VVS-l rectifier. Such

a t'«mfold stabilmamon mehhod made :st podsible to minta:ln the :mput

In the cor‘cludlnp tests, the capac:Lty of the projection apparatua

*c“eati.ng a parallel beam of light /1/ was slightly incraased by means R S

the sondenser lens (foca.l 1enoth: 362 m). For °°n*‘r°uj'm and regul a- |

___' .




~|ting the eurrpnt f‘eedmv tke prodﬁctor iampg, we 1n%ertéﬂ an ammetﬁr mL |
the first c¢4wQ andéiiﬂdlng caﬂt&ﬁt rheostat whmrh 4&3?@& to keew tha
cireuit stable during the obge 0na;‘"’ | DR
Thc tape af ‘the gelvaxmueter ovci]lagranh was Phﬁ&kﬁﬁ bv*meana ai 1
PFh typa meter. It is arue tba% the aecaraeJ or the in,enqsz'me&w'
surements is reatrictaﬂ bg Ln@ amall wmﬁth of the ogﬁillog%aph tanas
‘Hawmver, by'varymn  the rauge of amrﬂiflcat¢on during bhp ﬁﬁi“ remenﬁg
=37 dlffﬁr"ﬂu angieq Qf $cﬂtta*§ng, it iwxanm&lhle in all aaﬁes tc obm
taln a pnrceptible readinv on the osamllogr@nh tapeﬁ mhivh penmita af ’
meﬂfsvm;ng the 1ntansiﬁy-mea@uremﬁnts with aﬁauraﬁy‘af abont Bmg’Tha
finesy y’aL the ﬁhvﬁﬁlhmineﬁﬂwnbﬂ of thﬁ ayparatus (iﬁeag the pfﬁparw‘ “
v denal it Ly of thn phgbovurrent of lﬁw illumsnarca) wws cﬁwfked by way
of meﬂauriﬁg ‘the brlgqtne g of a.lzght source with three n@qual fiiter&‘
end wathca? 1 ltﬂ?; Far tkds puryaaw e utilized “the tbrce neutral fllw
‘kbers HS«%SamQafﬂd f the s@allw ize tVBe ﬁog 228, haﬂxng a thl?kﬂﬁ&ﬁ ‘of
D o axid an.ehtlcal dens:ty of 2,00, Q‘8ﬁ.and O 26, respmvtmvely, »Ink
:h graphxcal ramreuentdt%en, with the lgvarithm of hw intenelty pl@tted
-bn the sxis of the &bscxssaeﬁ and th@ corresponding cptica& densxﬁ¢e° o
;i§}§izt;rd;n&tés, a l¢n9ar courge of the phntcmatev scale is binnﬁ to
~vresult in a 5traigh* lineﬁ Flgc 1 whcws such 2 granh cbtained on tha :
’Fbxais of tuc serues af measuremants, In the aheence of 8 fxluér

ya(fourtk pclnt) the opt;cal aen31ty is equal to zéroe As ig seen fram

lthis Fipire,




the dis‘bribution of the points a.}_ong the. s‘ovaight lz.ne is aa:biefactom |
*Hence,the ljnearity o; tho photometer scale readings in the range of
the intensitiea measured may be remrded as proveno '
| " The method of meas‘urmg the ]jght-scattermg ind,ica'briees con-- |
sisted in either rscording the intens:rhy of the light scattered from E
the pmjeated beam of 1ight, at dlfferent scat’c.ering angles ’ by steps
of from 10 to 20° bn the tape of the galvmometer oscillograph or ta—-
king the in‘oeneity read:.ngs 'with the help of t.he PS - 26 mirror gal-- *

vanometer,




. |

In dete?mining the degree of polamzatmn of the gcattered 1ight we
pl&eed in front of the "mlei, lens a polarom i‘.wt'ed for bem:r fmed i~1
"ﬁhree poaitlons d:x.suanced 60 from ear*h other, ""he absmce m‘ hg,h‘t,

| polarization 1 the anpara Liis Was vemfled in the fcllom.ng w**y., The
photaneter was illum:ma'beﬁ with nonpalarmed li,:,ht@ To tms end R tha‘ o
mlet aparture of the phoi cneter was cwered with twa layem of tmw
cing clﬁth and wae &moseci to ﬂw ds.ff‘used 11,ght prevml:mg in the o’*
sarvatg on pavili on during the dayuime s wi’uh the top xmtmght}qf c:lcnsed
. to leava a sl:.t, As chown bgr Ps Neo Bo*xkc»"s testc,, trammg clcvth is a
v pocd dépolarizers ’I‘herz‘eafter, the 11ght mtenmties were measured ab
l¢ires posdtions’ of the polaro.;.d differing from each other by 6.

tnis case, the photocurrent was meaaured with the PS~26 n\:Lrvor galvaw
nwé ter, If there is polarimtion of hghb in the apparatu::e, the Tea~
dings taken must differ fmm emch others The results of six series c;f
these measur@ments are set fox".:h in T&ble l (thﬁ last lme gi*ms t,hca |
_;pmaan va.‘l.ues of all the series), ‘I‘he: da’oa ‘stated show thab the polarmm ":7':

|zation in the apparatus does not em,eed the measuremenb evmrn .
: : AR e Tab}e :

Polaroid position P 2 3 S
Galvancmeter readings | A e
| N @ ] w0
40 40 40 Sk
- 43 43 -} 4y
B R S T -
47 S B &
53 't &3 52
Mean resding vélues oAy . 4’1  - N




“ t.he luminous flux smttered per unit volume per unit of the sol.’:d mg—-
Hof a standard screen illmina*‘aed by the projac’ced beam af light., whnse

: *bermined from the Expressio

B A
;&(3) B:‘%B rYe cosz T
‘ oreen .

+ lwhere B ( 6 ) is t.he brigm;ness of the acat‘bered light in the direction
l‘; ; ) is the br'ightness of the standard Bcreen with lmovm a.lbedo ‘

| ‘ A, e. is the angle between the photcmeter aa:ia a.nd the nozmal t.o the

projected beam; h is the beam width. - e T N

The results of nmasurmg the indicatrices are pa.rbially reparhed

"oic of the indicatrices of sca,t*bering a rather arbztrary qnanti’c.y, viz.
‘ ‘frbhe ratio of the in'c.ensi’cy of scattering a.t an a.ngle of 10° t.o tha.t of

In order to determine thp absolute scat.tering indicatrd.cea, i.e.,
| le erx;ressed in units of the incn.dent £lux, we measured the brightnesa -

albedo vas lmown, Then the absolute indicatrice cf scattering 15 de~ 1

| ;m ref. /1/ . However, $h that work we ook as the asymetry characteris- ‘




140°. To prome‘c,e r'emnambﬁiﬁv of our ¢ iata Wit {t\ifs'ébfy”aﬁd 'Wi‘c}ﬁ" %‘::.hds'e' |
of othe u’rhor.;g we cmmutcxi in the ymeswn* work the aqmetw co@fm—n
cients of the fluxef' ’*; whmh are dnte,m‘,rwd b" thv m tio of' thﬁ m}r
(se&ttered in a “forémrd" ch.rectwm 'i_,e,,, tmx»rd sC atmmmr arn G,les be-w o

low ‘9(} » 4o the ‘flux sC at‘cerei Mhaclkward! s da€uy tmwarcl t.he regmn c:sf

angles above %Oa :

B

‘.73:-
p(&)sin@da

‘N’;;!r"'ﬂ_! o_,}w

‘Beth the numerator and the denominator of Exp e"‘ﬂj.on (1) a;re detemined

by the me+hod of rmmewzf'al m’c,em*atim (Lra.nezé method. .m whmh d 9‘
was teken to equal L) )e The values of the coef; mﬁ.entqt for tha d.uf‘m
‘ feren‘r oosamtiun da,fs are g:.ven in Tab'l.e 2, colmm e o : B

) dn orde;r to Glle":i fy ‘ohe pa.rt played by atmoanhemo aerosola m the
s;attéring o' .hght in uh@ ground 1mz'cr oi‘ the atmosphere, thr» arwo*aol
indiczbrix ’of scatiering was sep parated out i‘::m each day of b c,mratmm
|For this pm'pose, the theore’c,z ces.lly co*mu’wd Raleﬁw}; mdn.eatrm w&s
| subtracted f‘:r'om the ab ,olu"be 1nci:matmy ob+a1ned d::r@cu‘ly fron thc: ob—-;

] ‘”OWS.!.J 01’1

- Ag :1.s know‘n the Rdl&ll{’h }ight sc&twrmg coefi‘mmma{ , shcmna

what par’c of the flux is @cattered per unlt vclwne in tha dmrectmn 6

v——— s o




/within the wnit uolid ang?,.e ir the presence of a mcleoular atmﬁsphex-e,
is determined :m the follo«emg manners | |

= ';"};;ﬁ:ly ll+cos'9). -

vrhere N is Loachmdt's munbex" )( io the wzvelength nf hgrht :m cm, ;
n is the coeff:».cient of air reg”action,. In calczﬂating the I‘r.alﬁigh
scu‘otering 1nd1ca:briy, we asmnned n--l = 0.000293 3 N =2 687’( 1613
‘ We then calculated the sca’oterinzz coeff:.c:ents per un:l‘b alr vo-
1 tume for the different ob rvatmn dayza and compared them with the ’
| ‘va.'Lue for the Rale:.gh a:bmosphﬂre. The coefflcients were determined
| by way of intevrating the absolute values of the scatter:mé :.rxdn.cat- |

rmes over a.ll anglec: oi‘ scattering

i ‘aazuj'p(e)smede.




(/b'ia 1549)4») was found i‘or 100110195?5 Obsemts.ons on 949.L9)8 were

3

jeffic 1ent for the ground layﬁ'x‘ of the atvahere, as detemm-r’ from

gobswmtional dste, is taken &s IOx,;;, the aera.;ol *cefo ,er:m\, is found

éthe as ymm%ry coefflc::.ent of the fluxes i‘or the aerouol s:ﬁattermg,n a
:m sbric» analogy to the calculatmn ofﬂlfmm Ex;r essicn {l)e ’Fh@ ‘m“-

ilues of the coefficients so detem:.md m‘e sbated :Ln ‘I‘able 2, cc:slm;m ?e

: iably washed oute Those on 1(}.,13_,19;7 were fol] m«.ed b}' pmvip.:.ﬁ?’tions,

| the observation ;;oumal i‘or that da;;r not es ‘.Low-»lyﬁng conﬁlnuous claudl-

[

““é“‘f’ be batween 60 am %cg), R o ,4.. B : o

On the basxs of the aeros f:ZL inoico,um,r*es we were a,ble to da’wmin&

. Colmm 3 of Tdble 2 gives t.h@ ratms of the covfi‘lcients of acs-*bn
termg per un:lt volmne of the atmosphpmc a:I:c', dﬁu s t.o thc cmfﬁcmrbs
of acat’aemng in the Haleigh utmosnhere, &‘\, o BRI
Trn, 1&9.@'&: va lm, obtcm:med tzy ns for the aSMEtI'}’ ccei‘f:.cisn% of

the aemsol ind: c,atrix ia 3..69 as on 9‘9.19586 The Mrgmt aceffncz_ent

preceded by slz.gm precipitatiﬂns ) 50 +he larg;e pa::*tm‘l.eﬁ were g‘emmu

rness a.rd a few drops of rain £al. :ng toward the end of the obs ervatlona o
the relative hmudity he:mgr close to lOO%«; On the night of 11/12 Octobsr
*there were pmec'i.v*lta.t:«.,ons In this cass, most probab}y, 'bhe 1:3.9‘11‘, sca‘om

Lering C’C”m"?d in the presence of rela.‘mvely la'rga moia? aevosolm

As 2 res’ultbof thé‘ée caleulations it was fomxd that t‘dé écatterihg' :

phere 1.5 tc 15 thnes, .[% fcu,lcw from thms tbet ii ‘o}m sraﬁ;‘c”,mg cow o 2

76

“wmoras o

v -



.

Appreclable asymmetry coofflcientg of the dnro s61. 1ndxcatr1ces of gy

scatterlng were also found on 16 end 17 October 1957 and on 22 Janu;ry
;195 The following notes are found in the Jjournal for these daye..f,‘ |
'10.16, Clear, Soil still moist after precipmtations of 10.12. Pro-:  ;i‘3L'”
',jected beam clearly v1sible agalnst the sky. Mountain. anowhcovered., fi
10 17. Clear.Bean appears less bright than on. the day bafore.‘  x
Thus, on 16 and 17 October, $00, the scatterlnd occurred 1n thé 1  “ih o
presence of moist a@rosols. The same applies to 1. 22 1958.‘ . |

1.22. Clear. Deep snow. Beneakh the observatory town wrapped 1n'

mist. Oh 235 2; 25 and 26 October - clear. Ko fog noted. Relatively B

smallzat'values for these days.

£ 10, BQ'Dry;‘Considefable”duS'.VSpecks of dust c1ear1y viSible‘ink 
{ projected bean. Suw&l.? coefficient (3. 87). . B L
It is known from Shifrin's worle /L/ that for an extremela large =
campletely reflectlng part1c1e the asynmebry caefflcient h does not $
exceed 3.05. Tt is to be asaumed, tkerefore, that on 3 October the’ .rF%"5;"
scattering partlcles conszsted of =pecks of dust mixed w1th wet aauavro-—ui
sols. S | :
The mean value for the #symmetry coeffloient ontalned by us ab;ié
‘i. cords well wlth the asymmetry coefflcientA” =6, hl resultmng from  “{

Bullrich‘s mean datﬂ for the 1ndicatr1ces of scutte*ing /5/

FOltZlk /6/ obtained for the VlSlble spectral reaion 2 som?what

hlgher value for{; = 8, 17. A stnll 1arger value results from Slden~”f




I

i

topf!s work /’?/ s Vizet ﬁty = ‘.Li 5.' Analyzmg thé dat.a. :m Table' 3, .itb
was not possible to fird ... (0m1551c&. iranslator's ngte,) In soma

| ‘cases, e,g., on 't afd 8 September 1958, large valuea of the seat+ar1nw'
coefficient correqpand tc small asymmetry coefficients%%z ) and vice ;
versa, é. g., on 10, 17 195?¢ Th@s contrad1c+s to ‘some extent the re~ |

sults‘ref rted by Foitzik, bub aggrees well with those obtained by

|Ye. V. PyaSROstayaufes@nkcva /8/ for the whole azmosghere. In /8/ tha_
|latter author p01nts oub that the 1nd1ca$r1x af scatterlng may havnvf* E ;gé _1
a different form for the game localiﬁy and at the same transparency | |
{ factor; on the ba51s of substantmal observational data, she prcves the‘
) sbsence of a'slnglemvalued correlaﬁian‘between the transpareney fagtor
jof the atmosphére and the luminous fluxydi'spersed in the direcﬁon‘df
Esmall scatterlng anglesa. H | , ‘ “" |  . o L
The degres of polar;zatian for the dlfferent angles of sc&tterlng?
é was determined by’V G, F&senkov's method. /9/ which consists in msasn |
,1ur1ng the intensities of scattered llght at three positions of the pou:
: laroid at 1ntervals of 600 If these inten51ties be designated, re- .

f spectively, by I

1? I and 13, the dearee cf palarlzatlon is' determined
- jfrom ‘bhe‘“Efrpresswn- ] 1; 247, ﬂ, = lz) + lz(lz-— @-ﬁ» I5 {1 - m

In order to evaluate tbe error in determlnlng the degree of pola~é
‘rization, one has to flnd the error in determinlng the intensitles Il ,
, 12 and 3

The mamn sources of error in the deternlnatlon of I 1nclude the{




following- L | t
1. Errors of the photoelectric method-

2. Errors Oﬂcurring in recordlng the 1nten31tles on the tape of;

the galvanometer cacillograph (due to the inconsiderable width of the “:jt‘ L

| ‘t‘ai‘Jé)Vs‘ | o PSRN e
3. brrors due to brightness fluvtuatlono of the projected beam;i f B
The photoelectric method permits of measurlng fhe 1ntens:ty of T :f
scattered 11ght to wnthln 0.5 to 1 % The accuracy of measurlng the e.;
flnuensities recordsd on the tape of the galvanometer osc;}lograph ?3,~
| of the order of from 2.5 to 3 %, It should be noted that the gréater
 'part of the materlal on the determlnatlon of the deuree of po]arlzawy,
tion, publlshed in th@ present work, was obtalned 1n measuring the Jn- 
tenaities by meaps of a Psn?é mirror galvanometer, with an accuracy
‘of up to 1 | | ' | , | | : 4
%;f Brightness fluétuatlone in thé projected beam could arise froﬁ i
| two causes. (1) Changes in transparencv of the b;tfoﬁ layer of the at«’
‘ moaphere, (2) Changee 1n the luminous flux due to variations in the
: lqaht 1ntenslty of the lamps in the projector circuit. The current 1n:“
| the projector lamp clrcqmt was kept stable to an accuracy of O 5 %, o
f which en*ured stabillty in the bean 1nten31ty up to l 5 In order to‘:
: avoxd an error 1n determlnlng the depree of polarlvatlon occurr¢np be~i E
: cause of a possible gradual ﬂhanpe of transparenoy during observation;f

; each series of measurement wao dzv:ded into sxx readinvs ¢ tIl, X

. ‘z’hf;f
13 3, Iz: 11 L




: In determimlﬁé the d&gree of polavlvatﬁcn for each anrle’uf swaté
terlnp ve took the riean of twn Il 12, I3 va}ue;o ?aklng into conaln‘
‘deraulan alx tbat h&s been ald above, it can be assump% that th rem'
latlve error in tha 1ntan,1tv determlﬂatmon is of the ﬂ?d?? of to h%.
'Hence, 1t ir easy ta evaluate the reJdtlve error in determnnnng the -
degree of palarlzatlcn also. It is 01 tha ord?r of 5 p. The d&t
gathered co&cerﬁing the debree of palarl atlon on the baans of 20 days
of observations carrled out, chmefly, in the Fall of 19,9 are surmari-

zed in Table 2.

R 1Y F O SN A LT 1958 r. E TR B
15. 1V 2,54 5,1 flaavil 2,30 2,89 6.8
29.1V 2,12 1 90 | 61X Voo | 330 4T

C3.X 2,38 3,87 9's | o7ax | 3,00 | 3.6t 104

CILX 7.97 | 15,24 7.3 J| 81X «1 67 | 182 4 7.0

©16.X 550 | 11,52 7o ferx | vsr |69t 520
17.X 2,82 |. 1488 | 1,5 JHLIX 2.67 3,23 7.7
1958 7, o : T BT B IR
22.1 8,75 | 13.37 | 15,1 (121X 4,02 | 10,00 3,9
23.1 167 7,82 | LS 1}:; b 1.9 | 2,09 | 840
%.1 2,95 4,06 4,1 san | b b
2.1 2,08 2,46 4.9 |l for - | 3.2 t,5=23 6,25
261 378 | 397 - 3.4 &11 B

Ab a rvsnlt of tke polarlzﬂtnoﬂ mﬁasurements it wag eqtab 1shad ﬁhat ‘
. durzng the pe iod of abservatlnn the de?rae of polarizat;on fluctuated
: betwee% 33 and 70 % for an angle of scatterlng of 909 The deprndenwg
Hee of the deﬂree of polarlzation on the engle of scatterlng var¢es |

; sllghtly‘for dlfferent days. In some cases it takes the shape o? 4

- ‘."



ismocth curve culminating close’ to 90 ; it is then sa£iafhétori1y‘fe~, P

apresentable by a8 function which is proportlonal to the square of the
‘isine of the angle of scattering (Fig. 2, a), ‘that 13, eymmetrical
relative to the 1atter In other cases, the symmetry is unset, malnly," f

in the region of scatterlng angles lerger than 90 (which, probably,‘

is abtributable to the admlxture of large guttate scaxterlny partic~:  "g_'h‘“

les). In the remalnlvg caseo, the maximumAdegree of polarization is   7f
‘ i A R
shifted toward l&rge angles of scatterlnb.

Given the absolute indlcatrmx of sca&tering, it is not diffmcult.
to divide the scattering intens ty for each anglp 1nto two components‘ 
polarized in twn mmtually perpendlcular dlrections. Indeed, : e
= "“”’ (@)=Ll @
where p is ﬁhe degree of pnlarization, I is the intensity of the

llght polarized parallel tofhe plane of the predominant oscil&atlons“
‘of the eleotric vector- and I is the intensity of the llght polar-‘;
| ized perpendlcularly to the plqne of the predominant oscillations of 'f
this vector. Calculating the Equat;ons (2) jointxy, ve’ find “or I andf

I the follow1ng Expressionst Co S ,
Cl=e (em+p) | x—;,- (e> 1 p),

Such a procedure 1s equzvalent to divmdlng ‘the general indicamrix ; s

of scattering into two separate 1ndicatrices in polarlzed and normal
rays, reopectively, as was carrlpd out by Ye. V. Pyaskovskaya~Fesenko~

va for the whole atmosphere /10/




“!

g ‘g A

L

!

KR LR T e LT 3 A

. P S

e

- - - -
e - e -

a | =y
ot { — | el —
£ -1 % { -
it e ®7 -~
I R e T R

-1 = s |~
w | — 1% -

%gp |

Cof Ry

o1} ~— { ee | -

%g’ 951 %S 151

B1'wS

%5y

R2'eE

weez | o'l

susel

3 5 o S 3

ga i ;'\1 g'%z'é%
i

il
E:

,.x_
ot

sF

-
oy
18

|

all

.ﬂ

— L
" 6t 1 At
- B |
- O - B
- bo®m -
o1 e -
6¢ .= §1
- S
- RO« T B

1 - el -
% | .o
- i gl -
. e R ..rl,
- 738 -

wmﬂam

w2

L ov

ﬂk-t@m<£e=ﬂﬂ‘*”'f““"'l

w®
x

K

1

Xt g

A IR
R 1 7 W
~THIA 6
1A 9
§C61

ot

~._ 5=

B

1A @

a2




.

[

Fig. 2

.;In this way we plotted for each day of observation the I and'

‘Ié' components as functions of the angle of scatterinv. The mmst typi~

cal of these curves are presen ed in Figs. 3 and h.

83 _




In these Figures, the outer curves represent the I commonents,
: ' 8 v

and the inmer curves s the 1 - omnoﬁents Gf scattering. Fig. 3 re~
P

isgbes to 9 entemh r 1958, beznp tha dug'follow1nw anﬂzﬂxtatlmnu, 1n

which the large aerosols were ”d%h@d aut ”he 1nd103+?11,of the jlght

scottered in polarizea and nowmﬂl raye, plotted por thi dav re-@mbw'

les those obtained by Ye. V.'&ya,dovqkaya»Fvuenkov& for the aumnanhmrn

as a whole,
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