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Studdes in atmospherie szons haove 'mm godng on m
 Indis for o mugbor of yoers now snd various sspeols of the
subjeots and of slliod probloms in %xgg physios of the am_mm
heve bean engaging the abtenbion of workers in the Physiesl -
Researeh Laboratory, Almedubud 1@@? the guﬁ.s%mm of Professor

K JRoRamenathan. The suthor has been sssovdated with this work
mm& 1956 sat the mﬁ%'w raported in this thesis form part

of this worke A, o .o
| | 3 .

Boction I of the thosis glvesvsn svcount of the
‘author's work on nbmospheric czond. 1t &mlm}m 8 gumary of
the observebions mede compuabions and a discussion of the
ragulis, in velatlon bo our prasent kmowledge of the subjact.
In partioular, the date of the IOVI0C poriod are MVMW .
| - ﬁéa%m iz of the -ﬁmﬁs-&# glivos an account of anthor's
atudles on the soatbering of light by serosols in the atmosphere
by messurements of the 1ight sasttored by the siy during twilight.

oy b
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gorbiriad that tho thosls svbmiblbed by Mr,O.iSheh

48 e acoount of the resvarch work carried out by him abt the
Phiyedoal Hasearch Leborabory, AShmedsabed .

o

- Dated & 23rd March 1962 % o JRumanathan)



The osone and tudlight ohservetions at Abu vore mode
by the subhor from 1007450, My oollesgue Shed P.@}.ﬁmmgﬁ. mm
boon respansible for baldng ozone abﬁ?x‘vabﬁ.wm ab Srinngors,
Ohaorvers of the Yndlan Meteorologicsl Departmont have bean -
res ponsible for osong nhaarvations at New ﬁaﬁim and Kodadlkenal .
rima Dirsator of the lerclogiesl fmaawmwy m Tatono, Jepan
hes been lkind enough Yo send us the Aerologleal Bulletlins
which gontain ozone and upper adr datas I em thendul to a1l
of thame ) § -
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My thanis are slso dus ta DR XKalkeral and Shed
PDosngrall who holpod mo dn Seking moon observations. I am.
thankful to my collesgue s}&m LAY mngm%a fm* his help in
praparing some dlagrams .

T g

I om thonkfol to tho Counell of vf:mmm anl
Industrial Resssvch, Mow Delhi, Indis, for the emm% ol &
papaarch pselstantakip during the gourse of Mmy. |

In tha endy I wish bo acknowledzs my imwﬁmﬁmw
to my ?mfwmm D o J Remanathan mﬁw whoso valmzehm guidance
tho mﬂe was aarried mh,
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Chapter 1. Part I, (obson's pholionleotedo
spestrophntonethe and 4t use
for the messurenend of '-%Wsél

‘  0ZONGees) Lo oo
_ Part II. Apparent varlatien of ozone
. duedng night time. N
- Ghapler Il. _ﬁamﬂﬁa of m&aﬁwmuﬁa %E' %&a& DO
st Aty Delhd, Srinager and Kolelhendd
| in the yosrs 1057-59. | '

-

Ohagbowr II0. The wmlehe mothed for dotermining the
 yertiel dutridution of ozono. |

Chapter IV. Obher methnds of determining verticel
distributlon of opone. |

Chapber ¥. Distritution of ozond over ths sarth from
wassuronents mede during TOYIGO perdold.

Chapbor . Sunmapy of pravious vorks
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Chapter II, Deseription of apparatus used sad method
o of obssrvation. 1e8

Chapbar IIT. Twilight dnterwity mossuromonts ab Abm
and thode Qleoassion.

v o

APBIDIN, o | Sy



_




1.

2 P
Bl
ﬁ.ﬁ%

Inbradunation. 3

Tobsonts photosleatria s peotrophotometer.

gunoral prinslple of the dnebrument.
Dasoription of the optieal systom of Dobson

| speetvophotomebor Ho.Bd.
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ge1ibration oft, the ﬁp@eﬁmg}mﬁm%m

Heasurenont of bobal szone using ddveet wﬂiggm«
zaleation of wovelengths . _

Lia% of symbols used in opone celewlatilons .
galoulation of totel opone amounbe

Comparison of O3 by Gt and e

Dpone ohservabions with eloudy renlth &zza;wé

(o roprint) « | "

Apporont vardnbion of omzene dugrdng nieht tins.
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_The euthor hes been engaged in studles on
atmos phorle amﬁa sinos 105¢. He ﬁzasai 'm mwzgg: of the
ozone obsorvatinon station at M, Abu g&awim& the 16Y am}
160« The resulls of his observations wﬁ.l‘i £Arat bo |
disoussed in relablon to our present m@mmw of the

subjoat,

Toeday the instrument most widely used fop’
moasurenants of atmospherdd omone is' the Dobson photow
alactric photometor. A detalloed doy erdption of the
instrumont end Lte working is given in IOY Aanals, Vol.B
{L087=50) 4

Dobson speetrophotomater Hn.54 was received
at the Physlesl Resesrch Loboratory, Almedebad in the
- month of May 1956. It was pgssombled and tested ab
Ahmedabad in Septembeyr 1056, The instrament hos metsllised
aptical wodges .

I



The wevelonzth sobbinge woro_shecked using the
omission 1ines 3021 R and 9129 R from o Philips Hg ddsehorge
Llamp end 3404 B from a 04 lemps

The wadpes wore colibroted by using perforatod
thin metel sheots whose trawmission pabios were calaulabed:
vy messurdas the areng of the holea ln defined arens «

. VoL
How hablea for the A so bhings md for aonverting

1

the diel rosdings R to log L/1°'(1) wers prepared from the

calibration of the wodges at Amodabad in Oabobor 1086,

Both bobaleszone and umkohr Shsorvations were mode

pt Almedabed o tost the ezaaxwia‘&a%my of %Eaé-’ phsorvabtions «

~ The instrument ves transforved to Mb.abu (9470)
in June 1957, The altitude of the stabion is 4000 £5. Gzone
mesguroments were medo with thds instrumont ab Abu duelng
1a¥ awﬁ. 160 poriods . ' . |

Aftor the transfer to Sbhuy the ingtrumenbal
adjustments vare ageln tesbted and the wedge reeculibrated.
Homo small changes ware nscossary in the A sobtings ond

those wore madle

Ho appreclable chango wes found In the wodge
Ceplibretion and the teble for converdlng T o 1 proporod

ah Almadabad could bo weed abt Abu. Rogular observabions

I



With the vavelonghh psdrs ARCC! and ~ANAD vere started
ot Abu from lst Tuly 1957 with Dobson spoetrophotomstor
W0 .54, Unkehr mepsurements with wavelengbh palrs XX A

(3035/2094), AN G (3114/3394) and AND (3176/3398) wove
made on doys mf‘ elaar weabhar and ssasagmialw whon the total
agong anound wsm found bo ghongs mpm&m 1

‘ An abbempt wae 2lgo mode o wmuw ism‘e shangss
nf* agong titws.m, nlght, The ﬂbmmm%ma wara mm}za with moon
light ab A‘zm, durdng 195350, ab Ahmed abed dueing 196061
_-zmﬁ ab Anandy 50 miles southiof Ahmodabad durdng 1961

i ol ‘; 1
{ “u |

Unltehr wurves were obteined on about 100 days and
out of theso, a mumbey was selected for mlmﬂﬁ%ing the
vortical distribution, Corrections for mulbtiple séeﬁﬁarﬁ.&g
wvers determined by the differontisl mothod waing umkehs
eurves determined on the same deys with Ay C and D peirs

. \
of wovelengbhs «

Eﬁemmh sley intonsity messurements with Dobson
speatrophotonater vers also mede durdng L057-58 on daye
whan the menith sky wes coversd with uniform clouds but
dipoet sun observebions also wore possible within a few
hours of tho zenlth sky moasuvomonts . The alm of Shose
mogsurements wes to connect up emplrically the amount
af total ogone obbteined from zoenith alowdy sky observations

I



wlth thogo obtalned with the direeb suf,

Tha obsorvabtions prasonted M this bthesls wore
mede by the aubhor duping LoG7-Gl, ’

“Jl'm *mmmﬁ of eam% m the nimogphare. is datermined
by msmaumngg w;zm & ap«mﬁmpmmm oy ama miemive:e inﬂ@mzmms
of two nm:»mw hmﬁa of solar ul ﬁmviamt f:ﬁiﬁhiw 13 ONG w&l
within the x{mmﬁ, ghaorpbion bond and . the obther Just outaide
it

The ratio is detormined thus s

(a) The twe bands of wavelengbhd sre selected by slits
in the facal plane of & monochromator .

(b} Phay are allowed to fall on the sane photomud tiplier
albernutely by means of o robablng saslor.

(o) The intonslty of the stronger beam is reduged in
& knowt ratis by aljustsble opbloal wadges so that
CBhe intonsibles of the twn bomms ave eqgual.



g

GP i ACe amplifier mmiﬁ.@s the fluctuntions in
' | ﬁh@ surront from the photofultiplier nnd the
raotified ouwerant pmmah thvough 8 mlero-manebors
When the inptrument ludieates no current, the
intensities of the two wewaﬁ:i;@mgﬂn bands ave
agual «

|

Thus the mai%:mzx of the w&gm wmm thes moter
:xmmmms gars is & monsure of the robio of the mm naltios
of the tuo waves-langth bads o

Wﬂ.;, ok gives a sohemabtic dlagram m’." the nphﬁ.{nﬁn
s‘ay’zwﬂm%f the mmm ppagtrophotonabar .

Light onters through s window (K} in the Bop of
the instrument end dg reflected in & rightesrpled prism (P).
1t then falls on bhe 824t (1), of tho first spectroscopes
This spectroscops consists of a quarbz lens which ronders |
the 1light pavallel, & 60° prism Py and & mirror My which
Creflects Sha lizht back through the priem sod long to fm'm
a s protous dn the fooal plano of the instrument. In eactual
observations, a quartz reflecting prism onlled the sun director

i
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is used to throw diract punlight on ta the window .’E A pyound
quarts plate which fits over the inlet window is provided
tn aven oub ond somotlmes to veduse the intenslby.

A thick plane parallel ‘c;tmrt‘ztg mm Gy 19 mounbed
in front of slit 83. It onn bo rolated aboubt a horlzontal -
axis oud 1ts inclinotion o tho vortiesl is ghown by o
polnter which moves over the scale on the oufside of the
cover. The light prssing through slit 8y is reflected by ¢y -
| and dis placed t&p ar doun ﬁea;:gznaing on b mz.ta of mexm@ma
of the rayiwith the gquerts plate Qe

|
Thrae alits (5o, Sgy 8,) ave fired in a plane

at right ik*iglﬂﬁ to the axis of tha lus l;mmmm Thoss Smms

igolate the required wevewlengths from the s peotrum, *rm

811t thab isolates the shorter weveslengths is. nomed 8g and

that isolating longer wave-lengbhs is nmmed 8,. S5 isolates

intormedinte we-.ms-#lmgm;a « The wave-lengbha -peasing through

Boy B and 5, can be changed within cortein limits by changing }

the inclination of the quartsz plate (. The vavelengths

possing through 5o oan be chonged f».‘-mxﬁ BOBO ‘5’ - 3250 4

and the wovewlongbhs through 8, snd 5, oro chenged

gorres pondinglye |

;¢
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Tha 8llis Da, b3 o ﬁ Bg ¢ are conbroliod b,} copod whikeh

aparatos o shubtlor v which blocks oub oithay Bg or *% alit , Shas
an—.m%:&.’&.:?.z%ﬁ only tus wovelonzthy ob o L Bmo Do poog Bhrousghe

L3

Tha positions of tho slits ave adlusted in sueh o

manner Shab only salectod wevelenztiy pass theough ﬁ:&mmg Mx A5,

)

e D . . O t
whon 3134 A posses bhrough Sg, 3074 Qs} mas s, pass through £ )3 wa
4536 8 maat poga Ghrough Ha.

' 1

t ‘:\ t
Afcer posaing through dg or Bay tho Lishi pascoes

2
shrough o mobniing s0e Sop ,.%f;;*:%;s‘m by molegbric motor Which
allovs tho B0 wavalengths x’m poags ol lornol t“l} Eato o socond
appabrosco; m»i*’é in an anaeth a;;,;’ ol %}w f.msm The purn wu o
tho sogond a;mwa:&mm:mﬁw is bto reduoe %’m easf,‘;i‘f@m: af pantboroed

lighia

ffier passing Shrough prism ?*3: mirvor Me axl loas Lo

of the sacond mrramf;‘ *mvac} tho ii.gni, of vievolo: agths 9334 5{ oY

s

i w:m?a 23 92 Loty cpnrts plabo

£

of 3 ,,%X and 4536 % paassd Shro

Go and enteys She ollt 8g and folls on the cabhxde of &
shotomil binddor. The purnose of On 48 SO doflach M;‘a boeams of
dight passiog through Say :iw; 80 f:,hcaf; tho @ m' ’w:;w4:-z.’;€,m;;g the Told
on By A2 ultreviclet £iLtor B 4 ploced behind the slil Og bo
yaduae Turiher thy offoch o py sootborod 1iszht tha lenger
wavalonsbhe | |

Chanses An vofpoctive Index of Ghe prispg due o

ahonees 4 tonsorabires are ollowed Lfor by fwg giing tho lnolle

nablon of Yhe cquarby ploon. Aooponimontoly .i. ahanze I Anolie

nabion of She guorSs ploSo gorrosaniin Lo ;?u.;z«" ahinnge In Senporabar

ko



A dong by hoo boon £4B8 ‘E“zt? adjacont bo sl 1ts Bg ond Bye
58 &‘;zwa apbionl ports aro sob syummol m:@m:&y in tho buo hodves
of tho dnsbraoent tho correst allg: w& nt of the b gms thraugh
o aad 8 3 deponds on thw Cocnl lengbh of tho lons. Ths Cocol
lonpbih 45 so adjueted ez o vofeact the boaus through Sp wmi B
bask o recombinetlion oo o giazle Doopm on ONOPEENCe i‘mm thé

sgoond prisme
, .

The long Ly is seb cenbrally ’eﬁm% 1%133 alit Bgy and
the 2lit, 1009 ond VeV £ilter ore placed in tho pholiomultiplier
bozge Tho 'l-éaaw Ly fosussos The imogo of the priem P on the
g:hntmmﬂﬂzﬂ&w 80 that the'bands %:%amugm Bay 8g and By f&iﬁ.

at the same vhotiosonsdtive surlace of am phamwlm;ﬁiam »

!

To focus the wave boad coming from AAGISE %:s Prom Eho
first spoctroscope on 84 4n tho plone of obther slits S ond Og,
s achromatising lons 4 in mounted dn the Path bofors thp slit
Bae Pop symmelry anothor achronntl sing long Ag ds mmmtmf.ﬂfmg
the allt 84. | ‘ . .

It 48 to be ronamberod Ghab slits Ba, 8y avl fy mwo
sugh that the wave mnds of 14 3, a7 R ol 3 R son poss ‘*hx'umah
thom pespectivelys If tho slit 8p ls move wide the verdotion
of the ebsorpbion cseffiolionts a}f azﬁz@:&m mear She range of the
wavalangbhe mﬁ&mm by 8o will inbeoduce appreeioble ervorg slnoee
e abaorpblion coaffiolont ohaages muel with the wevolengbh in

thati rogion.

Shrao stoge AS mplifior is wsed bo auplify the



300 s
_?‘
surranh Prom tho ;aumewm.;. xi,mxu Py ‘:13:{3 ifdad n eﬁ. gignnl

in mgmmw by © gy mewma xfmahmﬁ,ﬁ z& mmnmmw maunbed on

s
tha ahals Ao ’é‘s}m sae how wm{ﬁ. gl /\mm o oo Dala mi«::m«
m@a@‘ﬁf—am

/

Tha wnvelengbh 3324 % 1s ia the wouk abgorptlon z:*{zsq;%‘.{m
of oz0I0 b 5id4 2 pogaing thesugh 37 Ao in awmg nhy {1»*’;3&&@*’;
ORI "mmz:* the Iight for wavelongbh :%;3#“!4 2 preduses gﬁma@@w
photonloatric curroltbs As the w:»am:mmmw ﬁéﬁﬁﬁaﬂb in knowing
the relative L whensitlen of bhe bwo %35.:%%!533? the mothod of
raducing the Mz’awi ke of tho loss &R}awk,v,;eﬁ i Eﬁ" by mesng of

npbical wodges hoe been adoplod. |
o | - W W -
g«zammmz npbland, wodgos are *ﬁ«wﬁhaﬁ im Sho pabh of
the 1ight 5924 % coming from 84, Tho intensity of light of this

wavelongsh is reduced by opbicol wedgos unbil the outpub fron
the phobomdtipiier e tho samo for Dobh wewelengtls and 3;‘;143
mebor indicobtos moro. This poaltion of wedge iw a mengure of

the rolobive fnbonsiblos of tho two vovelanothg.

Tha shooldnz up of ¢ wvoluog of the laptrmuwont ds done
ingide o roome ACbor seokng thot the silice 3ol inside the
insbeomont de Bluo ot dry ond %;m babtorios supelying the

Lilemons eurront (7 volts)s ploto wollage for Sho emplifior

X



A0

{LO5 walte dry bakbary) sad bhe supor-hioh '&;z’miv»‘m, Feore tho
- _‘gzaiwr}-%a;:m.a,l“f;.ﬁ.; oliar (90 wnlls, rogulabed gv:mmw guppdy andb) nee
all in pood candibion, LG Lo Mswmm@, whothap ‘%:}:wg; poknters
gomneatod Go thae quarbe plabes Gy anl gm voad 387 W wn Bhoy

Il

ars verbioal as ip rogidred acoording Yo the Snabrucblons in

tha operabord handbool, v

Dwing Un ~.hrrz tz"vm s 4o Ghe mi"z*rm“ vo daden of quartz
"cé&%% bomnorabure aad the owpanslon of tho m La. e Gl Ly ﬁmm@
thore ls o speld cheuge roguirad in bhe § sobblng whon fhe
Bampad arabures diffor Srow 157 ¢, Por overy Lo@ & :Z,'x‘zezz’aaxw i

C bompersburs Ghe sabbing of &3‘5“ ahoutd bo iy wﬁ*wmmfi ?iw 3, whons
i i } L ek i

~

. | ) o W ey
G A8 nob ab She velue approp nrdabe for BV G,
[ ' ; : 3
Tha ;g.,wwmﬂ mm@iﬂz nlote Lo olagod over tha olib of

_ﬁ’bze& spoetrograoh dngide the inlelt window. Phe Hy diacharpe Luomp
won moanbed owver bhe Snlet window with Ats Jongth po :wme%’?; t.r}
tho glib 2o o %o Lllumlincie the wﬁ»mem The lamp ds *em'" :
gultohnd on for o fow nlaubes Lo gob mzw Banh %mis%cm haforo
pay sdustmont i mode or reading btaken. The shuttors in the
ingtramont are thon sob so g Gn gdlow the 1light Un pass through
Bho glits Hp aad By or w;s awl Bya  The 1ight paselng through
the olit Bn io reduced dn Intensity w kaonping thy Lhiok and
P Bho wadgo 40 frond of the 8 slit, 1f Jight posslog '/ f:méug.ez

Se An neodod,

5 T e s Vo ] i)y g \|‘; :"' B ity 9 SN ¥ 4 y
than wednr the endsclon dinos S00L A ol ‘s‘; A Erow

g Milles meroury Jluoherge Lamp agd S404 ﬁ Pran n 00 Leapg

X



EI R
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“isiiw asodo wer if":iﬁa‘ii;ﬁ‘ﬁ;‘mﬂﬁlsaﬁ ";fh%iﬁﬁ

L mins
Lwim R et 5120 R varo possing ﬁi’mw gk iii’?} pilt aad 3404 n

-
]

T T LR L -,v o ) ! o
%}Q‘a ‘%f‘}(‘jf&if}':{{} ;f “‘«3‘. :"'f}iuﬂk ‘5} :

turough 53 8148 aasording o mothe! Bessribod by Debson and
Jormand dn Aanels of IOW, 5 (105 w33 o Pho voluos of 4 for
difvaront 'mam;a;?gmmwa st wavedlonsths were detormined using
mw@pmmﬂ bomporaburs faobors on !‘.";M{;m} in the sumo orblole,
Cand o Gable wan vropawed Go gdve Gy for aifferoat iﬁmm atures

sl wavelonsths « . g ‘
1

fay jdenl optilewd wodge would bu oné in whioh may d4cl
rosding R ehangos Go (R-300 log ») whon tho transmibled light
Lncvonses B timog s For oxonploy 40 the trassmdtbed inbonaliy
bagnmon twdao tho ordgingl intonsilty by o displncemont of (the
wadge, Eml ,3:'.2 = ma@m. (n Lm dlad., k\»f?,}.%:%{:&lé} aorresponds B0
307400 { .

ha ealdbrabing tho sctual opblosd wedgo, suppliod w.%:s
| the fnstroment 48 do found thab o gorvactl on . vary g wih i»m
ddad rosding has Bo Do appliod in st;r;*ﬂm* to aoavert tho ohserved

ﬁé«ﬂ:&. Poaiis Q,WW %3‘."? 'ﬁ_j‘*g‘\;:“;zﬂjdyig“ af an &ﬂ'ﬂﬂ»&. ivfﬁﬁ;’?‘@" ll

Al *’ wnﬁ*

in the Anstromens, thore aro pobually tws ogued opbiesl
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wadpas ploced end So ond pg ghowldn $ho akoboh, L‘huy ara movod
T*ﬁl abive. & to ooch othor aoross Ylw ﬁ?:iiﬂ,a“ gl soleobor alltd.

Tha famlma.l wadzas oan bo eelibrabod W iateorposing in the path

ol She fi.ﬁ,l;}zu, g Pilsor of tmown gonpbant opunelty sal dod ag it
far difforend indilol poolilons of bho woedges The congband
spoedty Sultes the forn of elther o pepforabod metsl plebo ol
lenotra braopnigolon reblo or o Nhodivmised quorby wi wbo Whibh®
aote as o noutesl filtor. In India, dddoct, suillght noar about
midday from o cloor sky is o vary sonvaniont Gource of Jiphts
A pedr of stondemd Lomps P under gonaband condibions can olso

e woede i

Thé mebtols of colibrating thd vodges by Mhodiumised
plake and by Lemps ave desordibod in 'h‘?:@% ‘aneratoprts handbool
Thy mobhed wood by She author for wodpe enlibrabion ob Abu is

desaribed hore.

Por oalibrebing the mci“;a o tha Debang poclyoe

photomator Mo, tha folloving mothod wag onployed .

The dnstrumont wan gob up so as to allow dlroob ‘
auniight Crom She olony siy batuwoen 31 mnd 28 hourg to ontoy
the dngteament GChirough Bho san dleoctor. gy ol (R vere sdjusted
‘:am thet 1ip h"* of wowalongtly 35854 f Poll oa alit o e The dafioction
af bho wmobtor o ﬂmf‘ e gonbeoltad ?:;“' eddnsting She phobomalitiplior

voliaso .
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wovad about eontlmuously ob wight oagle U2 thoe Asclkdonb boam

go ns Yo overage onb the Llight paealige m‘ag now sbosdy deflegbion
wos aoted an the seno stosdy defloection une bhon ﬁ‘b’é:m wod: by

- ponoving the me i;i.s‘il. 5,& Jie) w-ﬁ rod jus blng the Fwﬁgga » Tho Jdifferonce
" hatwean the flead and mmw dial rogdings m“m pupois to the
atboabion r%afz:? whe inoldoat bewmn otusod by Bho porforabed mehal

£OUD0 . ‘ G i .7
: . i
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Tha valuos Dop Phe Wy anad ;%g fop thy notellle wedpe
in dnatrament To, 54 were found Go Do 1,08, 1.00 and 0,02

ras e iiyoly «

Dedpid

sy when $ho ozong ohonges sro g wll, o comwon ab
Abae 0 such deys direet sun observabions with nll tho thres
wavelangth padrs ANAy AND and A NI w@m node over o larpe
Pango of sun's cealbh distancos « Tho g&ht o N 7\ sgndnat M
the opbicnl poth of tho light through otione Leyer, the verblesd
% 7\. sgodnst M
wonldd glve o good straipht llne ond exbrapolation to = O gives

8o bo tahon os undby Lo madas Thoe rn;;iﬁ of

the valuo of dy for Ay € axl D palvs (Pig W3 y Bho voaluo fi%f? A
ondnlde.-the chnosphora, M ?9 fy the *&m}w mﬁ“ *3* oubside tho
atnos phore wos dotornined b;, ui&?’ﬁ.’i‘; f.s‘ﬁfmm?xr@z%f}ms with longay

wavolongthe

Bxoant for insbrumonital ehongos “&I- AL £ assumed B B
rmmm ennsbaad with bine. Dy o sledng nordodical m:mm“mmvm OnG
of ™ 1{3" ¢ Bhe eonstuney of Bho instrument is bosbod,
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Loy ﬁ,xxﬁ'mﬁ*@ﬁ eogiong « The stronges ‘i‘; ol &h:zscaf da the Heriloy
band in She ulbraviolet ertending fmé; {2000 {,%K w 5000 Bie The
sz;:vﬁg;im Do syatom in the wiaiblo ‘s wedlsy the dnfroved buond
Cab 08 4 ds dmporbont boosuse 18 ploys an mwrium rale An
the redianbion boelante of thoe straliospboro, Ovarlapplag bho

Harbloy bands on the long woeolength glde are the Ghavoer bands

and Hogsings bonds oeeupyias the reglons 23800 R - GO0 Fo v "

\ :
Tho wroperdy of diflevontilal ﬁiw‘?)}"‘?“dé'}ﬂi of ozond in
the ultroviclod fo ased to ostimate The Yotel amount of ozono
in the atmesvhoro. Thus She duberminabion of She anount of
opane consiets in determinink tho relative intensitics of the
ll:ig:m in ‘m«m naryoy bads of mmlm,,%?m (ﬁaﬁsf nony ::5&‘.:4 ﬁ and
3u24 U in the solar ultraviolot spectrimg one voll vibhin the
m:m;; ahvaarbine mg&m off Sho Herbloy ‘Hmr sl the obheyr just

oubside 1t on the visible gides

?;} is

anothar pedy of wavelangbhs (AN 3384 and N 4530
f . ) , ‘ " o '
Cgueh thol Sho differance in bhely seatlordas iag lavse budb
absorpbion in ozone lg puell, oo Chab theolr rolablvoe inbonsities

e be used b entimeto tho corrocbion dus bor livuge porbiolo

atabiorlyy oy hang,

3.2 Liak.of ek

Lay T4y 25 = Intonsitios of solar rodlotion in walt bandeuldth
ot wovalongths i, A and SV respeotively

mabsdde the sarthiz atmosphors .
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" ontedde the lnstrument.

“The pmount of ozons An o vertlcosd solumn of

utds ares exproosed as the thickness in ¢m whieh

Bhis amount of omone would oceupy if congentrated

into o udform laver ofVoure gon ab S.TP ,?:ﬁ i&s
axprassad in nllil-oatmneon op ?:ﬁmﬁ%a untba e
1
\| 1

s Phe 8 ants zenlth fm% ance measufod from the

. anprbhts mm&’m‘sza »

= The é&ﬁu&*ﬁ?ﬁﬁﬁﬁft1‘3‘541’;”1«1@3{3”%23 g *m%l&ggh’c Sheaugh

the ﬁx’@msnmw allowing Yor a:nfsfr sablon and

survabure of She earbh {r*z ® L whon 7 = =0

= Tho relabive pathelongth of sunlight through
tho ozone gas (Me L owhon & w 0)e M ds @a%az‘.ﬁ.mwﬁé

on the asnumption that the cegs of ozono is 'ab a
hedght of 22 I over g burved emm*h.,

Dacinad. shosorpilon coefficlents of ozone for 1 on
of pure Og ot N.T.P. for wavolongths n, ! ool

» Declmel seoblordng coofflclonts of clear ‘ady fov

e N and o respectivelys The mab%m«:& ng hedng
due to adr moloanles sad to partbeles whiah nm
sl eomperod fo >0 and whioh theorofore soutde
1ight inversely as Ghe fourth poviar of the
wmmmm,m. :
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a% worelengdhs Ay o0 nod A" pespectively due 4o
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i‘i‘%a‘ﬁi’nﬂ’% tond 4o seabber nll wovelenghhs my;mw»

= Dieal veading on the fusbrumont whon aomp: rmng' tha
intanpities »f wovalenmihe A and e 0

= Dipl wonding vhen comporing wevelongbhs oF mad 0.

' 1..4“’
m i¢ﬁ§§ Egﬂé
. . eﬂ‘ : ¥ - )
= Log 1f§f3€§ , e -
= Log 1/5! W

w Log /1

n Tho rolabive apacdty of the opblosl wodne ab
aiffaront wavelengbhs bolng régerded valt fer

l

the standard wavelonglbh -3 382 g» *

The dintoneity Tooed tho surfoce of the eorbh whon

xm tho raliabion of the mwwwwm triol intongity of wovos

lnggm A is subjostod So absorption in the Hortloy basd ds

glvan by

A A= dm

Thus the bosio eguationg for t&dlmﬁai;img Ln’;h:&ﬁ. wwmz

omound ara
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Log I = Log 1y = XL ;'/5%?! = 5w S )
Log Lt Log I » o<t ie /5*5; “ (&5
Log e Log xf; - oé‘x/g«» Jg*m w. &' (’33}
: N )
poam (3) and (4) by subntraction wo g@u
| g (..a»

Leg L/L' = Log z_w; w {Cu ot} 2 e (Bap') m=(de tim
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Feom (4) oal (5) we gel
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The nat a%ﬁ‘:m%mzaﬁmzz cooffiotonts Tor dust and hase,
.‘ wobor droploty and other Jargo ‘g;m%ﬁziﬁaa%ml J awt &Y ahould
aach bo gorn on vory cloar days vhewo hawe and dust o absont,
but 4 tho mmwmm eontnins porticles whoso size Ly coumparable
o the vavelength uwsedy mid haze whleh s common for our 1ot bades

in Indde, the values of J = &' will vary from day to dave
‘ ! k, 1\

iz Loot aquetion used by Doboon ves wmoddfied by
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” The valuas of (5= ') given above are for moswlovel
(1013 mb) and regudre mmﬁ;iﬁ‘maﬁmm for-high altitudo ptabion.
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The totsl ozone amounk de f;emmaﬁ by & m@mcx& was
fgmm*l to be a little higher then %m?m- abtoalued by the CO°
mathod (Table 1), The mean aiffersnce (Bpp = Kyge) o8
datormined from the ozone data colloeted during IGY and 10C
| mmaﬁz& of Indian statlons was 0.004 om for Abtiy mi‘}m‘% om
for Srinager aad 0.007 om for Kodaikpaal « Some larger. 1
difforonces are found in individuel observations ab ax*ﬁ.m‘ég;ww
There ware also ammar lavgey Q;zifmmmgs t?.% Kadaikanal
in the firel ten months, bub after o recalibrotion mnd
. yoegobting of the w&wmng%ﬁ posdtilons, the mean difference
came down to 04008 Ot e ‘

iy v }

|
Monthly mosn differances X,n = Eams :i.n 13,{}.“» al Kodaikanal
Abu and gx*imgrar, using Vigroux! values caﬁ‘ gbsorpdion
anoffioients of Omone (&, ), The mzmmr of r@bmrmfsiﬁi
in ench month is glven in brackets.
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Ozone observatlons w1th hglgt from clear and
-0 cloudy zenith skres

-

Reﬁmnmdffmm Fol, 12. No: 2, April 1961776f the Indian Jogirnal of Mexemologj and
' Geophysics ]Jages 345 to 346

Y

851:.510.534

, S .M. SHAH Yo
- ) Jszcal Resedreh Laboratory, . 'lhmedilbacf Ty
(Received 12 Jmmm'z/ 19561) X, , 1

To malke eﬁe(,tlve use of ozone measure-
ments in Meteorology, datly observations
of total ozcne at ‘& numbel of sultably dis-
trlbuted stations is necessa.ly .

Tobson has shown'that ou: ‘da 73 when thie

sky is clouded, measurements. ¢ari be made -

with the light from the zenith sky. This
tnethod is followed at mian¥.stations ,in
middle and high lamtudes but has not gen-
erally been used in tropical latitudes. To
fry out whether the same method can be
used with cloudy skies in tropical latitudes,
zenith sky measurements were made during
the-period June 1957 to Jung.1958 at Mt. Abn
(24°N) on days which were clondy but cn
which: diréct sun observation could also be
taken within a féw hours of the zenith sky

observation. For gomparicon, zenith sky -

theasurements were made cn many cccasicns
along with direct sun ohservatiohs when
the zenith sky was blue.

The measurements were made with the
Wavelength pait A\A CC’ and also with the pairs

and Normand. The amount of czcne was
caleulated from each direct sun observation.
Fig: 1 (a) shows the plot of Noand N 4—p
against pon days with blue zenith skies
for different values of ozone ‘ranging from
0:221 to 0-255 ecm. These are divided into
three groups— '

(5) 0250 to 0+256 cm, (iz) 0-237 to0-242
om and (#) 0-221'to 0228 cm..

~ Rig,.1 (b) shows a similer: plot of Ny and

4—p against - on  days- with uniform
thlck clouds f01 different values of ozone..

The range of ozone values is the same as '

in Fig- 1 (a ) _ g

With direct sunlight, czciie. measurements
can be made. mth 8 relatwe error of about

1 per cent (DQbson and Meetham 1934).
In the absence oft diregt sunlight* also, the-

ozone amount can be determined from obser-
vations on the zenith ul’j;gJ)ut with less Fgou-
racy. Errcts in total czoné which may octur
with observations made on' the zenith blue
or cloudy sky have been d’scus sed by Tons-

‘berg and Olsen (1944) and’ Langlo (1952):

From Figll (a )'. relating to blue zemth-
skies, it is clear that the N .values show

© gystematic variations with 2 with & possible .
error of 4 0-005 em ‘when the avelage value

of ozone is 0- 240 cm.

Frem the chart relating to cloudy zenith
skies (Fig. 1 b), it is noticed that :

"(¢) Points on both AX CC’ and 4—D

PR curves are more scattered than- tho*e
4 and D in the manner suggested by Dobson

on blue zenith-.sky eurvesi.:.:

(m) An estimated. maximum- ‘err
-+0-010 cm' can*occut’ with ‘\x cer,
if the sky is clouded with uniform
clouds of nearly constant illumi-
nation, The error would be max-
]keclly less with A—D. ‘

Most of the days in sub-tropical latitudes
are clear, but if the zenith is ccvered with
thick uniform clouds, the oz ne emount
can be determined with re.sonable aceuracy
. using Fig. 1(b).
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Az the deay to day varinﬁxama of ozone anount in
middlie anﬁ hi@hvlatituawa nEe 1&&@@, thﬁ avs tomatic
éiffﬂranﬁa, it anys; in the ozone amaunﬁ hﬂﬁwaeq dag and
nighh cannot be fimmly aatobilished wi thout yﬁaiﬁny@d
observatiiong. In low latitudes, however, both the total
DHONG eamﬁanﬁ and the doy %a ﬁay chonges are small Jdupring
maat of the year, any ayatamﬁtia ahamaa in ogons eontent :

Y )

during n&yhz ahould be ﬁﬂﬁﬁibl@ tm ﬂmt@wm&nau

|
-iﬁahﬁmaiga himgaell wade somo m@aaaram@ﬂﬁﬁ at mfard
in November end Decombsr 1048 and thoy showed some typo of
vﬂfiatiang‘ﬁf OEONG on some ndghts . The va%iaﬁimnﬁg hmw@%@w,
Waﬁa net ﬂyﬁtamﬁ%iag'ﬁa soneluded that they vere guch an'
might be expocted from the m&uaarolug&mal annditions +
Detailed stuéy'&ﬁﬁ prolongod sorien of ﬂbﬁéﬁVaﬁiﬁ&ﬂ ak
differant ploces were nocessary bo Justify ény conelusnion

regarding the varlotion of ozone at night.

Romanathen and Ramon Mﬁrﬁhyfg? reported in 1953
~ the results of ozone mossurements mede ot Au with moon
| 1ight, Ga each mé?§7aeta of observabions they showad A
appavent inerease of shsorption during nlght proportisneld

-
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Hor aaaw 4 and i:hia ) inﬁwgma ted Bo memn that: the osone
amount incroasad a%urm@ :'gifghﬁ by About 04030 Oy

I Guotite Fournter d' Albe (0 ang mis eollsborators
made observations with moon 1ight amd found bhat the night
ozone value was groater than thad at day. The inerogse in
orong was of the order of 0,003 ah to 04050 om, The m:tm
tarrestrial aonstants were &szmmﬂ Lo be some for day and
night.s | | S

L8 is im;:m’km%s %:*: be aure that iﬁm ohsarvabions
a:mmimg i:m day and ?;igm are made muax? ldentical conditions,
8o far es ),mzaimm W o

! ‘
N

| To study this, night=time incrosse in ozons more
carefully, obsorvations with moon Light were mado at Abu
during the poriod 1058-39 with at lesst two padrs of
vavelongths X C and AD, and ab a number of senith

disbances of moon, \

The observations were repssted with all the three
wvavelongthe palrs ot Almedabad 4n 196061 and at Anand
(80 milos south of Ahmodabad) in 1961 with Dobgan aupmﬁmm
photomatar. The diveet gun mwawwima vare siso mede on
the same mz suoceading days with a1l the three wave), ongihs o

The Dobson speetrophotonotor was ohocked for N sobbing



snt wodge ocalibration bofore eseh sobt of ohuorvabions os
desoribod 4n part (1) of chapbér I, to-moko sure that the
ponstonay of the instrumont is malnbadned

The ground quavts plabo necesaary for diroct sun
ohsorvation wos romoved and 6 quarbs lans £i4ted In tho sun
ddroctor and genovelly Kept ot the loyest posltion dupdag ﬁm
sun obsorvabion was vedsed in the sun director twbe to the'
pogition at which 4%t Torms an image of moon qn 8li® 8. As the
ailit aammﬁ: bo ensily seon bthrough the vievwing hole at the botbonm
of the sug ?1&?@%4&* o small reflecting prisnm is mounbod at the
Cfop of the mm dlragtory amp;flmc} wﬁ.ﬁh Inste HoaBd Blrough W’&iﬂh
the sllt and the moon's image ean Lo w@rmma@mﬂ

1% 48 nocssoaey %o sob the :xzf:rm* m{z:*a v‘mwy porefully
and conbrally on the gilt and o allow for tho movement of the
moofy 80 é:hr the 914t will bisech the imnga of the moon holdfe
way t“h:a*mgf;*z thoe obgservabions In the sun céss.wmzf;w thara ﬁua | BN
BEPE mmmt*. to moke slow movomonts of the prdsm so - thal i.fhc«a
imnze of tho moon can b adiusbed vary asccurstely amd condradly
ah tho 8144 Oy obsevwing through the reflecting prism during
tha nbaorvabions «-

It woae obsorved thab slighi . :?\gafmuﬁasmem of the inego
did ot hove mny offoot on mm} RN hut 45 bhe e sf tha
‘moon wes nob malatednod dn the centre of the eatranco s1ib 84
aonsidorablo ervor coudd bo coused. AL possible anve was
thoerafore Gakont bo avold gueh arrors snd oneh obgsorvabion was

rapautod number of tlnog .

I
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mwm% tho ‘ﬁéz:;*‘ the aﬁ::mr‘%;&%cmﬁ vere mode wibth
.ﬁmmm@msm gualight falling on the enbrance alis 8y through 8
ground quarty plaby, while @wm tho nighty the woms 14 |
mwmwa on the 814% ond the zpround wuorsz plabo is removed,
Hence observabinns are nobt identicsl during day and ndghbs

1

Dobson(3l) pointed out that therd is_o swall constend
difforense botwaon the velus of ¥ for my vavolengih pair
obtainad %#,i;ﬁ%?a the ground quortz plote and the i’@@%ﬁéﬁ@d imago
mﬁhmi% and hence a corveation &hmm* ho mm&m& tm the N |
values oboorved with foous sod sun o7 m@m«

I b

An sbbompl ves mede to Eﬁiﬁi&ﬁ&@ﬁ} thy @i‘m@%{ an tho
measured amount of omone of Mmmaim tha sun on the 8lit and
wﬁm@vﬁ.ﬂg the ground quardy plete, This could bo done pmvw@a
the intensity of the sun wes roduceds & porfovated sing ;ﬁ&m
with a WW gmell poroonbegs %r&mm&ﬁ&im W wmple:symi o
vaduce the intanaltys

Whan tho ground quarts p&a% Wi mméwm and the
sevoan introdused ’, the value of ¥ wag roduced by the same smount
at 8ll anrlas of tho sun. Tharo was no ohenge in the slope of
the line ¥ sgalnst AL end thus thore was no zas}«grﬁ.s_?mmih offout
“on the apporent tobtul opons amounbs '};f‘ﬁaqmmamg the aun 4id not
ghaw any chongo in the value of I and elso of Hge |

1



- Plped shows the plau of I mgain&ﬁ Moy whove A ds

- the ﬁmﬂmmm of ogone bravevsed by the iscldent light ob
difforent gondth disbancos of the sun or moon at fbuy Awmedabed
and Anand . The "o waluos were determined frowm the yalaﬁa fmr
gun ag woll as fop moon, The spono solitient in the mﬂmmﬁ wm
seloulatad both for moon and sun wsdng the seme Cormile i
same absorpdion and scabbering confticlonts e {;ﬁz magh bo aoted
’é:-‘mﬁ dua to the preovalence of oloar gsides fam‘ish Losdpnificont
larpo g:awﬁigﬁia am%eﬁwmﬁﬁ ﬁw&zzg zar;y, Lt was mmsumnd thal the
effect of hazs could bo noglested both durtng day ant nights

W“i ¥

1% wos found that the #iopo nﬁ‘ Thi curve of U awmm: S
increased at night for all the throo wovelongth prdvs. Sut this
inersase wag not She sama for all ﬁm thres padrs of vwavelenghtha .
It was moxdaum for D( A0176/0808) and minipum Cor g%(éﬁ%{ﬁﬁﬁm .

U i
. If the effoet 42 due %o an inerosse in ozong, t:m
ingrguse of slope should bo the 8 o ;&mms; wmiw of the Wnvoe

lengths nweds

Tablo 2 glves tho sumnsry of tho vesults of moon
ohsorvations for detormining tho total opons mmmw&;, during
ndghty The opone valuss nre also debormined £rom the divreet
sun obsorvations . - |

fesulbs showed that the apparont incresse was Aiffersnt
for tho throo polrs of wevelengthe, the moan excoss for A eing

1
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3 B33
: | = v "
0+0LG @tﬁgi"&ﬁ‘ Gy 04031 om and for D 02089 ome 14 eaﬁ‘zf:guﬁ.ﬂ ba nobed
shat no corveotion wag mude for lurgoe ;Q;zmwmammaﬁmw;m |
mitzﬁm durdng day op night.

Mlotting %he values of A0y (differsnve in ozone
amounts during dey and alght) obbolned wlth AN(¢ against
those vith D (Figy3), it vas found that the ourve was I
& stroight line with a small soabbors

fnemination of these ssmswéx:ﬁ%s aﬁﬁm 13?:3@1&:39:@93@ with
AN Ay ANC and AND showed bthab 'ﬁhﬁ;y wore rougily in inverse
- proporblon ﬁw the volues of ‘;OC - ot ef*’:“mz,: ek

~ i

Tadng the differonce mebthod %Em "‘*‘s or M padvs of
wami{mgrﬁim ghoved that thore wes no m% mﬁ’immt 5% %camabﬁ.a.
{neresse of ozons durinp aight (Table 2) v - This moons theb the
appardnt izam rose in ozono durdng night iaa *mﬁ raal bub the
incrcase is due to incrossed sbtenuation of mwm due tf:a 3,533”3!?@

i

, ymwﬁ.afm senbbaring e

b

Dr B Xullarnd and Mr.P0uingredd collaborated with

. ma in belelng the moon ohasrvetions and Dr.X.BRananathen holped
i) i::a interproting thom, A briof summory of this work wbs
maeylmu by D2 Romanathen at the :mi,amwtimml r:!m'm Sympas ium
held at Aross in Mgush 1061,

V%
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Lable 2 ;
Qbservétians of ozone with,mobn«light o

"“’""”'“"""“’""f"’""”_““ma Gum | Og(Hoon-gun) 0y (Hoon-sun)

station  DEE e TR WD
e i o 4 0 X 2 0 e i 0
b 30a5-58 - 206 U5 . 2 57 - 2
o gle5.58 - 252 245 = 21 60 = -3

W 92.2.50 . i3 218 - 43 B7 - g

" 03.9.50 - 40 P49 - 18 36 - 3

W 93/94.3.59 - 235 242 . 2 80 " 4 .9

L P4=3-30 - 222 215 = 49 107 = 5
W pa/e5.3-59 - 232 238 . 82 53 o~ 13

W 25-3459 = 916 218 - L 44 89 e 10

"  26u3-59 ‘= 220 228 - 29 60 G- 5

W lp/sal-se - 2m e - 28 87 e -2

L 183«11la59 - 217 219 - as 83 - P

" 14-11-59 - 226 235 - 2B 67 = -5

" 14/15.11.59 = 233 251 - 31 71 - R

" 151159 - 232 239 =~ 29 52 - 10

W 161159 = 240 249 - 24 49 - 2
Amedebsi3o-1l-o 230 226 235 24 27 70 6 -5

" 11260 - 231 231 - 25 72 - -3

" 2.12460 ~230 225 =230 14 26 72 -2 2
" 31/1. 1561 = 214 218 - 41 83 - E:
Mend 27261 9a4 234 234 17 39 8% 1. -1

" 28.2-61 242 235 284 15 39 80 1 8

" 1o 361 244 234 238 7 35 83 13 0

N 1/2.3-6L 236 229 935 16 52 110 =13 0

S BaGl = 292 223 - 17 42 = -3

o iy . . .

- Mean values with )238 230 233 15 31 69 «3 1.6
No.of days of obva) (8) (24) (24) (8) (24) (24) (6) (24)

k¢
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1 ) i 1
In India during the IGY and IGC, dally ozoue moasuroments
were vogularly made at Abu (24° W), Srinager (34° M), Delhi
(2895 1) and Kodaikanal (207 ), with Dobson 8pactrophotometers .

- i ‘
A
] .

The instrumonts wers wx*imﬁ.a\y;my\gmckeﬁ for Q mﬁtﬁ.mg
and also for wodga aalibration go the 'ﬁl&ﬁ& ware qollected under
similer conditions at all the four places, and can be expected

- to giv%: a corract pleture of the aay Lo day and a@@mézal

. f
variations of azone.e ’

s

e

| Ogone obzarvations at Abu hz;vsa boan *z?;mggtz}.m‘l:sr nado
slnce 1952 end they ave avellablo for studying the long torm
vm‘mﬁwm o Mr PO eAngrell has been responsible for Soking
ogone observations ab Srinager. Mesers R..Kulkarni (l@ﬁ:‘a%)
and 8 .8.Degaonkar (L950«56) have been responsible for taking
QLONG emzmwaiﬁmm at Abue Observers of the India M@%émlmgma&
Department are responsible for ozone obsarvations at Dolhi and
Kodaikenals The ogons observations at Abu were made by me from
Tammary 1957 to Docomber 1050, |

IX



At
83
E

. The ozono vsluss presented in this.end in the subsequent
}magmm were culeulated frowm observations made with A)OUG' and
the absorpblion c:wi'i‘iczmm oft V’igvm&ﬂ The carlior observations
weze caloulatod wAth ebaorption coefficlents of fye end Choong?
ware convarted to Vigroux levels by multiplying the ogong amounts
observed with ANACC' by 1438. S

Fig .l. glves the deywbowdny veluss of ozone mummi:
aver M for the pordod 1052e50, j

*zrm maximan ozonn m;auz*mai iv} ‘fia;smm% during 1%’3«3’5&
and in Apm:i,-:vmy durdng the yoears 1&:6«0% ﬁ?m mza:ma g hards
falling in ftmea, romhdng comm tent durlag the mmmm mortthe
| and then agaln decreases and becomes o windmum in Nov-Dec,
in rmm, the osone amount beging to rise. In 1952 the gmm
ampunt wos lover than in other years, the mean m‘mea with,

?:s.gmm: goefficionts being 0,190 cm. '

Figs «2y 3 and 4 give the day-toeduy ogong ammmba
for gll the four stations during 195759, ‘

Ovor North India, the dayetowday fluctustions in
ozone amount are lorgest ln FameMar, vhon sotlvo westorn
disturbances poss aorogs the country.

I
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| The ogons amoun’ ovor Brinugay aﬁé& -Helhi sterts
immamz.rggg in HoveDeoy whilo the amouwnts over Mb.abu and
Kodaikenal inorosse later, The gradient of ozons amount botweon -
gouth India end north Indla is gresmbest in the months April to
| Meye In the months Apdl) to September the ogone values of Delhi,
Abu and Xodsilansl become almost mmmmm and the i‘lm%»ua%ixm‘aﬁ
gubside . The ozone yvolues over Delhi &wim thisz period some.
ﬁimg g9 below Abu valucs . From Hovember ﬁmmrfi, the Delhi
%’mns go on incrosaiog and the difPeranse bx;w@an tha sbu and
Dalnl valuss. &mmm‘m « Tt opn also be shown from the Clgures
that when the mm*w amuunt imx’easw from 1&3 m}*ﬂ.aﬂ of minimun
Cdn ”‘menem The incroass %zakeas place in a :&ariaa of waves o
BULLAS » Those aurges sre gonsrelly wagaz&t@:i with the pmmgﬁ
of troughs of lovw pressure ab 4 to 9 kma Another intereating
podnts Ls that on many aeeasions y the meximum ab .mma@w BoeuPs

one day esrlier Shen et Delhi or Abu.e ,
!

. In 195758, the ogzone Va:lma;s at dringgar, Delbd énd

- Abu wore golng persllsl to eash f;mimr upbo tho ond of Mays In

June and Tuly, bthe Dalhl valuses were neorly bthe same s those

ab Abu, tub in August Delhi aapami;aﬂ mb and folloved "Srmamr .
odtadtkmnal romeins highor than Abu from July«%mmm mm valmm

wora lowest in Novambor 1967 among all the stations in the

thrae yeors. | |

Mdg o5 glves the toneday moan orone amounba ab Srinsgar,
How Delhl and Mbabu Oromn 105259,
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Atmospherie ozone has o well established gseasonal
variation with p maximum in gpedng s2d o mindmun in subomn.

In Fig«8, the monthly moan vhluos of ozons eammnb wmn
mﬂmaagax*, mmm, Abu and Ke:dﬁmmal :am shown Logether wﬁ.ﬁh |
. bhoso ovar Tabeno. S

s

A11-the Indlan amtmua faoll in ong group with low

ogpone veluos. Tatens (369) iss at about the suome latitude as

. Brinagar (a%‘”*é) s bub the amna yeluas eﬁ’ frm:enm are mach higher
than those aﬁ grinogar. Tatono falls m %‘ha group corresponding
o higher 1&%1%&9@ vhare the seasonel. variatimm of azone '
smount are markedly larger, At Tatono, the meen ozons amount
vwmé from 04250 cm to 04450 om wheross mmx? Indion Maiﬁ%ﬁm
1% varlos from 0200 em to 0.300 ame ’

‘ o
In summer, hovever, the ozone conbtent over Tateno iz

almost agual to that over ‘Imiﬁ.m stations » Oecassionally in

gumior, tha Tatono values are even smaller than the veluos at
Srinegar or Dalhi. The Tateno orone abtarts sepavating from the
:mdim group in Dacombayr and the differonce incroasoes ?apa.dlw

The Pollowing 45 & summery of the importent points
rogarding the seasonel veriation of ozons over Indian stations e

(1) At Srinagor and Delhi, the maximun ogone values ooour

b
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in Tenuery and February wherans at fbu Lt is shifted
to AprileMay and at Kodaikanal o June«Tuly.

(2) . The minfmam ab Abu ocours in subtuma. I% ocours later
both at Dolhl and $rinagar. By the end of Yovemboer the
ogone values ab Delhi sbtarts lnereesing, while &t M Abu
a slow rise tekes place in t¥Ha bagimainy of m@a@mhaﬁ
folloved by & more rapid rise in the middle of Jammw. :

' In Grinegar, the rise of oronn talkes| place aven earlier
ﬁha& at Dolhi, ﬁcﬁh at Srinagar and Delbl, the decroase
An ﬂﬁ@ﬂﬁ starts in April and the m&nimwm is reached in
‘{}mm‘fysru%w@mmm Y ;

~ i . “\,,"'\ N l

(3 Tve meximum voluos nb d?inagar¢ Delhi and Abu 1%@?@@3@

Wi ﬁh latitude.

!

.- For a botter underatonding af the ﬁﬁ&&ﬁﬁﬁi V&?iﬂtiﬁﬂ@
of ozoney it is necessary to know ?.;m seasonal varieblon of
ozone conbent in different layers of Ghe atmosphoere . Yo shell
disouss in the next chapter the wikehr method of determining
tho vortical ddstribution of owond.

La Vigrouwp f:‘ng Miad afgtrophy .y 174 399 (1954) .

B ﬁywﬁb% and $ mi”uf’m{f’m‘g Chinage J.P0 a3 {(19a3) .
Be Tebles mﬁ? agone values «ﬁwalm* s:wwm waﬁ.ﬁme‘i by o0,

i



]

A ! t {
Le Umkahy affoot mnd 4ts gonergd explanabione

D, HaMtohr observablonse | o

P Urleulobion of the verticsd dbsbtribution of osune
‘snsumlng only peimery soatberings

Ay Garreotions for midigle senbberdng.

B P Sumery of some voprtieal distributions obbolned by
_ tho unkehe mothad over Hb. Abu.
\ _ .

e Goupordgon of varticel distribublon of azone ob
stations in different latitudes ond seasons .

ot wholy o vory low gun.
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Whon 1light from the direct sun ias f:bwwc:ﬁ on
airferont wz;vaulengtm at inereasing zonith dis %mm& af the
suny tha shortor W&?ﬁn}@ﬂgﬁhﬁt da@mma.‘ in tnﬁammy me:h nmore
roapidly than Lm lmga'? vave-longths due to ineroased sa&ttérmﬁ
in the pimog phere and glso due Bo imzrémm%‘absmwatim by
oz ab wav@«lmgnm shortep than 3850 R. For exanplo, L°
I~;-" Coand T are the intensities of c;irc:m, mnith fazmmgg:m
in the waveslengths 2114 } and 9324 Ry the poblo I/1' |
conbinugusly deerezses with ineressing zonlth distance mi*':r the
sutte The bahaviour is however éiﬁ.ffew;ﬁ: if the spectrum of
the elear zenith sky is Vaha‘arvéﬁi;, in this caso, L/1' goos on
doorensiag as ﬁm sun goss down upbo n aérﬁaizi 1imit, mxﬁ
beyond & corbaln zenith dlstance (4 abous 85°) the ‘mm.cs{ L/5
begine to inerease snd shows an lnversion (Umlehr).

This observabion was first mado by Dy L .'z;;.xr».ml»ml
Spltzborgen in 1929 and ho explained 4% ns being due Uo
the faet thot t}m azong 4 the atmosphors was mootly locnbed
gt some helpght above the surface of the sorth, This dizcovery

AY
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has formed tha bosis of a mothod of determining the vertical

distribution of ogonoc. g

Tha 1ight from the gonith sky is wmade up of the light
soabiered by nir s dirferont lovels in the atmos phere . In
Plgedy lob uws guppose that most of the opone is concentratod

ety

in 2 thin leyor ot 2 holght h sbove the ground and lot A,

PQB by tyo reprosentoblve boame whioh are gcabtersd by aiﬁy

in the vertical, A being above the ozone layep ond B bolow it

The light rocelved ab 0 in a vertical direation is
somposed of the light scatbtorsd by the atmosphere fron ké&aw
the wmﬁﬂgzgathim tho owsone 1&3@?{&@& fram above tha mzﬁa@
layer, A8 the senlth distonces of the sun incerossos the
abtemabion due to mgﬁﬁa in the pabh Peid 1nar¢aﬁﬁﬁ and ab

some sbage, the light transmitbed ints the lover atmosphero
andl seabbered by it bogomas mmgligihlﬁ sompored with that '
seattored by the alr above the ozone layer. This happens first

111
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for the more shsorbed wmmlwwim (3134 ﬁ!) .,‘; that stage,
some light of 3324 3 wmm 8111 be eavmamzw; bm- lover part
of ﬁhﬂ ahmos pmrm Whan ﬁ:}m zondth distance of ‘bm sun
inoreeses, I ' from below B will conbinue to decrense and
I/71Y will dnaremna.

e b

£

A detailod study of the ourvé of variation of I/I' |
with the sun's pendth disbance can be made the besis Loy
detbrmining the vertical distribubion of Omnge

o The desimal absorpbion emwf‘i'mierzt‘ o opone at 8114 ??
is a.mf«’ whﬁ.m that m: sa24 ig 0.%"?.. "he mtm of the
mtzzmamws of tm ranlth sosbtored scxl ae r:ximtwu in two

narrow E::mﬁsa near those wavswlongbhs iz maasured for aifforont

zanlth distences of the sua by moans of the calibrated mgr%;;ma:!.
vedge of the Dobaon 3%@%&3&1&;@%@%%. The ourve ram’mm&ﬁimg
log 1/1' against sec 7 or 74 shows a W:W‘Wﬂ&l ‘and s known &g
the '*Em&em" eurve, It is waﬁamwv, fal:lwzw Ee::tmm, to

plob log 1/1' agalnst § 7% in arder to viden tho aurve nesr the

inversion.

The method used In India for csloulating the ozone
digtribulion in the atmosphero from unkohr messurements ia

III
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F

I

he mothod B of Dobgon and Z‘Mi‘s a.; mmﬁifiﬁﬂ by ﬁwnam than and

ﬁmfﬁﬁﬁ

The dintensity I of primery seabborsd light of
woveslength X rocoived per unlt solid angle at the ground

from the zenith sky is glven by - Ao )
. P _ﬂd]i‘ SQC; 0“\ 'ijkclh ‘s‘
T = K(,l+¢o51)IJﬁ\(,,, h t
q . ° ._K{_,B/‘SGC},\G‘”\ —/~'BA dﬂdh
_ . s

= K(I+cos5z)T, Jfk -Io <lh

%ﬁwm % 4 the enith dist tanck of the sun, p f 15 the density
of Mr at a ‘hedght by o the abamgmim e:mi‘.f;‘mmnt al ozone
par unlh thmm'am ab 5.0.P and B mw aaafmcm% of

-

senbtering of olr per ualt atmosphere, Y voprosants the tobal
i’z@:egm%;w thickness of ozone Yraversed by ﬂuﬁligh% from &
polnt oubside the atmosphere to a height h vertically abmr‘e

gho obsdnver and from there Vﬁrﬁimall{ downward the ins trument .
h's ﬁ.ss a funcetlon of the height d&sbmbumm of ozong, ¥ denolo
the 1%@9&@&%& alr moss. traversed along the same pabth in LHYNS
of the masz in o unil standard atmosphaere. , .,

A similor squatlon can be wrltten down for the
intensiby 1® of the loager wmm:!.@nghh: > with eorros panding
vluon o and ,3’ of ozona ebzorpbion and soattering attemaabion.

Thus we ocsn obBaln log IZL' for any sessumed distribution
of maono . The nocessary tables for gomputing log I/LY with o

111



givan distribution of agone are glvan in the fnaels of the
I0¥, Vol .G, 1957=58, Ruowing the total” szone pms;m%: in the
atmosphare ab the time of observation, a mumber of thoorotiosl

Umltahe ourvaes aan be aploul abed asfsum&.m}: difforont distributions

of azone. The ddstribution for which the ealeulabed curve Cits
the e:sM@Wﬂrj gurve within spoceifisd Imﬂ.m g bteken Bo 3
reprasont the disteibubion of ozone ivz the abtmosphere. Thig -
iz the method adopted by Gobte, Mevothom, and m{bsa one

Ramanathan and Dave divide the atmos ;msm from aen
lavel upto “54 ken iabo 9 1@@%, asoh of & km thicknoss. They
assumo that within each layen, the ozone is uniformly

adgtributed . WS

S0 fery, wo have consldered primary ‘seattering mmyn
G3tz, Moetham and Dobson considered that the inclusion of '
maltiply ssstborad light in the malmzz‘;&ﬁim Etlf‘ the thooretloal
umkehr curve would nob elter the curve bubt would anly displace
1t bodilys It has been showa that this would net be corroct.
The wave-lengbhs 3114 % and 289 R ave very difforently
absorbed by ozone and .es tholr soatbering mam’mmm are
alao emffeawmﬁ* the contribution of mdtiple scatbering in
aifferont layors of the atmosphere to the totad soabtored
m@m from the genith wold not ‘i:sé in the some proporbion

when the gzonlih dlafance of the sun changes .

11X




If the inteasity of Light @i‘ wayowlongth 2 or A
whieh o recelved from the atmosphore i;z a vartieal direction
he ﬂaampam& into primavy scotborad Jight (P or P') and
mul bAply sosbtered 1ight (4 or M!), vhat we wossure with the
Dobson gpoetrophatometer ie log I/LY for different solew

[P,

Cwenilih distances vhorse

X P o4+ H P +M/P)
. sasmen B sscvmdemeriace B wintom  chenmcrbwmsteiund | |

T PYow MY PO+ MY/PYy L

Ve gould correet the I/LY eurve %o plve B/¥Y if we
know the actunl wvalues of /P and ’X’II“' for different zenith
dis i;::mamaa of tha sun. Since She szone %&exv@‘im ami‘memmm
for 3114 sad 3394 wavaumng*hs aeo mﬁaly zmm‘emn‘a, ﬁ?zw
veluog of M/F and HV/P Por those Uwo waveslengths behave

diﬁfﬁréz&t&y with changs in 880 2.

_The determination of M/P for a scabloring sud
absorbine atmosphere whome the abs arbing component is s
:ﬁ‘umbﬁ.arz of hedght, 48 an important problem in abmospheric
wptics « This has boen recontly sHudiad h:sr &&3@:@% gl Dmms
for a plane porallel abmos phere azsfjmvw mm there is m
szono below s certaln lavel snd that above thab level, the

ozane dlstribution hes o form similar 't:m # Chapman dis tribution.

s o prackiodl empirieal solutlony v Remanathan®

sugrosbed dhat 1f ingtoad of compering Lho z.m.ammm; aft Light

of tws woavewlongths such ay )\ 314 R and A 3922 B vhose

absorption seefficlents are vory differsnt and henos whoso

I



madtiple seabbering would é.‘!.m [+17] bvary- e%:%.f*:i‘z‘«;wwm, We gompura
the intonsities of two vavaslongths 1ike 2\ 30805 2 ana

AN :33.1«41 R whose soatbering cosfficionts arve near gach other
and whose nbs nrption eccefficlonts are, though unoqual, of
the same order of magnitude (L.982 and 0,912), wo may oxpech
log (I3055/I5114) curve to be a better approximation to the
sorresponding log (Paass/Pgria) ourve “thon log (xalmf’xmg@)é
wouldd be o log (Pgyia/Pguoal)y whers P‘ ig the primary maﬁt@mﬁ
1ight, : ' Y

Thus the problem could be reduced o that of obtaining

the eurve of log (Igos55/1a114) egainst 2%,

e~ 4

1t was also sugpested thab ﬁ.f?\ﬁm \\}char, wave=longths
X 5114 sad © A 3176 { <= 0.2 and f}&ﬁl} vore used, v
should, if we moke & proper correctlion far multiple scabtoring,
obtaln’ the same distribution of ozone as with )\ 3035 and

A 314, | B !

in proatico, we obtaln two uitehr ourves on the sane
day with tvo palrs of wevaelongbhs log (I3114/Tgaoq) and

log (’Imﬁg/x;ga%} wlith the Dobson gpoctrophotometer.

/
Since ozone abssrpblon iz small ab both D\ 338 and
2\ 3254 we can sssume thet the bobul penith seatbored light
at these wavoelengihs would be proportional €o btho raospeoctive

primary scabtered inbtonsitles aad thob
log (Izpsa/ignm) = 103 (Pyose/Panesl e

ILI
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log (Imr; /Zi,nm) can 'i:w e::hﬁ:d.mﬁ by mmmmmmﬁv

>

log ﬂa:gmflsgggg frm-{ldg (Enoss/ignsg) - log '(x31M/x$:3§54)}

_ Pl «2(n) glves exnamplos of observed umkehr curves
for AAd AAC and AAD ;mm.a of mm-lmgtm for OBONG ,
anounbs 0.823 om ab ME.Abu on m‘-m..m and 0,292 am ab ummgar
oYy J.‘?«m»l%‘f% rospoctively, and the curves Carmma) aaleulated
3l %;m assumptlon that %.hﬁam was prinaey e,mémzmm anly e

Jf‘;i.g «2(h) glves the derived umkehr curves i*oz*
Log Ciiwgr«/:l: 311&3 and for log (1:33.14/;@31?6)' )

The derived umkehr curve of . 1@? (’KM%/IE 134/ wil‘k
be a bebter approximation to log (P%%/PMM) although 4t is
reslisad thet it is nobt strictly corregt o agsume that the
patio M/P for 2 3055 and D\ 8Ll4 aro egual . ?m riearivm
unkshr curve of log (3:353”’5/1 a134) €01 be used to demmma the
vertical distribubion of ozone by the ususgl mebhod of trial

nnd Grror.

The distribudlon thus obtalned ww ugad to mmzmm
an umltelr curve for log (Ig1i4/igacs) Seking into acoow m
primary senbbering only. It is found that the polnbs of the
unkehr curve ‘b seloulated differ from the points é:m{ the
~observed ourve of log (Ig334/Iaan) by amounts which vary
 with the zenlth disbance of the aune '

Corractions wore obtained by subtracting corresponding

1x
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I

polnts dn Yhe two curves for different zeaith distances awl
for differsnt opone amounts. Table 1 bolow gives tho corroctinns
thus found for different waveslengbhs and for different ozone
amounto . Thus one can derive unkehr curve of peinary wmﬁﬁmm
1ighs by applyine appropriste corrections ab different zonlth

distances of the sun to the observed st;;m}mm* ourves with—— .
different padrs of waveslangbhs. | oo
{ | Tabla 1. ‘ B {

- Mean multiple seatbering corrections celeulated from
AM(A=C) dlstribution of ozone, for different ozons amounts .
(J:f:a be ﬁub%woﬁaé from M, ) *. o

o Qw;ﬁmcat | _ ﬂarmctm'gm ":‘l | e ]
eammm N .

AA Dol . 7 @= ése:;f* 70“’ 759 807 'ma® #%.5 83 op?

AL DI D LeD a0 AeD 4B Ae?  BeO 50

‘ 4?{‘3 g ’00@ 3-.« ﬁ-? ﬁma o .;53 » 3.3
(:-/G* f’;i}ﬂ *-:} Qt? " ﬁtﬁ 4@9 ﬁ&ﬁ ‘ 300 @u’? r

‘ 475 - D.0 442 3 2.8 P - Qbﬁ

DDt 995 0O 1.0 240 440 540 G0 540 Gud

478 ' = Q0 Lo 240 Be3 347 - 3e7

mmmm aceording to Sekora & Dave velabive to podnt ab 607,
g/oh 250 0 2.8 4.‘3 1005 430 Lil.5 m.a -

{
Gorrections glven in IGY Mzanmal

¢/ct Mo 0 1.0 240 445 640 6.0 6.0 840

o a0 e 3 aid i it . 43 o 006 Wik i . i i

A 0 Ll o A4 0 & " o i Lonb g g G o o o sy beud K Ay W Y

The folloving laberosting points moy be notod ge
(.l}' For the sama opons emount by corraetions for A % G palrs

IIX



y. 40 &
of waveelengbths are nooply the semey bub for D pair
of waveelongth the corrostiong are slightly higher

thon thoge ':ﬁ'm? Aoy O

(2 The corractlious obtalned for high ozone amount (475)
ot Rosolute sro smellor thaa the corveetions :i'm" lw
spone amounbs { <206 DU a.} ob%ained ovor m&i&.

.
ool

{3 in Indda for ozoae < 205 DU, the corrections now
| - N
obtained for anglos grester than 247 gre slightly

smaller than those used by Ramanathan and Dave.

The folloving genersl :at&‘i:emmﬁs: may ba ‘mm‘m regarding
 the ‘multiple scattoring eorregtions. W f’u

Ly For the seme ogone amounté Sheve does uot soem to be

slgaificant difference in the corvegiion to ia#sn apulied
%o observabtlons with 4 or € podrs of uasrsml@ngtm, bub
high correations are required for longer wamaamn;;tm
L0+ the effect of miltiple senttering incroases with

inerassing wave=langth or decraasing nzone nbsorption.

{2) The sorgaation beoomes smaller wit;h inerenso in mmm
smonnt Lo, the effest of mmlm;m seabbering éwmm@m

with ineressing orone emounts e

sekern ond Dave® have recoatly ﬂismme;éd theoretically
the corrootions to ba aw}.mﬂ to tm umkehr eurve for multiple
goabbering . They amasume o plone poavallel admosphero, divided
into | o loyars sn upper loyer in which ozone ig dis ﬁmmm&

I




. Ak 8
| aeeording ﬁ@'phataamamiaml'ﬁhawyy éﬁﬁ A lmﬁewwlay@r in which
there is no ognne. Tho saabboring optiasl thickness uf the
uppoer 1&y§r 48 pasumod ta he small an! only primary scabteoring
18 talan into oconsiderstion in this'laymr. Tho scabbering
ppbtloal thickness of the lower layar igs lorge and éll'mrdérs
of scattering ave considered in this 1?y@r, | o .
in Table 14 thoe aarr@a*ﬁaﬂﬁ for multiple seaﬁt@yiﬁé ﬁ
on the umishy curves sccording to Sokerh ond ga&m ave also
given, along with the secondery santborlng aarreaﬁinﬁ glven

ascording o 1&x mannal »

s

~ Tabla 8 gives the vartiea& &i@%ribuﬁimn @f nz@ﬁ@
over fovw selocted sbations caleulabed frmm umkehr m@aﬂaram@n%s
by difforentisl mothod weing 2\ (A=C) &ﬁd also with correctiong
Aﬁpyliaﬁ o the observed umkehr ﬁ&??&ﬁ according to (l} 1oy

manaal ﬂﬁﬁ () sekavra ond Dave. .
|

_1If ono compares these dlatributions, one finds thet
thora 1s not much difference in ﬁiﬂﬁvihntians,'%ha égﬁaam@ﬂt
wotwaan thom is rabher good. It.may"b@vm@ntiwnﬁﬁ that the same
mulbiplo saebtering eorrections given by Sekera and ﬂava fmv
ozone 250 1. have been vsed for higher values of ammnm alam.

g3 reprasonts throe typlesl umkehr ourves with AA G
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for different velues of azﬂﬁm mva§ ﬁﬁ.Abu; The values of
ésana vere 966 Déley 220 DU and 201 BV, respectively, The
vertical distributions wers enloulatod by IGY mothod B applying
’@%aoudémy'ﬁaabterxng asorrections ab differont zenibth angles.
%ﬂmmwwyWMMmegzmh*ﬁFam‘A%mAhmmn
by Ramanabhan and Dave in their puper in Annales of XQM‘W@rQ
used with proper vaelues of 3 4, B4, “.t:ha bables of log Amye py'
have been corvegted for the alﬁiﬁuﬁas of atmﬁia&& ahavg saa

1avel s f L

F&aéé‘illuaﬁrakaa the biuak diagrem of varﬁiaai
distribution of ogong on %hmag thrag éaya eolowlated by xﬁﬁ
vl mﬁ%ﬁh@& E Y Loy ,i 'll

Table 3 represents the varﬁiaag distributions of
prong for fev days ovor Hbt.Abuy caloulated by IGY method
applyifig sscondary scabtering corrections. It is soen that
when ozone changes take place, the major chonges ooeur inﬁ
LHeB4 W, Bome ozone 14 found even ab ground level which L
sgreos woll with the surface ogone messuroments. Ozone abwvé
46 ¥m does not vory much with the totel ozone, The changes of
ozone In diffevent loyers with total ozons changes is shown
in Fig5. ‘

Fig.5 represents the scabtber &iagram of fractional
azoné in vearious layers in the atmosphere, It 43 bused on the
opone smounts ab differant hoights caloulabed from 39 sebs of
wnkohr curves, csleulated by IGY method B vith secondery
sonttering corrections. The atmosphere is divided into 4 layers

11X




w W w -«.M,M i I T i 7 m ,M\ T T T T T 1 ; 8
- AT d -
YOI
¥
L (WD OWLY _._.:xv SINM 0§< "ANOZO
9 1 Z1 o1 B © ¥ T .0 1 oz Ol 9 % T 'O 7T O 8 9 g
_ 1 T ] ] 1 T ! 1 T T I I ] ; T !
e - - ‘ol
- r
@@4\.0 a 6TT-0 ) m _UN.O
85 ST 8s7-¢ RIET
| ' SR ' Y SR SN S SR B N N B

Ndy LN ¥IA0 INOCZO Ho  Noundiwisid “Iv2oird3IAa




SR e e e

. 0-12 KM. e

’ | | SCNLY N . 36-54 KM=
0°® oo . B ' \ -

T 20000 . 042 CEW . -

TL“::“\hN : - e 0
sz ot Im P »* ”

X36’5'4' ® e T, e
oor X . . -
[ ‘2;\ .Q
° 0:09 |- «® 8 .
1 { { | i {
12-18 KM

o4 058

0o 0.54

;;V" O-D% 052
5;= 0-06 OFLSO'

0.43

?04%

0-16 0.30
0.4 0.28
o1 026
1 { } 1 | ] i 09,
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200 220 240 260 280 200 290 240 260 290
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SCATTER  DIAGRAMS  oF FRACTIONAL  OZONE  AMOUNTS AT
VARIOUsS  LEVELS  AND OF QQzONE BETWEEN 12~ 24 KM,
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| 0-12 Kmy 12428 Kmy D436 Knt and 36w54 Kin I 1505 the osons
Camount An 1224 Km s also plmt@d agninst the f*nﬁle ARONG o
v&grﬂmm'ﬁ ahamrpﬁinn,aaeffiaianza waro used .

Ph .L B K level 15 subdivided dnbs 1813 and
18e24 Km and the froctionsl ozono amounts plottod against

the total omone. | -8 1 4
| The following points ore of i.&ta;j@éi? b
{1) Whan the oszone amount ineroeses, ﬁh&jwmmmga
@m&a amount decreases above 36 Ka.
(2) .  Oszone amount in %n&@ K 1%&%&395 a8 total ozone _j

m«mxw inereases but the mraauﬁ&m wm@ amount
ﬂeamm«:&s with ozone ammmﬁ. R

{3) - -+ The ozone smount in 1284 Xm inoresses with the
total ozons. The poresntage of the total opone also

-~ Inarenses whan tha tobad mema z!.zwmasmm o Tha
porcentoage imweaaasa is ymmmn%& in 1819 Em,

Y The ozone &:maaunt‘» tmwem a.-m e dwﬁ not change

moh wi.t:h Lobald ozone. o

it :I.sa saen from Flg«S thab wkm %:h@ tobel amm*tt of
pzone 48 P20 DJle, 11 % of 4t is found in el Km, 18 ,% in
12424 Kmy 6 % bobwgen L2158 Km and 12 § botwesn 1024 Ko
83 % 4n 24«06 Km and 15 % in 36=54 Kme But when the ozons
amouny chenges to 270 Dy 9 % is found Lo QelD Xm, 27 4 |

II1



3 l"? %

botweon Lo Ky (l‘é%? % dn 12«18 Km and ‘lﬁrﬁ" in 19.24 Em),
B4 % 4n D4e38 Km while 9 £ da in 96-34 Km lnyer,

3
To obbain comparable -mam:iéél distributiong of erm%w
at differant placos it would bo of great help if the same
mebthod aould be used at all the places . Ie %@ observations
aold be synoptila, they would be of even greater value,

Vertisel distritutions have baen caledlated from
unkehr observations mede at the folloping places with the
Dobson spaetrophotometer folloving an'identicsl proceduro of
aomputation. Kodelkanal (10%0), Abu (24%1), Torishime (2100),
Srinsgar (34°0), Tateno (3690), Sappors (4390), Avosa (479W) "
Laska - (8590) , Troms

Moosonee (5104), Sskdalemuir (55%%), Aj
(70°8) und Resolute (?5%W).

\ .
In compiting the vertical dilstribubions of ozone

from the obsarved "tms}zéam‘ gurves, tobles prapared by v
Kot silomanethon snd J.VDove for o 6 Ka division of the
stmosphere in the IGY Instruction Mawmal have beon usod
The aorractions to be applied to tha unkehr ourves for thy
secondary seattering given by them in the same manvel have

- bean used uniformly %hmu@gmmﬁ whonever bhe ogone amount
wes gmaller than 300 DU, The tebles of log Amy « BF for
A 314 and ' 3324 hove beon correctod for the altitudes

K3 9



y A8 3
of the shablons nbove ses lovel., The seanndary scatbering
sorractions Yo be appliod to the umkehr curves are not the
geme whan ozons emounts are high. The correctlonsfor ozone
" amemntshetveen 300 DLW, to 475 DU, have boon used as given
Cdn Table L. '
Pable 4 zives the summary of the vertical dis ﬁx*:iﬁiﬁi%m‘

A \

of nzone gomputed for the places mentioned above

The mlrs..mwima points are of é.msaméi: i%

{1} ?hrmig?améz the year, there is more ozone in the
troposphorae in labltydes higher than 30% than in

1y

lower lobitudes. woooq

(2 Whon the total ozone incroases , the .ma,jaz* port of
the incresse tokes place at levels below 24 Xm ab
middle and high latitudes. Signific gzzﬁ: amfmnmﬁm
hrought down to 12-1% Km in substropleal :mmmﬁ@% .

-

o Vo - E
L (3) The ozone above 36 Km is not changed approciobly
whon the total ozone amound is changed. |

 Pig«s gives the position of the centre of mass of :
ozona ab different places in summer {(vhen orong mmaﬁmz is /\/
gonarally low) ant in winter~spring (when the ozone smount |

s often high)e

_ e conbtre of mass of osone is higher ovoer the

- aquator {ahove 85 Kn} than at m;:ghér Totitudes (aboub 20 Xm) .
| During winber there iz a sharp o1l of the f:_smtzear of mass of
ozone at 30°N, whereas the decrease is:.movre gmd«f/\@ dureng summer.
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wamw m@wm@mmm wibth Dobaon amwmmmmw*
wm*za mode of Almedabed and ware ambimed for sometines even
after sungel with 211 the theas wavelongth ﬁﬁ&im: AAAdy AN
and AAD. The walues of Log LV/Ls Lor different smith

ddstancos of wun weve plovted ageinot 2%, The eurves showed e

gemo ususl trendy but when swy was 29 or 3% bolow horizon

the veverssl in She trend of Log IY/1 was ohserved in sll the
thrae oarves, the vevarsal in the longor wawa&.@s\:ﬁ%m aoouring
labber then 4n ANA. The third peverss) in Log ‘i:h'x; wss slso

obsarvad on pone deye .

!
The similar Phimnomennn, was abservad by Dy ..mwwh?
at Arosa, Those veps seen by him on ANG when sun wes 3§°
sad on OAD vhosn sun wag 4% bholow hewdgoris

Figs ahows the typlosl umkehr T "mwmémng
the sscond snd third reversal in m;g I1/L &n a1l the thraa
wavelongthe mﬁmq

In the next ghaptor, ather mothods of determining
the mam:ssﬁi rmwmmum; of opone will bo desoribod.

% A briel sumnary w;&? 'M’!iﬁ worle wos ?rwwtmi by Dy mamammmm
gﬁ tmxé :%zgémwmﬁimm}w ﬁmma &mx,m el zmm at ﬁwma in
AHUS o o

IxX
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SECOND  UMKEHR AT VERY LOW  SUN
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Indipons methads »f detorsindng tho vertiesd
distribubion of opons.

The weiahy method {alvosdy deporibed in Chapler I3X)«
Infpaered mothod .

Lunar selipse end sabtellite observabions mothods.

Direoct mobhods . ,
Chemionl mathods -Bhmert, Dabson mt'!%%mww,_
Avewver sl Milfoard ond Bogonor.

apbical methads wePopbeold, Voasy.




The methods of deotermining the vertical distribmtion
of ogond San bo divided brosdly into two groups:

Ly Indirect methodst (a) Umkehr, (b) Infraered and (o)
Tunar Sclipse or satollite, amd

() pivect methods 3 (o) Chemiosl, and (b) Optleal,

I(a) The wakehr mothod of determining ozone ddstrivution
in the vertical has been desaribed in the 1ogb ghapbor .

1(b) - Lafraered mobhod

Sﬂmmgl in 1943 suggosted & mothod of deteruiniag
the ozone dls t;r‘imm{m from gimulianeous measurements of the
~ intensity of soler radiation in the uliraeviolet and the
infraered. Ozone has n sbrong sbsorpbion band ot 8 & midn

the infro-red roglong.

Absorpbion in the wltravislet deponds only on the

gotal smount of ozone in the path teoversed by tho boam, while

v




in the infroered it depends alwa on the prossure ‘at the

levels in which ozane is ps:*afatan{zﬂ It 45 possible 4o combine
simul taneous mamuram&nw of the intensity in the ﬁlﬁramvmlm
and infraersd so 83 o yleld a mm effective pressure for the
gentre of gravity zﬁf&f abmos pharlc macma. '

The manner in vhich the inbensity of the D8
immz'mﬁ.m band depende on the smount of ozone and the pregsure
of adr with wideh 46 4o associebed hes heon -éatwmmw by
iabmmtnx*y axporimonts by aiumzarfam, and by Walshaw &
Goody®s3, The method of Walshew and Goody is briefly desoribed
belowe  __ | : ‘

A double monsehromator having two 30° vook salt:
prisms 1a Littrow mounting wes so srranged that the dispoersions
peinforced ond anothor. The detoctor was a Golay pneumnablic ,
eoll s The rediation was chopped ab 12 eps and, the oubtput
aizgéml from the deteator aparated a pen mmm@r afmrv baing
amplified . Carve wos tuken o stop sny aﬁr&y - vadiation from
mac‘mmg tho a@‘t:mtmg, The spoatromolsr was ﬁ.*f_s;aﬁzamﬁ in a
vasuum tight chember ond dried with silicas gai. mdmﬁ:&m
was amf»}g@a to enter through a window snd the seonning
nechanism éixﬁim width oontrol were gp@i;aat@él olectrically
from sutside.

pdahb. ol eeong

Mathad 0

£ aveluation. of noa

The prinelple of the methed 45 that the sroa of the
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D46 A shoorpbion hs@i aa;mm an bhe bobsl osone and on its
mou - prosaure. LT one kaous the law of varletion of the evea
of the whole band with ozone amount and with pressure, one
laam,fimﬂ the effective monn pressure s wﬁiah the whole opons
in the atussphero may be supposad to be amna@mﬁfaxe&. An
approximate solution to the problem of absorption along &
pressure gradient is given by regarding all the absarbing
guses tn be eoncentrated ab o moan gﬁ@ﬁ&ﬂf&)@i?ﬁﬁ by the
fm:‘muia a | '
o et
| j“ £ dan

P is the density of ozone bebtwsen h and hidh, The
totnl ozong smount ean be abtained by the ultraviolet
ahaorpbion mothod with a Dobaon's 8 peatrophotonetar.

The area of the band can he datmrmmnwa by planimetoring
the ares onvlosod balow She ourve of baakground lnbensity and
the width of the band and then miltdiflying the ares by a
gonstant determined from the froquency celibration of the
spactromotor. The complete dasoription of the band spart {rom
the aaqm@igggagtgim hovever very ecomplicated dus to such
probloms p3 the combined effect of Doppler and ¢olligion

brosdening obtc.

An empiriccl relstion bebwesn the tobel ozone amount
and the effective moeon pressure at which 1t 19 situated and

)



tha band aren was found by laboretory exporiments. A numbor

of s.pgscwé wore boken in the D8 M band with mixtures of

adr sad ozone, by keeping the osone amount consbont and

verying the prossure from O.d bo 760 my of meroury, tnd

asnother set was obtalned by varylng the ozone mné?mt from

0+001 to 13 om at 8TP and keeping the pressure anmfsém:..

The band area ves found o be proportional to pPe20 ' approximatoly

Thua by kmowing i:m abaw;atha mm% aron and the
total ozone amount, the mean pressure at whioh tzm neono 1a
sltuanted ean bo found. The effoctive prossures were Lhen
converted into helghts dn I.C«A0e standard ataosphers (Lo
& pressure of 170 mm of Hz ef 11 Km and a constant Somporature
of 21878 K sbove) .

This-mothod hos an advantago that the offest of
molooular senttering is mimmrtmﬁ, bt dus§ and hage have
Y ﬁiaﬂﬁfiamﬁ mmmma on the 2.6 a bmﬂ.

In & laber paper Gpetein, Osterberg and Ade) (1055)
and RMOoody and W0 uﬁﬂ&ﬁhﬁ have glven o m@t’a‘mfs u&::&m hmm
phsorption on the 9.6 Mband and emisaion on the wm band o

VVVVV

mm smission measurements are mma in the sky at &
numbor of wenlth sngles; 1% is also mede from liquid elr, and
from n black cavity kept abt a gconstant temporature near the

room temparaturo .

The following sxpression for the omission ares of tha
D48 M band wos élawivmi from the theory of radlpbion pe

iv




s fa dx )

where B 43 the Planck blaok body radiation in the 0,6 Vo
band snd  ST(b) is the mean bmkgimmﬁ radistion transmd tted
to the ground and A/ T (b) is the omission arves of the D.6 4
band just gbove Lhe emitiing leyer roasponsible for the
bmkgmum and which ¢an be celoulated from the amm‘smm
Dzone distribution is deternined by adfusting the opone in
differont layers by trisl awl orror tn give the bost fit

toy the mmna omlanion aros.

Goody and Roasoh divided the stmosphere into thres
lzxyﬁm and wﬁmﬂ the followving dlstritution of ozone in

amh iamz*o
Layer O in om B8TP per mb.
1. Ground to tropopaise alp/p
e Tropopeuse to 30 mb  b(n,/p)®
P < 30 mb - e (py/p)*

vhere P and p ere the prossures ab the bobtbtom and top of
each layer and ay, by ¢ are the constanbs o be adjustod to
glve the-best fit for tho ozone omission area, '

The integrsl in equation (1) is evaluated by suwing
the contributions from thespe throe leyers, troating sach
layer as if 4t had o unlque average velue of B(H), For an
opbically thin Mywl'ﬁ iy mgiven by

v
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PZ
ant fop mﬁ optdaslly thick Llayoer B worres ponds fm o lovel
Cnear Yo the bottom of the layer and this expression ig used

to avaluate B for ail the threo layors.

‘For saeh day of observations B is dotermined. A
volue of 'a' is selected aad 'Yy fo' ave then caloulated
from the knswa m(0) end B(0) where m(0) 1s the memn owone
amount obtained from Dobson spectrophotonster snd P(O) e
the moan pressurs of apnng ﬁ@%@mixwd by the &bﬁﬁ:’tf‘};}ﬁiﬂn of
ozone 4n 9.6 S+ bande The integral in the equation (1) 1s
then dotormined for a renge of renith anglesi The caleulatien
is repeated for difforent velues of 'a' untill the best fit
o bm correataod opone emission is found,

Hpsteln, Outerberg and méﬁ 9 §n thedr work on
the verticel distribution of ozone from the infraerved and
ulbrasviolel obaervations Aivided the atmosphers into 13
layers k75 o § Km thick, botwoon B Km and 47,5 Kme Thoy
asgumed that osone wes distributed uniformly in each layer
and that each layer was isobthermdl and isobarie, In the
wompubation of the omone distribubions they maﬂé usa of Q)
the effeotive radintion ‘%mgzaw&tm?m of opone layer ealled
BRTOR, () Mgy the fractionsl abaopption by abmospheria ozong

v
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over the D a band in the direation of sbsorvabion, @) w,
the preolpltable water vapour in a vertical osluma af the
atmosphore and (4) u, the total ppone mmount in 8 vertieal

aolumte

The radiation from the ozone was eompared with that
of & ‘ma@}ﬁ bady rediator covreclod for the obsorved greynoss
of oumons. This eorrected radiation intensity wes coaverted |
to a temparature ERTOR, by the Flanck black body relstionship.
Aas Por the onbive bmgi wan deformingd from the mﬁaa wi the
- pamyl obteined by plonimetoring aftor pllowing for the absorpbion
by water vapour we Tho toksl ozone amount v, way detormined
by Dobson speedraphotonetor.

From Agy Bhe i"miz‘ﬁmna:i pbsorption over the ceatral
Ould M band (ap) was dotormined. Summerfold Bus given a
relation from Laborabory expuriments, botweon Phe transmissivity,
the affeotive thickness of ozong uy, the setual ozone amount U,
and the pressure. The velation botwsun emlsaivity and u, ves
detornined o 16 the dubn where up was equal to u(p/p,)0e"98,

Thms Trom Agy the emissivity (leo,) wss obtained and
gubatitubing this in Sumerfoldts mmmmév;am;{ batwoon Up. and
emlsadvity, up wos enloulated in the direation of observablon.
fo detormine the offective thickness of the sgonv in the |
vortlaal column, up 1o divided by A , the cosine of the
zenibh anglo.
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Tha dnfroeved radiabion bemporabure sm:sm is meximun
fpom the lowast layors of m abmos phove (tmmsrphém) « Bo
the method would be insensitive bo shenges of agzone in the
glratosphera. in splie of this, Zpsteiny Osterbarg and Adel
have observed marked semsonal variations in the vértm:ail
Adlstribution of ozone snd sn indicabion of annual varlstion
of ozona in pheses with sesson sbhove 30 Kie

 Dust end haze are 1ikely o contribmte substsatislly
bo 9.8 o radiation. Hence use of this mothod in the prosence
of hage and dust are Likely o lesd 4o confuning resulis.

1¢a)

Barblier, Qhélﬁmgea and Vi{g:z*mm? in 1948 sugresbod the
uge of &meem@}mm@wm me aanranonts mi" the earthls shadow
on the moon's dise for studying the absorpbion of sunlight
in the sarth's high wtmosphove, In 1850 H.K.Paetzold®s 90
in Veissenau used this methed for determining the ozona
distribution in the almosphers. An lmporbant f‘aamra' of this
mothod is that the Mzmw diy i:x*immfm ovar a mmggea of pgoographia
latitudes mm m dmwmmm? mmulﬁnrwmmiv from moasuronents |

made ab one zﬂ.mm

The zape»ca'wm. intensity of tho light in the Chappuls
hand Ls measured ab the adge »f the umbra on the 'mmm
parpondicular to the boundary of the shodow. Photographs are
taken of the darkensd moon using interforence filters ab 6000 R
at 5000 R and at 4000 R in various phases of the celipsa.

v



From moasurements baken at 4000 ] and 5000 8 one
am f}&%@mim the ntimosphorie extinetion sutside the szone
a’izsmwﬁim band due %o seabterinz in tho form 4, ;\ and
from the odditionel messurenends takon within the Chappdus band,
the ozone disteibution ean be oaleulated. Vigrowtyin one ense,
“has given the plot of rolative spectral intensity Alstridutisn
af the shodowed porting on the moon's surfece for various
shedow polnts and for o wavelengbh range from 4500 # to 6500 &,
One gan esloulate how the intensity in the ﬁh@pﬁm hend
would very for different nzone distrimbtions, |

dvaluatlonse _

Lot .i‘-‘(_ 73 ba a polnt on the darkensd moon near the
boundary of the ssrth's shedow, whore 7 ia the angle betweon
tho line Jolning P vith the sentre of tho earth, and the 1ine
Jolning the centres of tho sun and the aar'img Lot 04(Y) be
the mean ozong mass in t;m aarth's mxmmam traversed by a
beam of light arviving at Po 03(Y ) is detormined from the
intensity mepsuvements made at the shadow polat P, Leb ug
aonsider a ray -f:sf Light from the sun ab o helght h from the
surface of the earth and let 0z(h) be the moan ozone mess
traversed by thab ray in the earth's atmosphere, Jow psevming
the sun as a polnb source, the height h cen be asleulated
vhen Og(h) aquols 0407 )y wedng the deba of atmog phorde
vafragtlon given by Link. By knowling Oz(h) Cor different
ghadow poinbs on bhe wooa the distribubion of ozone in the
vertical can by culoulatod,

w
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. The results ohtoined of tho mmé distributlon by
this mothod woere emmpered with the distribution obbpined by
othar mebhods . Tho me mmﬂ is however of limitod use, being
appliasabloe only 'wlrmm there is o lunoy ealipse xw} the siy i

gloar .

 The detormination of ozone by the chemical mobhod
depends on the well known chemical renstion, the oxidation
of BRI in geutral solubion. '

BRI + Og + Hp0 —> Op + ZKOH + Ip (1)
Chemloal mothods for determining owone in the
abmosphere from observabions on alreraft werd first developed

by Regener®® and Bhmertd®, Recording mothods wore aons tructed
by Glueksuf and others*® and by Bowen and Regensrid,

Bimertts L2515,18 mothed 45 briefly deseribod belowte

oy ?J@ golution of pobtossium lodide ds mede in double
distilled 'wa‘%mi? with o fow rgm of sodium thiosulphateo. A
faw 0e0. of this solublon are buken in a small bobtle which 1S
Cfitted bo a bubbling apparabtus. A known vmhmw:”&:i‘ alr la
drevm through sintered glass dlaphrogn nad the KI solublon.
The ogone in the M‘E‘ ronote with the pobmssiun lodide liborating ;

1y
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iodiae. The preseace of ﬁagﬁgﬁg_r@m§v@a the free iodine.
The excess YagiaOg remalns in the solubtion. The godLun
ﬁhiaﬁuiphat@ in the aa&ﬁﬁiu& through which alr hes been

passed is defermined hy’@1@@&?@@%@@&@&3‘tiﬁraﬁion, Tha
differance hetwsen the amounts of Nagisla awnta&a@ﬁ ”

(1) in bubbled aolubion and (2) in the originel unbubbled
solution, Ls the lodine egquivalent of the ozone aontained

&ﬁ the volums »f sir that hes beon pessed Shrough tﬁ@ solubion,

flowan and flogenorfs apparabtug for mossuring the
azong concentration ab Allfferent héigh%ﬁ uging air eraf't,
consists of a palr of elestrodes immersed in e solution of ]
pobass lum imdid@ aﬁ& HegpBalq through whioh air is bubbled. |
Iodine is liberated conbinuewsly by the action of the ozone j
in the air. The liberated iodine is neutreliged by HagSady
and when all the Has520, ie @ﬂmﬁﬁmﬁd:ﬁﬁ@'gfﬁﬁ iodine depolorises ?
the cathodo and a current bagins o flow in the oireuit. This *
eurrent is amplified and trigzers a relay whon it reaches a ;
st valus, The solution then gote discerded entomaticelly

and a4 frogh solubion is infected into the reasction chamber

and the above procese ls repsated. The volume of sly nocossapy

tm pass “Ehrough the solution %o croate a cuprent, sufficient
o trigger the rai&y is maasured hy the mamber of pump gtﬂmk@ﬁ. g
The flow of air for sach stroke of the pump ig lnown., From :
thia thoe smount of osgong poy unlt volume of adr | e caleuwlatoed,

JWLnrbonay and A.V@mmylv bullt an apparatog usimg

the same prineiple ss Regenor. Ia this devics, the reaction

Iy



bowl 15 washad oub after esch mmmﬂammﬁ‘ This vremoves She
truoes of Lodine and ather products.

Kva Hngland, AJd.Brawver, B.H.Key and Dobgon G843
developed a chemicsl "radio sonde® which cna bo esarried in
alr eraft for measuring tho agono amount ab different lovols.

The squipment aonsista of bwo parts § (1) the Kev
mummm transmibter and (2) the ozone element with the
deteator. This equipmont ls kept in & Dowar flaslk and 4o
empriod in balloon or alr orafb. iy

In a’later compeat version of the instrument developad
by Brower*?, the slestrodes are parsllel wirgs wound round an
insuloting tube and the KI solution is allowed o drop on the
tube at the rate of one drop per minute, o that & steady
supply of XI is obtalned, The tube with its sleatrodes is
kapt insdde an oubsr anclosure and sir is allowsd to pags over
Hhe w:l.mﬁ tubs at a steady rate mﬂ lot emt: through an outlet,
By immmm@ the length of the mm brodes and reducing the
gap botvoan thomy the evaporation of free iodine eauld ho
reduced to a mﬂ.mmamn The electrolysis is carried oub by
ﬁxwm.yimg a voltage of QW tio 08 volt botwesn the electrodes .
The small current that has develéped doponds on the fres indine |
prosent ia the solubtlon and is amplified by s btransisboy

v
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anplifior and put on the radiowgonde. Niﬁh_@g of the order of
04002 om/kn the eurrent wos sbout Ze3 ad and this could be
magnified to L00 MA by the use of the amplifier, The accurnsy
of the instrument wes good, the estimated error being about

R %. 1t con moasure guncontrations of ogone of mnﬁ.mam$ in
10% in about 20 seconds . During the IGY the ﬂvaw@é azone
4@qu1§m@mt haﬂ beon used in Bnglandy ab Mﬁlﬁ& and at Halley
Bay in the Aatoretica to messurs ozone upto a helght of about
20 Kme |

In an alternative method, Brever and Milford®0 used
an enode of silver or moroury Yo prevent the refomed iodine
Trom clirvaulabing . Silver iodide or mﬁraury iodide .o formed
at the anode whigh 15 eo insoluble that til effectively
remove: the reforned lodine from solutdon,

Vo lRogener®™ has receatly developed o new method
for the gudak ﬁau@rminaﬁ&@m of ozono in on iﬂatrumanﬁ whiah
gan be carried in &amnﬁing balloons «

Adr is ssplreted from outside and is made to flow
over & dise on which there is a thia layer of o chemi-luminescent
organia aubmtmnma "luminol® « When ozonlsed alr msses over i,
the dise emits light whose intensity Ls proportionsl to the
sonoenbtration ﬁf agong in the air. This light can be mo nsured
indirestly with a photo-multiplior. In R&g@ﬂ&ﬁ'@zinﬁﬁrum@ntg
the outpit of the photosmultiplier was of the srder of 0.8 MA
at o potentisl differonce of 110 volts betwean dynodes, when

Iv
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alr a@ﬂtaimiﬂg_ﬁﬁ g of ﬁalyav Ge0, wWas drawn past the
dise abt bthe rabe of 500 a.aﬁlmin; Usinz o small aleotrometer
tube as asplifier, the output from 1t wes used to control
the mdlo fregquency of a blecking m#&illamnr, and this audio
signel modulated the standard U.8.. Yanbhey ﬁuwa&@ rodio-

sonde transmitter.

Ragener's instrument showed & considereble smount of
aa%aii‘ia the verdiaal digtribution of aaunaaéwaar the
tropopaas, the ozone density showed p definite more or loss

sharp rise and the meximua in the stratosphers was quite clear.

The origindl spectrazraphle method of detormining

ozone in tho ntmosphere due to . and V.H.Rezener?@s33 hus
boon used with modified instruments by Regener™® in New Mexico
and by Pastzold 03264 F 1o gormany.

A 1ight welght quortz spectrograph 1 used end successive
QX pasures of the ultrewviolet ond of the solar spectrum ore
made at reguler intervels during the fllght with the spectyrograph
aontinuously ﬁzwéateﬂ at & quarts surface covered with magnosiug
éx&&@, and mounted below the verbtical eollimator tubs. From
th@ slops of the intensity of the wlbraeviolet end of the golar

spectrum and the knowa cosfficlonts of absorpbion of ozonay

v
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the thicknass of atmos g::hmrsﬁé: azone bebtwooen the apoctrosraph
snd the sun could ba made at dAfferent heights.

in Peotwsld's £lights in Germony, the spectrograph

was mode robust aseding no readjustment even after rough
landings . The o poatrogreaphs woare also standardised « The optiows,
the barograph and the thermograph were fitted in a closed metel
coses. A magneslium oxide plabe irradisted by the sun served as
the sohurce of light. & ring diephrapgn was used o reduce bhe
seattered light of the sky. The holght of the balloon equipment
ves determined by the barometer and also by & bheodolita,

in‘ai;ml traddo=aonde ' mothods e

Preteold and his coeworkers®$29 in velssenen and
Madema Vessy m Paris have developsd optiesd 0zONG sondes which
have beon axmmx.mw uased in meny pards of ﬁh@ vorld. In
Paatenld's instrument, filtors transmitting ih the ultraviolet
reglon sﬁptmmm at 3100 B and in the blue at 3700 R ave used.
A selenjum phobtosloment is used for the m@&aumm@m of
intonslty. Above the photoslement, thers :S.s 5) Mllw prarta
sphare, the inside of which is coverad with & msaxgmsa-mm oxide
layar, to-vender the illumination of the qell independent of
the sun's :mg;&é of insidencs. The pkmtmuwenm are amplified
by a theoo stage amplifior and their mmmﬁ.m@a w?ei tmmmz.%ar&
o the roceliving ground stabion ﬁ.mmamtmﬁ L 'gﬁai‘%ﬂ,mm of
Bhe naedle of an omaebter over a mm‘tﬁmﬁ Morge oylinder,

The light £alling on the mmtmmmén‘b ia perlodically

1w
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sxtinpulshed by n rotating aisl at o fraguenay of 30 sae™d,
Phobosirrents ave amplified 10% times by the thres stage RO
Ampﬁ.‘fﬂ.%. Poy «shmskim,g the amplifier g z:iirw{: volbage fmpulse
(600 see*}) 1s amplified at tha same timo. The filters ave
moundod sn a dise which robabes and elnses sbep ‘téy step the
~ gleetrie elrouits required for bthe varions measuraments.,

The sszone amount is obbslned eg a funotion of the
zgm*&iiair& ‘witravislet/blua lights The se qmmé& oft the aubtomatie

megsuremants of the sonde 38 1

(L) Intonsity of ulbraviolet light influenced by ozons,
(¢23) Intensity of blue light not Influenced by ozone,
{3y  Prosaure, o

{4) Conbrol ve::;t. tage for checlking the emplifier and

(3) ‘ %}mmmwé ® |

ks one eyele lasls 20 sea, 'az&%mﬁ m#amramant& talco
plase every 200 metors. The sonde walghs 4 Kg end reaches an
altitude of 29 Lo 30 Km with a 2 Kg neoprens balloon. Balloon
speents with the Pawbeoid instruments have shown s
(L) the merddional variation of ozone,
() ~~anagogal fluetuations of the ozone eontent st various
helghts “and |

£3) o sumper morimm sbove 30 Kne

Spaabrographs carrled in Vo rookets haye heen used

Iv
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in U he bo detormine the %arﬁicmﬁ'ﬁiatriﬁuﬁian~nf ngone ab
8611l higher levele, A series of solar ultraviclet Bpeatyra
vare phobozraphed by &,3.Johnson of 1903k naar sunsat from
o speatrographs carried in rockets fired at w.w:ex Boyis o
There have been o oumbor of successful sscents since 1946.

A5 the rocket sscends the amsunt of ozone above 4t
decressos and the spootrs extend towerds shorber wavelengbhs .
The amount of ozons ahove the apectrograph id determined by
gcomporing each spsobtrum with a spectrum obtalned when the
rocket is ebove the level of detectable ozono.

The. comparisons of the spectrs are made by photographie
photonetry. ?%ﬂ date are mbﬁainaﬁ vith a low sun so a8 o
incresse the opticsl path through ozone. The ozone distribubion
ourves sbteined by rooket firings support the curves obbtained
by Gotp, Heothom and Dobson®? and by Kerandikay and RemanathanS3

, Jd : ‘
by the unkehr method, for the same amount of ozone . However,

the distribution oblained on the same day by the umkehr method

and by the rookeb borne speatrographs showed some dissgreomant

in the holght of maximum aenﬂ@&br&ﬁimn, This 43 now known Lo be
dua to the neglect of second érdmr and higher ordor of scattering
in the odloulation of osone distributinon from umkehr observations .
The obgerved surwes have algo beon compared with the curves
caloulated photochemloally by GratgSé (1950), by Bates sud
ieolet?S and by Johnson et al.
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 Bach of the methods wsed for determining bthe vertical
distribution of ogone in the atmosphere has lts owa advanbages
and disadvantages . A spectrograph carvied in a rotket is the
only satisfactory method avallable for d.m:amimﬂg the ozone
“ab the highost leovels of the atmouphéres The balloon method is
ugoful for lavels up to 35 Km. The chemical method sllows
mossurchents of the details of osone distribution in the
‘&m;m phare and lower stratosphere with fair acourasy. Both
+the ohomical and optlesl ozono«sondo methods have a promising
future for synoptic studles of ozone distribution in the
vertieal over a large 800D

The &nfmwrgm mathod apponys prowising bub nm%cié
‘i”umm:r work. Most ;::ai‘ the exis ting knowledge of the dis %;r:&.mﬁim
| of ozone in the uppsr troposphers end sswatmsﬁ:mm at different
1&%&1%&% has aome from the Gotg Umkehr method. The G0tz method
iz simple and inexpensive wnd many mepsurements aen easily bho
obtalned provided abmospherie conditions.gre Cavoursble. |
Uneortainties in the coleulation of the dia iﬁzﬁhu’t:ﬂ.«:sﬂ from the
nbaaz'v:mimm are boing overceome, bub the method is rather
d.rmansitﬂ.\r@ 8 e}mxgm in ozone enmmm;rzmim in thoe lower

alimos phoro «

For synophle prposes, the chomiesl or éamwm

ozonewsonde method is likely to prove the mont valuable. They
gan be used in all kinds of weather.

v
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The noxt ehapher deals with bhe distribution of

ozone over the earth from measurements msde during LOYwIOC.
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Introdusblions
Raglonel d4gleroncog »

Seasonal my! Iatitudingl veristion of tobsl
smiount of ozon over the oarbh.

Polop warplog and macodnted ssong ohaneos .



The ozong observations mede during L0100 pariod at
shout 30 stations in the northern hemisphere an&'ah a Pov siations
in the southern hamlaphore were oollected together and examined
to atudy the geographie dlstribution of ozone over the earth.

N

Congpiousus departures from regular latitudined
veriation of ogone were obsorved. Sudden changes in ozone
amounts observed in winﬁ@r in high latitwdes shortly befors
or a?ﬁar the and of The polar night ave briag;y discusnad with
reforence o the sudden stratosphoric warmings of bthe polor
and subepolar abmosphers, |

g* » v BN

wﬁéﬁéﬁm@ firet gave n disgron of ozons dlstribution

with latitode from his worldwiddo gurvay of ozong obmervabions
He established that the mean osone amount generslly incronses |
with latitude at leost upto 68°N. (ot in 1944 mede a significant
romark that the distribubion of ozong was not entirvely

letitudinal but also depended oa the geographlienl situation of
 the placa.
K
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Some ozons obsorvabions made oven bofove the IGY period
brought out some gonapicuous oxamples showiny thatb the mean
szone amount ab o stabion was not o function of latitude slone,

#4,¢ v4 Toprosents the monthly mean ozone tmounts during
the IGY-IGC poriod at Mareus Island (247N) in Japsn and ab
MiAbU (2470) in India. Bobth ave at bthe same lobitude but the
azone values ab Moveus Islaend arve much leovger than those ab
M oAbus ’

The ozone veluss ab Aavtms (56°H) are significently
higher than bhose at Bakdelomuir (35°%), eventhough both are
approximately at the seme latitudes 1n Surope. The ogone values
at Tatono (3620) in Japsn wep found o be very large compered
&n those at Srinagar (34°N) in India,

-~ - -

The same onomely was ohsarved by Kxﬁ%ﬁami, Angreji
and Remanathan® in asgse of Tatens and Srinaged. They sugges tod
that the sold Siberien anticyclones with their perlodic eold
waves tended %o ineresse the ozom amwziﬁzs aver Tateno and the
Iadian summer mongoon and the Himaloyes likewise exerted a atrong
depressing influence on the ozone smounts south of the Himalayes.

A MM:i&!bifw Taland in ﬁm Pacifie shbws lapger amounts of
ozong than Mt.Abu. This con mlsn be oxplained on thoe game Hosis.
Besides, one con axpoet dowaward motion ovor the cocler sea,
and winds in the uppar troposphero ani lower stratosphere at
Mareus Island would hove a component from the north. On both
gounts y lorgor values of ogone may be expoeboed.

v |
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High values of opone ah Aarhus than ab Bakdalonulr
argyno doubty due %o regional differcncos, But the cause for this |
large diffevence: in omone amounts roguires further. investigations :
in a synoptie way of e -vwizimﬂ distribution of ozone al |
different altitudas, of mixing ratio of m,r.azma/air"i‘ pad off the
general elroulation. ’ _ ;

Fig 2 vopresents the mean monthly ozone smounis ab a I
fow soleatod stations at difforent latiltudes. They ave Tromse(70°: )!
Lerwiok (60°%), Aorhme (5690), Eehdslemuly (56°%), oxford (62%%) |
ond Aross (A799) in Burops and Tatens (3691, émmgsw (34%0) , «
Delhd (237,51) s Abu (249.610), Maoreus Islant (249,310 and }}

Kodallkanal (L0°N) in Asie,

It has already been mentionad that the Fapansse
siabion Tateno ahows markedly hisghor valvoes then Srinegay
partiaularly in the perdod Marah o June, a;}_,t:hfmgh the latitude
of Tatenn diffaers fvom that of Srinagar by only 2%, The mean
ozene amounts at Asrhuz are significontly higher than those
at Bakdelomuir in the months of Januory-Mey. In generaly in
the 5ome mﬁm gongy the omone amounbs :m winber ond syring
are larger on the esstera side of the Horth Amerdeen and
Eﬁw@mm eonblnonts than on the westers sida.

We con form s uzeful pleture of the latitudinal
distribution of tobnl ozong over tho sarth.

v




Fhiged raprosonba %hé avoraze voriation of total oszone
amount with month ead latitude. The isophlets give the total
ozone in L0™9 om 59P on Vigrowe seale. The diagren is baged on B
tho ogone daba of sbout 35 sbations from bobh the homispheres
eollected during I0Y and 100 pqriods.

In winter and spring, the total omone is minlmum at
%am aguabor and maximum at very high latitudes.

it will be mtimm that on the average Janumynx?‘abmmr |
 pepresents the period of the grastest rangs of change of btobal
~ ozone 11 high latitudes of tm northern hemisphere. In the
,amﬁh@m hemis phere, thers appaaz* tuo distinet zones of morimum
ozona, ong in spring neer the latitude of M&xaquarm 1sland
(5&“.83) and snother in early summer in the mmmma. The two
mexime marge into one ln the northarn mmis gmera.

In enrly s ;xrizxgg Bhe ma&mﬁ of ozong in the northern
nomisphere increnses rapldly with 1atitude at 239 to 40° and
again nosr about 65°¥. In the southern howis phere spring, on
the other hand, Sha meximum 1g Pound ab about 50% snd there
ia a-:; dacrense of owons at high Jatitudes . ‘

'ii’s.g A ghows the ozono verdetlon ab tvin mmm in
the two hemisphores, one at Halley Bay (75%) ond the other
st Resolute mfm) » The delay in the time of onset of orons
ineresse in t:m sowthern hemisphere aftor the and of the polar
wintey mist have assoclabed with 1t a significent di‘:i’ammm
in the lowar shratospheric eirculations in the two homis phoros «

v o g
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' @m DEONS mmx&ﬁm a't?% vory high northern latitudes
aro ﬁ‘mm 4o incrosse very rapldly in ths months of Junmagry
and Fezbmwrg, compared to Mhexﬁ moderately high and low
latitudes s These lnereases am vory lurge and abrupb. Such
shanges were found at Trousd, & fow yoars ogo mc‘é thay vere
s poctod bo be due ?m insufficient sovuracy of nepsurements
of omons amounbe during the polar night, But aftorwards, 1t
wus found that large increuse of ozone noar sboub the end of
- bhe ‘podar nlght ab Tromsh was gonuine, and wes connected with
the bz?i%s}i up of the polar stratesphorie vortsx, This phencmenan
| was Msmwem& hy Seharheg from abﬂswammw in. mm&a,e Latdtndes
] M@ly ag LE52. .

FAg <5 ropresents the polaw aﬁmﬁm }Whﬁ—?}”ﬁ %:awmim and
pagoclated ozons :mmgm in both Mmis gharaszs" Dadly ozone
values ab Halley Bay (7598) and upper alr ﬁemwmﬁurw m
sentigrade (Loeday average) ab 20 mby 50 wb end 150 mb over
Soutn pole (90%8) sre plobted. Similar plot is made of daily
ozone velues at Tromsd (ﬁﬁ‘%”ml} and upper alr tampasmmms ot
0 m‘é; 50 mb and 100 md over the drifting Ieo stabtion mm

«««««

Thea
N

The sretio nwd Antarotic curves wre dis placed by six
months 8o as o bring the same seasons together. Verticul lines
are deawvn o indicste poriod of sbheence of sun.  \

v
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ie*mm the figure, Lt will bo seen mat ghrong ﬁ@mp@t‘@h\mﬁ?
jneresses at 20 mby 30 mb and 50 mb at the South pole wero
shaerved only aftor the am"a "poturn in Ostober. The opone
amounts at Halley Bay also showed rm:m ineressaes Lrom 9.390 o
to about 0430 on during the ﬁm‘iﬁ poriod o

In the gese of Lece mmm Alpha, the marked temperature
rige at 10 mby 50 mb and 150 mb book placo before the reburns
of the sun. The Mmp@r&mma inoressed upbo about ”30%. at 30 lm
in the first vael t:»f Februarys The ozone vaiu@s at Tromso shot
up i‘mm 0.300 om o 0,500 em during that perlod.

/
\ Mg o glves amts&wr gxomple of oaxm.wiva s tratos pherle
warning md asanolobed opone @hangw o I Plg oGy ‘Gadly velues of
total osone and hemp@mmwa at 10»i8 mh .‘Lweﬂ avey. Rwiss avik
for the priod xmwyuﬁ*abmwy 19538 are -pluwa&* Tha ozone
amounts sborted mesmmmza from 29nd Januery 3.%*3 and bocans
maximam (300 DWe o 550 D) on 89th mmary 1988 which
furtheyr foll to aboul a50 U0, on 5th February 1098, It agaln
Ma&*h@d :Lzmmasmg and became meximum (600 D .23.) on about 1oth
Femmwy 1058, 1t Lhen deareased and recovered . its norusl
velue. The temperaturs at 10«15 mb lovel wlso showmd similay _
trends durdng that period, On 82nd Jamuary 1‘”«3‘%‘&3, the temperature
ves about «70°C and then 1t shot up. Unfortum tely temperature |
dma ufmmng R3th Jamiary L9803 w M}th Pebruaary 1953 wvore mm

. wm:mmaa . But the temparatures at 10-15 mb lovel on Loth -
Fobruasy 1053 was found to be sboub »30°%C. This suggests that
the temporatures also shot up from about ~?0% to «30% Auring
that pardod. |

i

v
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?ﬁ&% rapdd imereaaé’in the tobtal ozone eonteat of the
abmos phere in high and middle latitudes in the second half of
winter ma garly spriag cannot be dug to &sz'm ixixésmaw in
produation rated, because the largest inoresse bakes place in
mgimﬁ vhore there iz little Pmmnpmﬂuﬂmg radiation. A8
polnted out many years ago by Ditsch®, the phenomenon requires
& northward transport of ozons at osone aveating levels from
middles Yo high 3«&%%&3&@& and & downward Srangport ab the
higher latitudes. 1% '\amuw be smphasised that over pegions of
- polar aighty ozons can be ascumulabed in excess of the aroun be
gorpes ponddng to photowchomical squilibrium st the same lovels
in| tho sunlit psrt of the atmosphere owlag to the absence of
dewozonlaing radiations . , | Y |

A large soale miving sdhome between middle and high
Mmmdéza at lovels above 25«30 km in @m@h‘ air ogonlsed %o
its equilibrium velue in middle labitudes flpws northwerd into
the dark atmosphero, mnd in its place undereozonised alr from
ghe polar night rogion flows into the sunlit area aoupled with
a gradusl sinking of bthe ale in higher latitudes can explain
the rise of ozone vi-..a late winter and spring. The smplitude of
the meridional eacillation and tha rate ax:' sinking have imwvar
4o be sufficiently lerge. Whon large mml.@ < sinkings of m.r
associated with sudden stratospherie warmings Yeke ﬁ;&ﬁﬁg\ wia
Hay —'@cp@u% shnormelly hish ogony amounts in the middle
stratosphere over polar regions end also large risen of ozmones

Uppor air observations in the Aretic and Antarotic



hof'ore and m;rm;g the IGY ,mﬁw demonstrated the oxistense of
eold mmm;@mw lows near the poles durding winbter with

rings of oiveumpolar sirong winds, This anne of atrong winds
has probobly a much larger amplitude in the northern hemis gmw
than &n tho southern, due, no floubt o the distributien of
continents ond oosans s The voﬁﬁaﬁ broakts down earlier in the
Arcblias These bresk=dovns ave associated with explosive ;‘
w&miaga of the mmwaph@m ardd the warming extends m*am‘
nbove downwards .

(
de . Dobaon GMeBey Harrison Q'.iﬁh & i‘mfmm;é T ey Proc.Roy.
GoGey Aldy SRL (l%ﬁ') . -
2, Q6B FolaPey Vinohe qaturt (es JZurdch, 89, 950264
(Rof Jin Gotz's article compondium of metaorology,
1m1)  (Lad),
Ba Kulkoernk Relfey Angreji P, & Romenathan KRy
Meteorology and Geophy., Tokyo, Japang V.30, Ho o2y
pe85 (1959) s | | |
4. Huexler Hey Qe RoyMat.Soce, 85, 106 (L969).
S Romanathan Koy Sympogium on Atnmos pherig Gmms m
) Holsgnld of LUl e » Inb.Ass Mot, (20607«
Be Dutseh Hd,y Symposium on Atwmosphorda Ozone, Home

hosombily of L0 .Gue » Inb.ooe Mot. (1L064) »
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e As the sun goog dows helow the horizon, khe lower
port of the earth's a%mm phere comes sucuessively inbo the
shadow of the eorth while the sipper pard mnm.ma‘ to b
directly illuminated. With the dsoronse in the freebion of the
atmos phare 11luminated by the direst rays of the sung the
mzt;%ﬁﬂﬁiﬁg of 1ight by the molsonles and obther psrticles

LY 4e0raEses » \‘mg perdod

eomposing the abmosphere, gradusll
of ﬁ.aemaaim‘g' slcy brightness from sunged o aight end the
aa&rrg@mﬁiim mrﬁ,@:&. of inoressing beighiness from night o
ssmsr&#a, known respectively as evening wnighﬁ and morning |
twilight, are of great mt@mﬁ o ;sh;fsmissm from tm mﬂ.m
of view of studying the gmyﬁmss of the abmospherd,

The perdod of twllight iz some zshat: wbiﬁmmly divided
by astronomers into three parts; viz. (1) Givd) Tullight «
axtonding from the time when the centre of the mn*ss dise ig
aﬁmf below horizon %o the tiue when bhe mmtw of the sua's
ddge. 19 6° below hord gong (2) Neubigel Iwilisht - mc%:mmm
from the time whan the sentre of the gun is t‘i"“" balow hord gon
to the timo when the confire of tha sun 1s 127 holow horizon,

ight « the tlme interval when th




s | %
gun's da;wmsim 4 120 tea mﬂ balow mrimn. Hight awimmm
ave ssoumed to set in when the suats ﬁmmmﬁm iz shove 187,

5.  teglecting the effect of dust ami olowd, the intonsity
of {llumination of the senith sky during tvilight is made up

of (1) primery sosttering along! the verticsl by the molecules
in those layers of the atmospheirs wm:zh ara diveolly illuminated |
by the sun's rays, () secondary and wﬁ.ﬁixﬁ.% smﬁtwmg by the
moleculos in the wmmw leyors of the abmosphora, (3)
rediation from muleculss or atoms in tha uppar atnosphere which
neve been ralaad %o an axolied state by absorptlon of solar
mmmm or by gollisions with londsed or exolted mmlmmla&
m& (4) soatbering by large particles of ‘ammw w:iaﬁ, and extroe
tarvostrlal origln.

In aﬂﬁiﬁim to the 1&3 of intensity due \%iéa m&am&w
seattorings the intensity of the light from the aky ﬁmﬁ‘mm
atbenuation in the lower atmosphere dus to stborption by waters
mmw and lnse, aﬁﬁﬁwvﬁa% by :Lm*ga gwmamg and by omone in
the upper abtmos phaw.

= . Tho brighiness of %m #ky durdng twilight has been

the gubjeet M.‘ investization by many w@rﬁmm and m@emnmmaw
of the mmmmr of the twillight sky in the eenith and La
¢afforent parta of the sky hay: boon made with vigual" pm‘f;mwm

il wwh phobpelealiric :mmmmiawa ﬁwmg tha intervel whm the
gun Lo O° to 207 balow the hordzon. ' -

A good sumaary of the worl done previous o 1593 has
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bosn given by P, Grumer: in his article on "iouesto
Drmerungs Copsoinnzen® in Brgebrisse der Eoomisschen Physik 11L.

M ,amsﬁmmw% w{ém the brightness of @:m twilight
sky ot the zenith with o visual photemster using both green (VGy)
(sohott and Genoasen) and red 7&2?&'3 (rptton) filbers, first

‘8t Sombay mnd bhen st Poonn gl wb Ht.Sinhaged .

An exsellont summery of all the lmportant previous
obhasryatlions in '&iw #ie)d topabher with a full agoount of the
puthor's ows vork has been given by Arvid Ljunghell® in hie
ﬁmgswmﬁwa an "ihe intensity of twilight and i%s connection
with the density of the mtmosphere®, -

Ljunghall ﬁﬂ&%& a8 IP28 phatatube in am;}jﬁmiﬁ.gn with
throo light filters transmitting wevelengths in blue, green
and red Por mossuranents of sky inbensibys From messurements
of penibh aly intensiby,he made &m‘ attenpt Gy derive the
atmos phorie densiby at differsnt levels and compared his
vagults with those of othsr workers. 3

%o Since &gwm@mﬁm pubtished hie ﬂ%m:is, there hes boon

B groab ﬁm&w%ﬁ in our koowledge of the w;;w stnoo phere from

| a ramber of souraus euch ss radlowsondas porried An ki balloons
el rmmw, from messurements of gound propagation. »md from
the stuly of the emission of light from the sky durdng ummnm
The Physionl Regeareh Loboratory, shmodobad, has been engeged
an & programse of work luvolving the corralation of dute
relating to the upper stmoppherd: from vardous sources. ’x.‘im



ahudy of brighﬁamss of! ?sh@ atmﬂ phera during twilizht hos boen
oo of the linws of work, .7 Dave® made extensive measurenents
of tho aky brightness ab zenith during twilight ab MbeAbu, an
part of Lhis programne in 1951, He dtudied the variation of
the iﬂh@nﬁiﬁyfanﬁ polardsntion ﬁf'ﬁhﬁ light from the twlllghs
sky in defined regions of the apoabrune

. aDave waed an ROk 24l A phobtomultiplier in
gonjungtion with f&lwm trampmibiing wavelengths in different
‘smetml raglong from the wltraevinlet to red. He uaaﬁ 3
%saimmm vhieh oovered & sipoular £i01d of sky of 9° diametor.
Heo mwmw his obseprvebione from t’m time of sunesed to aboub

200 gun's deprsssion below horizon, ond mamrdazl the readings
of the amplified photowourrent I sk intervals f:af 1/2 o minute.
Ho plotted the intensity I (in arbitrery uaits) of the walth
sky during twilight in defined spactral veg fmﬁ agoinst the
mm'ﬁ deprossion 8, balow horizon. ,:

e the followins 1s a summary of the important resulbs
of Dave's obsorvations of 1 sgainst &t

{y  There Lo ﬁ ehengo in the slope of the curves when
the sua'’s depression is 89 balow hordzone It 1o more
prongunoed in the ul tmwvmiat aad violet and bmomma
x:m&,rwmmmly 1688 wuapﬁ.aum as ong ﬁwa ﬁﬂﬁ#ﬁ'ﬁ&%

the red .

() The intengltles ln the green, ymzw and red
regions flotton out ab La’*” to 149, while in the violot
and blue, the flattenlag ocours ot aboub 167

§
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| (3) ﬂxn tha green aﬁﬂ»tha rad and perhaps also in the
yaliﬁw'in ganlthescattored 1ight, there are indications

. of an sddibional deorease in the rate of £all of
inbonsity with inorassing depression at aboutb 1%,
This mam that _ﬁéwm y’m&. somn adddtions %o brightnoss
which are of the some order of magnitude as The
saabbered light from the sun's reys at these angles.

Polorisation mosguroments were elgo made ayﬂrfanawa
on 5 number of clesr days both morning and evening in & wide
spectral bamd 40005700 ﬁ and also in the speotral region

e&zage;snmaa Re |

| The percentage polerisatlon of the zenith saabiered
14ght vas csleulsbed from the tws components I, amd I,
asgording to the equation | :

200 (Iy = Iyl 'y

P9 ewsnrmiinmmapmmmirtsamon s

(Ty + Ip)

Tho following interesting resulis were obtalned fe

.y For small depressimms of the suny the observed valuos
of tha polarisation were smaller then those that night
- be expseted from primary soattoring by sir molecules

= #long «

(2) Thepe was o further pronounced £all in polsvlsation
botween 578 and 80.5 deprasaion. \



(&) The ;s;%;:smm ation vomained more or less stesdy at o
value of 45 % to 50 ¢ between 3% and 189 of the
Cpun's depression and, then ﬁmmmmé. m;aié}_:'h

Mo psurenonts of 1: wmmmm and m&w@ ation z:af a?:zy
1ight ware slgo made in the &am&gm meridian at an wngle of a&*
on either side of the zenlth, wiing the blue £ilter for the

moasurenents «

it vas found mm the aﬁangaﬁ in the ml&ars.amﬁ,m
ware sharper on tha sun side than on She antiesun sida, T

/ fhe wsusl twilight scattering theory mssumes ‘mat
the \maﬂm‘mg of sky light is caused only by alr molecules .
Theve ors howover larger parbicles of dust '«mm’;‘- srg prasent
in the abmospheve which cause some additional brightness in
the btwilight slty. | ‘

Particlos of linesr dimensions much fawgw than the
wavaslength of light seatter light wmuch more in the forwerd
direction and Lt may be expected that the intonsity of the
twilizht glow will depend on the slsoy nature and fimwimﬁim
of dust and water particles present in the atmosphere, The
Anst will slso reduce the intonsity of the incident primery. .
ngm mztm\aimﬁim, the uppar olmosphore. ﬂmsmm a more or
1ess permanent heze layer decrsasing in intonulity from m@
groand uwam, ﬁm:m may &ﬂm ha athor layers ab higher wwm.
Phe discontinuidbties in zgl(wa nhservad in the intensity mmrw

of wmm-m»*y twilipght wight be the :affmﬁ of guceh dust '!.amvm «

I | ‘_ - |



B ﬁwﬁﬁﬁiggﬁsﬁﬂiﬂ mstralin carrdod out soms moasurements
to dotagt the y&a@ﬁnﬂ@ of dust layers in the upper ntnosphopys
by studylng the intensity of the aky durlng twilight with e
phntosaleatrie photometer with s small aperture. He carried out
mensuranenty of the xﬁ&aﬂaiﬁy affﬁn@ tuilight sky at a distance
of 70° from the zenith for goLar ﬁlwmm 0% to about 14°
helow the h@?&ﬁﬁq, and plobtted values of 1/I(AX/d6) mg&inaﬁ by
vhara h is the lowest height in the atmaayhﬁra whish tha divact
aun*s rays illuminote vhon Bhe aky is sheayead in the pavtloular
ﬁirﬁa shone o ﬁﬁé%&ﬁﬂ that the lowsst h@ighﬁ awrﬂeﬁpﬁﬁﬁﬁa b
TEys gwaziﬁg the esrth's surfase, Refractlon through the @mrﬁh*ﬁ
a&&aﬁpﬁare wag allowed fars

Blagg wwnﬁﬁwuatﬁﬁ & tologcops wibth a 1a$%m watorfilled
pors poxelons which hed o fiold of view of gbous 19 dismeter .
The light gathered by the Lelescope was chopped abt 850 ayolog/aec
and then mode o fﬁ&l on an Raaaggga gnaéémulﬁiﬁaiar provided |
vith 1ight £ilters Sransmitting vave-longths in the rungo 6200=
8000 %, An suxilisvy losd sulphide photocell msesured light
in the roglon 10,000 %o 30,000 8.

q Tha amyaafimax&mu of the current from the yﬁ%ﬁum&&ﬁip&iﬂr
eould bo sdjusted, The illumination I falling on the photoe
multiplior eould alss be regulated. by suibtoble atops, The
amplifier gainecontrol was adjusted ln such o way as to keop
the mabput volbage within a defined smoll range from 6.9 to
7.0 volts . A volbmeber having » full scale deflsction of 0.1 volt

3‘: .



was placed bﬂﬁwfmm his varying cubpob and the stoeady notentiel |
ol 7.0 wolis,. The remdings and time congblituted the raw dotae

| Blgs @&#ﬁ%ﬂ the %1;%5 af ANV (ﬁ?ftﬁiﬁ) whieh were equal
¥ 3/1(a5/9%) wzainst hy whare b is sarthts g@mﬁ%wimﬁ, shad ow
%migm, Refraation of the sun's'graging ray wes alloved for.
Bige oonsideved that vhen we use lsng waveelengbhs and 11@'}1@
is sosttered ab o small sagle to the ineddent beam, there woudd
be observable inmmwy of light even in the direction of m r
ray grasing the earth's surfaco. 1t vas expoctd that there
world be @ discontinusus jump in intensity when the lower |
hmsggﬁm*y of the 11lumineted pordion of the almosphere orosses
an aerossl Loyer followed by o slow contimuous chango above.
The change feom olesr aly Yo heay aly will c;ﬁw:&fzmiy aontribute
far more bto the rate of ohenge of intensity &haa the vas*imzim
dua Lo t:m slowly changing @nmmiw in o clear atmos phore .,
Blgs observed in n direction melting 70° with fhe gorith and
ook the oaloulated helght of the grazing rey ab & discontinal by
';m' rabe of change of mﬁwm&iw o correspond to the true height
of the seabtoring iwaw « This ssounpbion is qwa&mmma%am, -
woosase the extinetion of the groasing rw will not be
negligivle and some correotlon 4 h wiil heve to be made m::
the lovest height in ovdey fo get the affaatlve mwm: of *ma
aszmtagmmg :z‘rawms " .

Bigr aleo took similboneous meesurenents of ﬁw&l&gm
intensity in the seme directiony with s light £ilter trmmmﬁ.—m

13

wovaslengbhs in the range 10,000+30,000 R and a seleaiun
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photocells ﬁ@nﬂi#&?@ Bo 1ﬂf¥ﬁr@§A?$giQﬁﬁ He eonsluded theb

the use of laag@r waveslangth produged shaf§mv'&im&¢ﬂﬂ$ﬁﬁiti$a
in the eurve, buk that the height of the dlsaontinuity wes
unehanged «

Bige concluded from the Jtuﬂy af his curves thab
there was dust aceumilation at sbout 15+20 km hedght and slso
at 80 km. He slso correlated low lovel temperature inversions
taken from radlo-aonde ﬁ&ﬁa ad moxima Dn‘ﬁh@'ﬁﬁilighﬁviﬂ%ﬁﬁﬁit?
surves of 1L/I{31/d4%) uinat hy and goncluded that inversisns
were detectable Shough it could not be sscertalned whether bthe
ﬁiﬁ&@ﬁﬁ&ﬂﬁiﬁi@ﬁ represented the &émnﬁaxiaa hatwsen reglons of
éiffm%aat'duaﬁ gontent or rag&ﬂ ahaﬁaaﬁ in ﬁﬁmaﬁghay&a denslby .

74 Magrelishviys® (1o58) studied the mmmfmw on
“bis bullight oupves of 1/I(d1/dh) sgalnst hge He sssumed that
dus to exbtinchion of graping rays dnra%ﬁ snnsaﬁ, tha lesat
height necessible so investigabion would be abodt 80 me 80
that the offective heipht of the seattering layers would be

B+ 20 ¥m. This dooms to be an nveraestimate . The corroetion bto
h o bo applied wﬁ&i‘ﬁmﬁévﬁmyaﬂﬁ on (8) the waveelength of
14ght wsed, (b) the solid angde from which light raachos the
phokoooll aad (e) the sharpnoss of the boundaries of the serogql

S
S

Loyars « | | L

"y
—

| Far abtalning good resolving power for o given geb of
dust layers ong should uge () the longest convenient wavee
length in ordey to reduce scattering conbributlon by air and,

L
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(b) ‘¥he amallest possible bommuidth in the Lighbwgsthering
equlment in order that the pesitiosn of the disoonbind sy nay
~ be oloarly defined.

Maugrolisheill Pound fymm hie twilight curves, the
first maxdmun ab shoub 45«30 km and a seeond & about 100 Wme

~ The heights of these mexime in curves of Bigg and Magrelishvili

differ only due to the correctlon in the shadow hedipht,
Hogrolishvlll attributed the upper mutimun to fivoresaonos

for the following ressons. He mads his twilight observations
on two diffevent waveelengths, one on 2400 % and the other o
5270 R. He 444 nob £ind any discontinuitios on bhe sirves with
5270 § tub observed two mmxime on the curve with 5400 2, ons
at aboud 47 knm o sacond ab sboul 100 Yo, Te arguad that if
gmsw makine wers dug o &mt layers thay should be observeble
vith 5270 R aleo. 8o 4t may be dus to fluorescende and not due
o dust mgm*ss « Ho 4id noty howover, mmgﬁ,maiy rejaat the
posaibility of the sxistence of dust laysrs in the atmosphore.

With the hopo of detocting the presense of dush
Layors and #Mﬁ.‘z‘f day to day changes in the upper adwos phers
by the moathod of tmigm‘; s,mmmmm,, the author made wmmm
messuramonts from LO57=59 at MG WA (2478) which is o a%mﬁim
4000 I, above mw@«m. | o el

AL,

In the next chapter, the experimentel mmmfm ity
mathod of abservetion will be deseribad,

X
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Durinz the builight perdod, the 1ight rogoived from
any part af the sky is Aue ) “to dight primerily gentbbared
py molegulss illuminebed bY direct sunlight, (2) %o 1:5. shi -
sonbtarad by large parbicles also $1luminated by direet
samligm: and {3) bo m,m m&t&pw soatbered by molecules and
by lavge psrticles. foth (1) cnd (33 are likely to change
gradually, but (2) moy chonge vapldly. fmwmfam, any rapid
chenge in the latonsiby sheorved st the grouad whon the sarth's
shedow Graverses different 1ovels 4 1ikely to be due to &
discontinulby in xrewi:ﬁ,.wi! diotriation of lovge ;wrmams « Tha
problem i Yo study thls change in tuilight seattering
insbrmontelly s |

Ky

g w."i. iz a blook ﬁmgmm af the m;mimm‘ta&

- prrengement usod ab Abu for twilight obmervebions . 1% aonsio te
of @ telesespes with » ¢onverging lens (f = 30 om) Tibted ab
ang end of the écﬁimmmm wibo,. The lower and was Litted ' with
the aliding ﬁ@m&:’ af u photomul tdplier DoX. Tha gonbral pswt

Ix



of the ﬁhwmﬁa@hwe of the g;ﬁwﬁmmz};hi gaam vas at the axis of
the eollimating tube. The length of the tubs and the apertupe
window neer the photocathode are sueh that the sireular fisld
soverad by the teloscope was 12 in diameter. The teloseops was
gapable of fﬂﬁﬂlﬁ’iﬁ% Lun Mma‘zia 5 @p&rﬁ .

- A phs@%mmﬁﬁipamr ROA IPER vos usod as & light
detector in eonjunction with the telescops. Tho photomultiplien
' wes selected for very smell derk ourvent and good sensitivensss
o near red ragion, The choloe fell on IFEP bocamuse no obher
photomiltiplier sensitive to nosr rod vogion was avalleblo ab
‘t:im% time s The photomltiplicr was mounted inside an aluminium
bcm within a wooden boxs Fluetuations in pmmmm:&mw surrent
ama to temperature Dlustuations could thus be mﬁmmﬁ « Thore
Cuss provision in the amzf of the wooden box to fix a light
f11ter conbtrally on the axis of the eoliimabing bube.

A change filter ORL which hed an integrates visible
transmission of 5 % and whieh trmmmitted the speotrel range
6400 % = 7000 § wiz msed in eonfunetion with the photonultiplier.
Phe tronsmdssion ourve of the filter, the rosponse ourve of the
photamltiplier and the effective respouse of the gghai:mnamg
with tho filter are shown in Fig.2(a) .

As the adm of %.mm Worlk ves to gtudy the soeabbering
in a forwverd direction by large partdcles larger than molaoules
_ .

Iz
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14 would b besh By use the longeut posnible wave«lengths
keoping in mind the phobosultiplier response, 80 o6 o rednee
the effest of the wmoloeularly scatterad light. Secondly s the
gun goos down below the h@‘.’;“iaﬁﬁ’?mg; mul bigle wmﬁérmﬁ will be
wore prominent ia the ghoprbey w!mulmgth rogione In order to
avotd thls multiple seattering effect e much se possible, the
use of longer wave-lengths wes pmfﬂﬁa&d "

is observed by Link (1953) and others, the ratlo of
gesondary bo priwery scatbering ab about 100 km of carth |
shadow helght is much smuller for longey waveslongths than
for shorter weva-longihs »

w/P Por 5300 & = 0,23
and M/P for 0000 B = 0.08.

Flg«2 (h) shows n schematic diegram of tm ﬁwmighh
photometer thab wos uzed at Abu,

As s well lmown from the thesry of levge particle .
sapbterings there will be a great preponderance of 1;;1.;31#?5 in
the PForward diveation in light soatterad by perticles ngi;ﬁéﬁ"ém

iinsar dimenslons avre large in acmpardson with X . It is
thorefors advisabls to obzerve abt o small sagle above the
hovdzon. However, the inerepsing atbenuution of 1izght with

iz o | _ 4. s
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inersasing amm;h dlabanees has alg 5 to bo consldered in
deelding on the directlon of slmorvatdlon. The photometop
unit slong with the teleseops was mounted on a stand 8o thet
3T t@lé‘smw gould be a’iﬁ.wmm% in any divection.

‘The outpub of the phobomal tipdder was amplified by
a balanced bridge btype D.C. amplifier uhich was both sensitive
anl steble. The samiﬁ.ﬂ;ﬁy eould be changed sucessslvely by
& factor of ebout 10 ad s time, by chenging the inpub gridelesk
rosis tonces , The sealing roblos were determined af intervels
to chaek tha eonsbanay of the anmplifier, by ﬁ.mimixmﬁmg tha
photissathode of the photomultiplisr by a source of gonstant
intensity and meaguring the oubput ourrent with an AVO model 38
current mater with a range of 50 MA.

The linearity of the amplifier wes slgo checkod and
faund Lo be pgood in the range =50 to + *3{9 b Fig 3 shows
the plot of fapb grid voltage against the output ourrent of
the anplifier. Ths H.T of 150 volts for the plate volbtage of
the amplifior was Golen from a V.’ﬁ mgﬁm@ﬂ powar supplye . <
daoh dynode of the photomultiplior wos gw@éx ] mlmfwm 8
magxwmhmh tenslone highly rogulated and sbabilised gam:éi;
supply. The aireultry of the amplifior snd pover supplies are
shown In Flge

X
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The telesonps of the photomoter was direatod towards -
the sun at an angle of 707 from the menith. The Lntonsity wes
mossured st intervals of 30 sep starbiag from the time when
the centre of the sun ves 0”80 belew horizon to the tlme
when 1t was 14%=15° bolow the hovizon. The readings of the
motey were multiplisd by the rospeative scaling rablos to
bring fs‘z:a:ﬁ all bto the samo sgole. The i»ﬁtﬁmiw I and the
time """ of obseryation constibtute Lthe raw data.

From the time "%, the de p;*ésmsza of the sun @
balow Bha horigzon; op ﬁm pendth Aisbence of the sun 90° + @
goald be oloul &mﬁ o Tha Nautisal Almanao gives the Loenl
Moan bime, vhen the centre of the sum i (1) 09 50 vy (2} ﬂ"f’;
(3) 127 ond (4) 187 below the horizons for diffarent labitudes.
From the plots of the sun's depression balow horizon and the
gorrosponding timos, the sun'a depresslna for esgh time of
mbmr?iﬁ%m aould be eslovlabed, In the Appenddx the values
of AL/L ecorresponding to different velues of 8, the sun's

. ﬁ@pmmim below hordzon, are given Lor o fovw duys.

|

In the noxt chapter the rogulis of the ohsorvations
and thelr discussion will be presentod.
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1. Iatroductions

Be Primary seabbered rediations €rom loyers ab difforent
hedshta st senlih for 2 = 809,

Be The hedght of 4w buse of the Alraatly 1llaninsbed
roglon in the atmosphere fovr different dopresslons
of the sune . | -

by Compapison of valves of Antensiby with thoge of
other lovestigabors from pondth end from difforent

ports of btho akye

By Prosentation of rosollss

xy

Te Disoussione



On a clear dey when the sun ls above the horlson,
the whole atmosphore sbovs the observer is direetly 1lluminabed
by soler radiations. Whan the sun goes down below the hordzon,

the lower portion of the earth's atmosphore is gradually eul
off from the diveet solay rays, firat by hage in the lover
atmosphore and tha by the so11q earth itself, Directly
soatteved 1ight continues to come from the uppor atmosphere
for some time.

Though the portion of the sarth's atmosphere that
1lisg in the earth's shadow is outb mff’frﬂm»ﬁh@ diraegt solar
rayﬁ, 1% will be illuminabed by sceabtered lizht from moleculos
and from any largw? particles that may be present. The omount
éf aaamﬁdary and mud biply socatbered light by molesules A
deoranses rapldly with incresss in wavolength.

Az,

mﬁmw%ﬁmw.%&wwm,&m Adfferonk halahbs
' LT fmmﬂ

The primary scattered radiation from diffaront

111
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" neights above tho e:b%rvw whxa*a. the mmm diatance of the
sun is 907, heve been computed for A 4500 R and for 6600 2 b
TR paai:iwaly of the solay speotrum sscording bto bthe methed
guggasted by Ramammimm and ..Iimvah The extinetlon of primary i
soatbersd rave dus m molamuar jseattoring ' B s hag bheon
caloulated using the formila of Rayleigh and Gabanaea®,

takdng into acoount bhe deamlmimﬁim aaused by molecular
anisotropy. The valuas of B tho emmm athennstion

ooofficionts dus to soatboring by unit thickness of pure

atmosphare are 0080 exd 0,100 far rad { ) » GG0D ﬁ) and

blus (A = 4500 R) respoctivelye

Th is lnowi thab suspendsd waber and dust porticles
exist in the lower luyers of the atmouphera (garbioularly in
ow6 Km) and that they would abbenuate the grazing rays. The decimal
axtinetion coefficlents dus to these porbicles found by
Ljungha1l® from his observabions ab Holuan have been usod
far Abu, Thay arve @&Wr@ tos be independent of wavelongths .
ghe velues of extingtion by huze used ore 0.085, 0.052 and 0,02
for the layors ot leB; fed and 4.0 Kn. Above 6 Km the e&mhimmmn
due to hage is sssumed bo be noglipgible . ‘

Pig«1 raprasonts the primary agathered mdmmm
from different heights in the zenlth when the sun is on the
hﬁwfiam ory the zonith dlstenee of the sun 15 907, fxum;ca}l&?*

‘ volatos to rod light and curve«3 o blue light.

_ \
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HEIGHT IN Km
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It is seen fronm thélfignra'ﬂhat,ﬁhm memdmin
goabterad light in blue comay fyom about 15 Km ahm?a the
aarth’s surface, The level of halfnmﬁmimﬁm of the soabtered
light 43 ab about 10 Xm. Honce bha'ﬁarm@ﬂiﬁg haight for
grazing rediation for blue light in a pure atmosphere may be
~gonsidered to be sbout L0 Kma

igamining the surve for redy it g sesn thabt the
maxivam of bhe primary scabbered light comes from a holght
of shout 6 XKm above the surface of tho esrth and that litble
light comos from the first 5 Kmy Only 2 % of the maximan
saattared light comes feom near 3 Kty

The ohearvations @f twilight lntonsibty were made
at Abu looking in the dircetion of tho sun b 70% from the
ganithe S0, the primary scnbbored Latensiby saloalated for
% = 900 should bo correctod for the angle of scafitering.
The screening height for rod light is assumed o be 6 Kue

Khwos Silkov anﬂﬁ%agraliﬂhvi1£%€&$ﬁﬂ) aaloul ated
theoretically the in.anai?y of primary wamﬁhar@ﬁ light a8 a
funetion »f the height (no allowsnoce bﬂinw ‘made for rofraction
in eompubing helght) faﬁ vartggfhfaxith digtances 2 of %hﬁ Bun,
and vith aiffmwawm wavmlmngﬁhmk The direcotion of mhs%rvmﬁinn
wﬁ&ﬂ?aﬁ from senith in tho sun's meridien pleme. L% iB-seen
from thely tebles that the maximum inbonsity of soattered
1ight comes from the ray at a height of 9«14 Xm above the

aaprthls surface Lfor the reglon Gwﬁ,Q 0o AL w Nelther

IiX
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X = YERTICAL HEIGHT oF A
TANGENTIAL feiy FROM EARTHS L Km
SuRFACE. leo
VER‘T:CA?*L HEIGHT of A POINT
WHERE TARGENTIAL RAY
— OF‘
MEETS THE DIRECTION ro 150
DBSERVATIGM'W‘r\ch ;,s 7o
FRoM 2. ENITH N sUNS
ME RIDI AN PLANE,
- 40
—_
§ — Az0-5 430
¢ |
o \\\\\
~/
7 7 120
<LH
240
a5
A0
1 | . . ‘
@) O O-4 O 6 o8 1O o
' i1
Lsxfo
INTENSITY OF  SCATTERED CLiGMT FROM  LAYERS AT <

o
DIFFERENT HEIGHTS(Y) FOR DIFFERENT WAVE LENGTHS AT Z= o4
) .

h Treean

(after  WHWOSTIKOQV & MEGREL_ISH\MLI)
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attemustion of geatbtered light by waler popticlos in She
lover leyers of the atmpsphoro nor refraotion was tolken intoe

paasunt «

PhgeBe Gohematie diagram of the solar grazing roys
11lluminating the btullight sky. :

Fig.2 gives o schematlo diagran m”m sun’s
geazing rays illuminating the twilight sky. UE is the earth's
surfage. D¢ the direction of the obsorver's zonith. VQP is .
the direction of observation, which is 70° from the renith
4 sun's moridien plang. & s redius of the carith. ﬁm"_%%ﬁé:&-
ddrveetion of solar radiations. § is the depresslon of the
gontro of the sun below the horimon at the obsarver » ganithy
7(= 90740) iz the zenith distance of the sun, P is tha polnt

IXX . -



where the bangentisl Yoy to the surfoece of the earth meets

the Iine of ohservabion, and P 4s the point whore the sun's
grasing ray at p ddsbance Ah from the earth's surface meets
the lino of observalion, €' 1s the deprossion of sun's centre
below the horizon ot Py and &Y jis that ab Pg. "h" Ls the
vorticel holght of F gbove the earth's surfece and hg is that
of Pas 0 is the shadow hofght of the esrbth al the observorts
ganith for sun's depression 9, No sllowancs hes so far been

- made for vefrackion, Table 1 glves the values of h for Py

for different values of 8.

If  Ah is smell, aé"% o

st hg = h o+ i
cos '

xh+aoh

1404 the sorrection in hoight dus to extinetion of gm:ﬁing
raysy known as soreoning helght lo practioslly the some for
all waluos of &', |

Table 2 gives the veluves of O' for diffaront valuos
af & computed from Lhe geomebtricel relabion | |

{a+il) _ ,
oo G080 O = 00 & (Pig.9).
{a+h) '

If the soreoning helght Ah 1o assumed o ba 6 Mni

and an allowanee s mede for refrootion in compublng the

11z
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8%

galuss of 8, the valuss of tho hedpght here '“whiah nay b

aplled the "effective shodow holght', vill be somovhat
lovarad » Table 3 pives the effective shadow hoights of the
lovest gmmmg roys of the sun illuminating the twilight sky |
in the direastion of 70" from penith in the sun's meridien
plang «

mulst® hee galeulated the helght h at zonlth of the
léwmﬁ golar rays illuminating the twilighd sky on the
assunpbion that the layers of the atmosphere belov 3 Km ave
opaque to the graming rays. Mo has alloved for refraction.

Liuaghall has slso celaulated the offoctive 1imit
of the eartheshedov, He assumed that there i3 no shorp limdt
to the earthwshadov. He caloulatod the mm&*ﬁingg holght at
which the light, seaterad from molecules below that helght
would be equal Bo the Jight soming Lrom above the same limib,
This limit ho called the effective 1imit of the earthis shadov.

The mfi‘_mﬁiw shedow heights according to Hulst end
Ljunghell sre tphulated in Table 3.

Toble 4 gives the velues of twilight intensity
magsurenents ab Abu made by the suthor in the dirvoetion of the

113



J

HBunts Doprassions

Height of thw @m*th*za shadow {allowing Lor refroaetion).

L o= Ab m*ﬁ.\‘m, mmz'ﬁm;; o HOLST (aereaning helght of 3 ki,
and 078 sllowance for refracbinn) .

3w Ab gendth, sccording to Lfunghell (A 1imit of effeative

 parth's shadov iz that, the light, seatbered from

molocules below this limit, is equal to the reduction
of the seabtered light dus to extineblon of the light
inoldent shave the seme 1imlt).

¢ » In o direction of 70° from zr;,éumh, in sun's meridlien
plans, sccordiag to the esuthor (soveoning hedght of 6 Sss:u,
and 096 allowsnne for rafraotion) .

A 3% I W . £ MO g A - ol iy Ll Al O A Ay A O T A . A S ".""““"' } S0 S i o B N o A P A

" in &@gmm »

LT R A A58 el I A A A6 50 D e D o 40l 5 N 0 O I e A A g o Ny SN 1 e AR A 00 A A .
4] - 14,7 -
i 847 3447 545
2 =g A8 '37 30
3 Ba7 T4 A0 5
4 A3 b L 1540
B 210 40 o4 f"«keﬁ
% 3040 81 of2 9345
7 ALl T 36 o6
8 54 40 3080 wi}
O 6500 o7 40 50 W0
10 A o5 1165 &8
11 206G O L3 0 7D o
13 196 40 16140 9345,
T 15040 187 40 10745
M L3 WO mlﬁ o 181 5
L5 204 o0 D48 o0 186 6
6 ol N oo Ay AR A AR O it e 0 A i ) T N N AR B A P YA U e A 0w O, Y NS L S A 00 Y S S i
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R

gun at 707 from zond.th a:!.rmg with the values ab zenith of
Dave and the valuss glven by zl,;mngnm in tho ddraction of the
sun at 75° from senith, ab Heluan. Tho. observations st Helvan
woro made with a ved £ilter, mean wavelongth 6330 R, snd by
Dave ab Abu with red filter, mean wavelength 6300 %. The
suthor used a red filter, the effestive response of the

. photomulbiplier and £ilter baing et 6600 .

Fig.3 shous tha plot of the velues of tvilight
inbensity for Abu in the direstion of 70° from zenith, at
zonith and at Helwan in the dirootion of 757 from zonith in
ghe sun's meridian plane. The veluos ave mede to anineide

at 5% sun's depresaion.
The f‘émwmg points may bo nobed g

) The intonslty at 70° from the senith over Abu is
rolatively larger than the intensity at the zenlth
when the sun's depression is botween 6% and 5%, The
values ub Helven show o siniler hgmvimw, but the
difference iz less pronouncsd ¢

(=) Whon the suals daprossion is between 3% and 6%, the
labensity at 707 deoresses very rapldly with €. . <

(3) From 6”7 %o 11‘7’, the rate of change of bx“igmﬁn@w
i similar in a2l ooses.

(4) From 117 to 16% the zenith intonsity remsins
proctically unaltored while the intonsity ab 702

#6111l goos on decroasing.

11X



T s INTENSITY OF - LISHT  FROM  CLOUDLESS SKY
AT ZENITH (ABU)s 70° FROM ZENITH (ABU) AND
75° FROM ZENITH (HELWAN)  — ALL  MADE

TO  COINCIDE AT a:=5"°

(DAVE ) 195] XXX ABU 220" 63004

(SHAH) 195¢ —O»——O—O—’ ABU 2:70 A 66004
(LJUNGHALL) 1947 fymetystr HELWAN 2275 263508

LOGI

DEPRESSION of SUNS CcENTRE
BELOW GEOMETRICAL HoORIZON

FIG - 3



KT |

-3

Il ‘

so 1
e
T8
sr°e

Ly

Mmgo &
L2 S
£072
eOTEL P
Lt

S

65" T

gre
6t
a4
&rg
oo
1
ze"t
ol
eOTRE g
™wT
&'t

FOTHOS S

or ot

eyt
S oo

S ET
o eT
T
o*Et
o 1T
0° 1L
&0t
o OT
6

0°6

gory

LOTEG L
55
cUTIEO L
152 o
LTETY
0o*T
ES"T
288
gcg
&Y
68*S

..%.mﬁ%m

FOTRBL' D
= 4
$°2
89°%

FTEILE
98T
% e
og"g

SOTEEE" S
13 ol o
0L T
6Te
38°%

JoTEs e

gere

-y

OTEETL

geet
295
PV
OTHEE
g8t
00*e
08*S
gVTHTE
| €21

5 i
£8°8
core
JOTVS ¥

o'e

oz
S*'1
o1

Od=Z SL = 2 cO=7 uorsseadep 0% ¢Sl = Z cU=Z uorssexdsp
Y ogy  TiRuSunil sasg s, UGG ngy  TEusunlT saeq syuug

- (uns spaemey) A¥S oy IO OOUSLSTD UATUSZ = 7 ° (03113 Dew)
£xs oug 36 saaed 3URSS3IT WOS) WSTIIAG FUTUICW SUTAND LS ﬁmﬂﬁwmm S6TITSUSIET

TrY



s 18 ¢
difference from Dave's 6bseTVOtioﬁs
The ;i mey b due to the faobt thab Dove's obsorvabions
ware mode on 6300 % (where theve 48 the sided effoat of She
and the proportion of multiple Scattering to Primary scottering islarger
tuwilight airglmj) 3 while the author's obsorvations were on
an effective wavelength of 6500 Re
f
¢ Anglyals

I iz tho intonsity messured in asrbitrery units as
an amplifiod wurrent by the phobameder. To cover the large
range of inbtensitles, the amplificatlon feotor is chonged
by the insertion of ﬁiﬁfm*smﬁ rasisbances in the input ﬂg\)% e
amplifier. The roudings of the mioro-smme
the same undt of intonsity by multiplying the gurrent by the
appropriate sealing factors. From the time of mhgmwéiawmu tety

Yer are brought o

. e i _
the sun's depression @ ab A‘saemit%x of observer can be calevlated
Owing to the large range in the value of Iy it 1s convenient
fo plot log I agalnst *4Y or A%z equivalent ©,

In a pure dustefreo atmosphors, iIf the intensity
of sky light iz sssumed to bo due meinly to primary sosbborsd
Iight, tho dntensity I will be proportlonal ¥o the pressure
p ab the Jevel of the effootive shadow, Bub b8 & makter of ]
faet, thore ls a certain smount of sagondary ond ml@ﬁ.p’ly"i
scht%x‘m light sdded Yo the primary ﬁsmm&m;ﬁ”zﬁaﬁm%ﬁm
ami | morsover, the atmosphore aonteins gome particles of haze
‘ condensed water-vapour m ecertain divections

and WWK yhioh couse additional hrightness ) and algo
abtonuate . the divect ~adiation.

11T
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The efffeabs m“ mlti;ﬁa soabh wimz oo be mﬁ.u:ﬁ.mimaﬁ
by the use of longer wavelongihs .

If 5 eurve of AL/L or Aozl 1s plotted agalast 6

AP/P ALog P

1% 4o found thab Lt shows ﬁig?ﬁ.fiaam rapld changes ab sono
voluss of ©, and those are atiributable Yo changes in the
structure of the otmosphere, elther of density chenges or of
ghanges in the dust conbent of the atmosphore.

The ohange of pressure with hedght la the atmosphore
18 given by the squation |

Ap # = gfAR - )

where Ap is the fell of pressurs corrvesponding to en incrouse
in height of Ab. - “

Since p = RES

wa goby : .
Ap/p = ~ gAh/ RT | ()

whore g 15 the scaoleratlon due o gravity, snd T the absolube
temperature in dogrees ab prossurs lovel pe

)

tm uppor atmos pharae used in mokdng the caleulations . ’i:fp to

Table 8 glves the sssumed values of tompornture i

J{) Km, the temperatures ara btaken Ho bo tho seme as mmw of
thn wean troplasl atmoaphere snd above 30 Kmy bthey are es in
ARDG Model? Atmosphore .
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rale 5
Adr tomperature (%K) ab different holghts
(030 Km ag for tropleel atmosphurg, ARDU pbmos pheres above B0Km)

mnmmwmmﬁwm&. 0 o ’;gwﬁm. A0 1D S0 O 0 S A A Yk A . 0 40 S N ool ¥ i Wy O
pkm 0 + 2 3 4 8 8 7 8 9

oepe———w e HTTEEEE I ;wm*#mnfmuw.,i“‘ o 1 W 0 S e o A 0 S PR

O 505 297 @Ol O34 W7 2P0 B3 865 o0 U8
10 935 299 280 24 208 201 164 ig7 200 204
o0 208 12 215 28 eRp B2 2% a7 290 288
a0 235 984 037 D40 243 U6 WO 23 055 P58
40 D61l D84 287 S0 Y3 &6 279 o9l 883 2493

Go 254 249 D45 D80 938 237 237 223 2B B4
‘o =0 208 20l 396 192 188 183 170 174 170
50 166 166 166 166 166 160 166 166 166 166
oo 166 167 168 172 176 180 184 187 1ol 195
loo 100 203 207 10 2l4 218 289 235 248 267

Lio 937 308 585 544 363 (388 401 420 43D 458
120 477 496 OA5 B33 552 671 590 609 62 646
130 665 684 702 7L 730 758 776795 83 93%
a0 850 | |

0 I A 400 i 9 A B 0 4 10l S SRR SRt G S A1 S e 6 3l SO0 N WOl S Y 00 S T W A DR At

Y 0 i et

e volue of h in Fig.2 s

h = a (sec §'wl)
= 06'%/2 approximaboly, vhon &' is small
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¢ 15 1

and Ah = potAgt | | (3)
From (2) and (;‘3)

AR
W wni& b »ﬁu ﬂ(%’ Aar)

p Y |

| j
o Alog p = e %% alot aeh) (4)
(68" moasured in radiong)

whore R is unlvevsnl gas oonstonts Tho valuas of

gra osloulabed for feow days and are

,a@, 3] :
plobiad aggaﬁ.nm mean O

Plgg® plotted d1/Idt egainst h whore % is tho time
from sunrise or sunset and h ia the height of the earbth's |
shadow defiined by the rising or setting of the sun's centrey
amw(ng 88 for the horlzoatal refracgtion of the sun's ray.

Ho found that thore were marked peals in the velues of AI/fdd
—‘ at hedghts verylng from 10 to 20 Km and slso one or two minor
pocls at 75 o 90 Kue

- Since there is o gertein swount of uncortainty in
defining the height of the earth's mm‘:ww, we considerad it
 desirable to plob different simple functlons of A1/ or
AfLog 1) ogoinst 8, the ﬂea,m’asmim nf the sun's centre below
the goometricel hoplgon.

111
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Figed shows ;am of Log Iy Log p ond Atog 1/ Log p
azadnst @ on tuo days. The gomperatures ab the heights of the
gonmatricsl sarth's shadow hy corres panddng to © are also
plobted o |

Among the obher mm‘t{m’rm tried were AL/L ot
against ©, and AlLog I/0ALog p ogednst 6« Fig.5 shows
thosa throe eurves velating to the observatlons in the dawn
of S7-1=58, p refors to the pressure ia the atmoa phere ab
tha level of the geometricsl earth's shadov without refrogtion.

For ssch velue of ﬁ, velues of &' and hgppy the
effoctive height of the carth's shadow eorvesponding o
d;tfi’eremh pgaumptions regerding the screening mwm of the
dust 1&1&2# and phmospheric refraction, con tm triml mm

| Prom Figs.5, 6 and 7, 1% will bo seen that :s.n the
surve of ALog I/ALog p ngodnat 0, the tomperature gtructure
of the earth's abmosphere is somovhat roflected, vhile in the
ourves of AlLog 1/T-Alog p egeinst 0y ond of AL/LAY, 1%
iz practically absent.

g4111 for the seke of simplicity we have preferred
to retaln the curves of Akog I/Ang: p agoinst Q.

X
o

On the right hand side of the Fige .53, 6 and 7y h@ﬁ»,
the ﬁéfmatwea ghadow height of the diregtly illuminated reglon
in the direction 70° from zenith, corresponding to differont
depressions of the sun's centre O, 18 given with an assumption

111
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AN &

that the sereening height is 6 XKm and the sllovwanoe for
refraction is 0%,

Fig 43 reprasonts the verdation of Alog m/A tog p
agadnst @ on o numbor of days in the month of Jamery 1957.50.

'ﬁha curves show the following more or loss rogulay
faatures , meximum betuoen 5%isyl ﬁmg end & secand feshler
mtdman ot about 3%.8. The first mexima are sharp bub the
seaond lass pronouncod, The first maxime ave somebtimes divided
inko two or throo subemexime, as shown on 30ele87, 23158 and
Fulafidy The mmim oscur at aboub 1&%@;

Figs.9 and 10 represent the varlation of dlog T/akog p
on a number of days in the month of i“‘abmaw Asﬁ%ﬁ@, The
maximun ocours oo usuel at @ equel to 59 to 6° and second
moxims ab about 99,5, This 45 o usnal fasture of seaond
maximae Broad mindma are shown ab ambout 189,

In Haroh 3.%% (Fig«dl)y the first maxime are
irregular. Sometimes they sre sharp and ooour st 4° to 87
and second mexima at 8°,8. The minima ogeur at 129, The
verhotlon of dedeS3 ves of poouliar nature. Tho £irst meximum
- saourred ab ebout 4% sun's deprosa &s.:im and was vary sharpe
The moaxims on DeS=52 was less pronounced and 1% accoured

batween 50 and 6%

11
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In summer, maﬁy_ir;egplarities vare observed in the

curves and strong haze occurs ab lower levels (Figs.l2 and 13).

| - The fii'ﬂs_t maxima occurred at_'.lj\ra:l.‘ues of sun's depression
pelow 5° 1.e. the whole layey seems to descend. On 13 and 14
June 1958, they were found ab 4° sun's depression. The height
of occurrence of first maxlme recovers ;};11 the month of Nov~Dec.
1958 (Figs 14 & 15) and .‘agai_n they sccur at_e'z 59 to 6° of
sun’s depression below the horizon. The second maxima occur

between 8° and 8°.5 and minima occur at 11°.5.
7., Discussion

- Junge et 319,10 (1961) in their study of stratos pheric
aerosols by direct observation of the particles cAollec_ted by
means of balloonwborne inertisl impsctors at Blsmerck N.D. and
Omzha, found that thé vertical dis tribution of stratospherie
particles within a vadius range of sl M to 10 M,
consistently showed a meximum in the siratosphere showing a
broad meximum in between 15-23 Km. They suggested that these
perosol layers were identical with the layers res panaib‘le for
the purple glow of twilight and the haze layers observed. by
fliers in the stratosphere. They also showed that-mg\x\_the upper
side of a stratospheric aerosol layer, there 1s very l;-i?bnouneed
stratification. This twilight phenomenon had been observed and
studied for many years, partlcularly by Gruner (1955) « The
characteristics of the purple glow, especlally the time of 1ts

III
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appearance as a function of the sun's depression below horizon,
allow an estimation of the helght of the scattering layer to be
made, which ls given by Gruner to be in the neighbourhood of
25 Km.

i

From our observatlons, it is found that the first
maximum oceurs at abqut>5° to 69 sun's depression which is
equivalent %o a layer at a height of 2025 Km. Sometimes,
these ma#ima are found ta\bé_aﬁfabaut 4° to 5% sun's depression,
which ecrrespanﬁs<%o'15§2® Km., Thls means the whole layer of
dust descends to a lower level in ithe atmosphere. Sometimes,
thin layers of dust ocecur whiéh are revealed by two to three
mexima on the OLog I/ALog P curve - when hhe'%angeﬁﬁiél
vays of the sun érc;ss the lower boundary ‘of a dysi; 1vayer., the
intensity fails abruptly and when the ray clears“dut, the
intensity recovers to ite previous normal value, with a slight
dacresse. Such are the cases oveurring on 7=1l=59, 3-12-58,
16~5-58 and 23~1=58. The first scattering layer varies from
18«30 Km, The lowest heights ocour in June, and the highﬁst’
in Nov-Dec.

A second leyer l1s f_éund ‘at about 50 Km. in all the
curves irregpective of sesson. Sometimes 1t ls sharp and
s ome times 1t is less pronounced . The minima occur 'at--a\height
oftu 80=~90 Km near the height where the temperature is also

mininmum.

III
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Relative change in intensity of twilight sky, in the
direation 70° from zenith in éun's meridiean plane during
evening twilight nt Mt.Abu for differont 8. (Red filter)
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 Relabive cheage in intensity of twilight sky, in the
direotion 70° from .‘wmﬁh in sun's meridian plone during
evening tvilight et Mb.ibu for difforent 8, (Red filbay)
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Reletdve ;z}mm@ in intensity of tvilight sky, ia the
 advection 70° from zenith in sun's meridien plans during
eveuing twilight at Mb.ibu for different o. (Red filier)
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Relutive change in inteusity of twilight skyy in the

dtrection 70° from zenith in swn's meridian Flane during
evening twilight ab ME.Abu for differcat 6. (Red £11ter)
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Realabive &‘}E‘fa miihwmiw of tullight sky » in the
airection 70° fi gansth 4n sun's meridien plane during
Hybu Tor different 0. (Red fﬂ-wg‘”
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