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The ol absorption erossssection tor coetlicient) cutves of nitrogen and osygen recently measured
in the S80-1050 A wanelength region using a Hoplicld helium contingm bachgroond Light souree
are discussed in relittion to the absorption of solar eadiation in the carth’s upper atmaosphere, - Stvilar
wicasurements using the hydrogen nuny-line spectram by ukg.muml in the 13781280 A region and
the 16201640 A region of the oxygen Sehunann-Runge comtinuum are abso deseribat. A able
listine crasseseetions of nitrogen and osygen an all of the important sokie emission lines in the $8Q-
10500 pegion is given,  Our measurements e compired with values given by others: where
pussible, .

The absorption of solar ultra-violet radiation in the atmosphere produces ions.
atoms, and eleetrons which then generally undergo further reaction with cach other
and with the ambient atmospheric constituents.  Inorder to understiand the numerous
reactions that oceur in the atmosphere, it thus becomes essential to Know the primary
photochemical formation rates of these reactive species.  For this purpose, it is
necessiry 1o know the solar radiation flux incident on the upper atmosphere, the
number densitics of the atmospheric constituents, the total .thsmplmn cross-seetion,
and the cross-section for the spmllo producet of interest,

The purpose of this paper is to make readily available to-upper ‘ummphcrc
theorists recen 'y measured total .lb\nrplmn cross-sections of nitrogen and oxypen,
primarily in the '550-1050 A wavelength rq,mn. These measurements were obtained
witir a continuum background Iu_,hl souree, in contrast to most other measurements
which were obtained with line emission background light sources and which there-
fore cannot adequately measure the complicated strueture usually present. A
general discussion of these measurements and their reltion o the molecular strie-
ture has been pmmuxlv given.b 2 In this paper we wish to describe in more detail
the measurcments at important soliar emission lines and also recent measurenents
in the oxygen Schumann-Runge continuum.

EXPERIMENTAL

The experimental method will not be given in detail here, since it has been previously
deseribed. ! 2 A repetitive, condensed discharge (0002 b0 5 ko) through helium (38 num
Hg) gives an intense Hoptield continuum $ from 580 (o OO0 A, “The radiation then i dis-
persed with a 2-218 m normal incidence monochromator equipped with diflerential pumplm’
at the 100 micron entrance sli. A 10 em long, windowless gas absorption eefl is placed
directly behind the exit slit, The radiation s detected with @ sodiumesalicylue-conted
glass disc at the end of the cell a fow mm from a photomultiplier (ENT9514B). Pressures
were measteed with a MelLeod gange.  Reagent-grade gas from-the Air Reduction Com-
pany was used.  Wavelengths were located to - 01 A using impurity Tines of known wive-
Jengihs, and the bandwidth, as mmwrui from lhc nnpum\' line hadt-widths, was slighly
tess than 0-5 A, : ~ ;




L) Nroash O CROSS-SE TIONS
e absorption crossssection ¢ of absorpiion coctheient 4w defined by the exprossion,
Palgenp [ —Av)s= fpenp | ~enav) ()

wiere fpand £ are the relative intensitivs wahout and with gas in the cell, ©is the absorpiion
path length reduced 0 s.0ps, and aa is 209:010% em Y, Loschiade's mnber, The b
sOFpHion cross-section is given in units of megabarn (Mb), which is equal 10 108 om,
and the absorption ¢xtlicient in units of e In all cases, @ seeond iy scan wis niwle
aiter meisuring the absorption 10 be sure thiat the light souree intensity luad remaed
constant, '

A small seattered light correction of from 02 10 3 7, was subiracted from ol intensiivs,
At wavelengths Jess than 660 A in Na and 7220 i Oy, it was necessary o mahe sl
corrections for uorewence of the gas in the absorption cell.  In the 1375-1450 A region,
iU wits necessitry 1o correet for Muorescence from the lithium Nuoride windows,

“The meisured el pressures were carrected Tor the pressure grindicnt along the ight path
during windowless operation by measuring the absorption of osygen around the peak of
the Schumann-Runge continuum (13751450 A1 both during normal low operation il
with a lithivm Muoride windowed cell. From these resulis, the mcasured absorplion
coetlicients were increased by the factor 1418,

ARSURPTION CROSS-SECTIONS, S80-1050 A

In this section, absorption crossssection curves averaged rom at least tive seans at
different pressures are given. Il cases, the curves agreed well with previous spectia
tehen in this Jaboratory with 4 6-8 m grazing incidence spectrograph.

Nitrogen absorjtion cross-sections are shown in lig, 1, covesing H00-S00 A and in fig. 2,
covering 800-600 A, Miny shurp molecular bands whose retational structurer are not
resolved with die present bandwidih are observed between 1000 and 790 A, the fiest ion-
ization threshold,  For these unresolved bands, the absorpiion cross-seclion incieases as
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Fiei, |-—Absorption cross-sections of nitrogen in the 1000-800 A region.

the pressure deereases,  This * apparent pressure effect ™ s probadly due 1o extremely
high absorption cross-sections in - the sharp rotational Tines which generally produce 1otai
absorption at the pressures used.  Tn this case, the given band maximi represent a lower
T, and mueh higher resolution will be needed to study these bands. ‘There is no con-
tinnam ebservable between these bands farger than the approximately one Mb Jower Timit
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e aeee CRUSSSOCHIoN  tIesEIeenty it evpeniments, Phe signiticant roe
tis sttt beginning near SO s prabably des o unresolved Rydberg series membwrs
comerging 1 the fist onizdon threshold at 6 A, Because of the absence af 4 con-
D and of the strp appearance of the bands in higher resolution speetia? it is unlihely
Yt absorption by mitrogen m the 10KET9H A region will lead o foratition of RHroges Mt
B plutodisocition m the amosphaie, 1S possible that predissoviation. may s
iy wee of these hands . liowever, the neeessary high resolution strdies have not been teae.
A wavelengihs boaeen IO 1030 A, the pitrogen absorption bands are o v ot
puper Jimit about 000 Mb v con'd not be measured in the present case.
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Fii. 2. Absorption cross-sections of nitrogen in the 800-600 A region.

At wavelengths less than 796 A, nitrogen can be jonized to the X2X ) ground state of
N and G 2 shows the presence of the expected continuum in this region,  There are
b iy bands, especially in the 796-725 A region, which have heen found to be extensively
pre-onized - Around the N1, threshold 743 A, there is o gradual rise in the con-
rinunm towards shorter wavelengths, However, at the Nj 82X} state threshold at 661 A,
there s 2 step-like threshold and thena relatively featureless continuum down to the lower
wavelength limit of 580 A, In the region below 661 A, fluorescence from N} has been
abserved.s  This radiation is probably the first negative bands of N3y, 82X} XYL

Oxygen absorption cross-sections are shown in the 1060-830 A region in fig. 3 and
i e 830-600 A region in fig. 4 he observed continuunt increases very slowly below
the fiest fonization threshold at 1026:7A (X1, state of O3), probably because of large
dillerenees in equilibrium internuclear distances petween the ground states of Oy and O3,
At the other jonization thresholkds shown, the continuum also rises gradually.  In addition,
Jissociation contimi T may contribute to the observed continuum,

All of the hands at wavelengths less thia the Jonization threshold of 1026:7 A e diffuse
Al Bave been found to be are-ionized.” Al wavelengths fess than about 722 A, fluorescence
wits observed ® This was probably due largely to the second negative hinds

from O}
SN, To general, the oxygen curve is much better known than the nitrogen

ol (SR A,
curve, The bands are more difuse due to pre-ionization,
1-4. the experimental crror is cstimated 1o be 1109 under the most favourable

Ihis error apphies Tor absorption cross-sections between about 2 and 150 Mb,
Where necessary in later diseussions, specilic

In g
conditions,
and becomes Tareer outside these Tiits.
estimated errors will be given.
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it s nunber of sbvarpion Band svstens in this wavelength region, Howeaer,
s ol these are e weddo st ane optially Torbididen,  No aceunite crossesections e
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Pevrt mieotsed, st e stronpest Basb have genwrally been estinnited 1o be no Janger thuan
A01 MBS Prediaocrtion ls Ioen Toumd i sone of the 1 ssnan-Merge-Hoplick bamls
1 thin fegnm,®

On the otner hamd, onvgen has anintense, complivatad absorphivn spectrum s
region.”  The Schomant-Ruoge (SK) continuum between rotighly 130 and 1730 A is gener-
ally ixclivesd fo he rosponsible fur st of the gtomic owgen found above %) how i the
Atsphire,  Absorptiont in thiy contingum viclds one ' pround state atom aml one 1D
evettedd stase atom per photon absorbed,  Predissovittion can ocuy i the SR basds?
It s wse, w0 2 ground state stoms are forased i the dissocrtion,

We have measured the absorpton cronsssection of the SR continmmm arnd s maxinnm

wsing it lithim Nueride windowed absorption eell amd the hyidrogen muoleenbir specirum
v background,  Measurements in the brosd nuvimum (13751450 A) of the continnum
aend it few wanelengthy near 16308 e given n table Lo At the abserved gwak of the

Pamer b ANSUREeS COLTEICIENTS 0F DNYGEN IN DHE SCHUMANN-REUNGL CONTINUL M.
AT T MANEMUM 01 B NEST CERVE DIEOUGH THE MEASUREMINTS GIVEN, T A=vatii
DOAnD THE WAVERING I 15 1S S AL SHomtir WAVIEINGHE RAWNGE VALELS

v em
AVERAGES G 9 for T SEastUREsEN S, L SGER WAVIERENGHE RANGE VALUES AVTRAGES (Y

BOAASUREMINTS,  DSTVD TRror 18 18 pian 2 100,

A Lot e ERY) 4 om0
1370060 R IR I RIS
13793 RYA 14356 ki)
(RUARR) wd 14307 o7
13955 AU 14372 RUN
13967 kD3 14381 RUZ]
IRUADY n 14401 0
Hiog-3 400 1L126 RUZ]
14078 40 11452 6
1106-5 07 16222 90
1w s 402 1020 &Y
14120 400 ih. NS
(BRI A01 16275 X0
11294 400 16328 I
1:430-2 400 16332 78
[BRIE RUN 16313 i
[BRRG| 401 16155 72
(RRXIN 400 16150 70

16394 OR

continuunt, the crossssection was 150 - 15 Mboor 403 Jem o This vadue is in pood
aeevenient with severad other photoclectric measirements.™ CHE [lowever, B s roughly
200 Jower than several carly photogrephic technigue mewsurements. T The probleny of
Cand 0t iy appaient that precise

reconeiling tiose measirements has been diseussed. ™
ried out in an attempt to fs

meastrerments by several independent techniques must he car
ihe best value of this unportant cross-section.

We have not meiasuied cross-sections with comparahle seeuricy
ICis planned to study this entire region with continnum backgronmd
In particular, the region 1050-1350 A will be studied, sinee it has

at any other wave-

fengths in this revion,
light sotrees in the future,
aot been nossible to interpret the cross-section curves welbin this region,
UPRER ATMOSPHTRE ABYORPTION
Dhe solo ediation fus iz in photon em? see at any aluitade b is given by the ex-

pression

Difisr b iexn =Y a faN L {2
)
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whore adet 6 thie i asnent on e Gl im0 o thy 1ol abainion S
seetton for e ith conaditnens, and S0 B samber o stons i vezieal o shing o
sodunes dong the pah of e modent Didnenm, The prodognos sate of J aen siavies
by absorpiion of sofar cudiation 5 gien by

Kathy = Nagom i caeap o= Ne Ny, (2
" :

where 4.0 18 the crossasection Toe absorption by the sl constitaent eahing o process 4 ad
ikt s the number density of the b vonstitnen?,  The eronsseviion a2 s the (et of
the torad bsorpion crossssection which vichds the prodict of mterest. This ennsssysction
may deseribe fonizition, dissovniion, dieaocuinge sanzation, Quoreseence, prdigt eveit-
anon or other provesses. fo will be observad incdy that both the specitic progas crow:
sechon m and the total alsorpiion crossacaions for 2 tmesphiere ComBuens e mevess
sary before aecunate production nates a0 given waencheney can e calenlaed,

A ceram wavelengihs and abmudes shere e etfectisely only one or tae absoarbing
constitgents U I gdditon, Trom mcasarements of ihe solar thas o sumber oF waves
fengths as a function of alisude, the mgber demsaties, and totad absorpiion crossaseenions
M SOMe Gses, can be found b

the seltr o below about 130 consits almost entitely of enission haes, althougl
e hvdrogen Lyman contintiam does extemd theaughout the gy QL8000 A i order
1o cdenlate production raes, it s essential 0 kpow the cse seetions at these lines, Our
measuremients of the total absorpiion crossavetions ase piven foar nitrogen and onvgen
m fable 2 together with the proposed chasstication sind the wneral tepe ol absorption
ocering at the solar fine,  We Inve selected these ines from recent phatocheetie in-
tensity mssurements,t A pumber of other lines Tuve been Toumd by several imves-
tisitors, Y 1 but they are weaher,

The avdrogen Lynun continuin can be redily observed an the upper atmosphiere
solir spectra extending from 913 to about SO0AL With some improvement i noise levels,
it will probably be possible to observe tie absorption spectra of nitrogen amd perhaps ovygen
superimpased on the continuam.  Por identilication of spectra and - possible number
density: measuzements, the appropriate seetions ol fig. 1 and Gy Gy be unlized,

The estimated errors in table 2 are in several cases farger than the esuniutes previously
piven, " his s in order 1o take into aecomnt speeid factors which inereise the error vsnim-
ates, such as impuariry lines in the region, Jow bachgroumd Tight intensity at the edges of
the continuum bachground, *apparent pressare efleet ™ monresolved hands, and eross.
sections outside the rnge of most aceuride weaswrement, Fhe values are comsiderably
better relative 1o cach other than absolasels,

Several intense lnes in table 2 deserve special diseussion, AL 10287 A T Ly [ we fiind
oxveen has g moderate erossssection of BSOS Other vidues have been 2007 10,4
J0, 7 1 and 222 N Fhere oes not appeir 1o be any reisnn 1o pliee Tess weight
onany of these resalts, The average of B8 A s probably the best vadae st this time, and
A measurements are within 08" which s the sonlles error elaimed.

Ine atrogen cross-section wt 97228 AT v very Bpes We i the ¢rosssection
1o he 300 Mb, and other measarements are 3700 15007 10 and 1907 There iy o larpee
appatrent pressure efleet ™ because ol insutlicient resolition, and the measured valies
should be considered to be Tower Jimits, With this considerztion and sl beeause special
Tow pressure meastrements were done, the most refable valae is probably the Tageet one,
or 370N This vadue s within the extimted error of onr measarement. Onr oxvpen-
cronsesecion at By s s 310 Mb swhich s ddentical with another recent measurenwent, B
A higher value of S0 Mb has also been obtaned t”

Phe Tie d Hine at 8843 A is one of the most intense hnes in this wavelengtlh region, but
unfortumately i s relatively weak and also partially sell-absorbed e our Tight source.
[herefore the ", error shown in table 2is Larger than for most of our measurainents, bor
nivogen, our mesurenent is 36 My Other measurements are 1817 26050 1520 19
and 300 Ay mentioned carlier, we correcied Tor Huoreseence, which mav e affeeted
some carlier measurceents, For ovygen. we had the ¢r sssectini 1o be 23 Mb Other
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dpvedigatony bd vl of Tec T 00t 30 TG appanest it the dilervions b
cci all these mepnicaests W Lives siun dowrible, but o s nod possibile 10 rule vt iy
oyt ot thes e, 105 probably aipatant tear s Nm{uy.tp!m luh*!hlm HEWUH [\
et 8 50w high the e iy plaved e e spedtiogi aph 18l wre genvrally hawer
that e phictockvioe wahohjin ieasircies, = 7o Mg which the gas s contined o
gelt, D he aversge of i values s 20 MD fer strogen amd X0 NMb Sor onypen,

Jastt Do ABWRFIEN  CROSSSLOTIOMY AT BRGNS T ST AR EMaN M8, Clesss

MRS AN USHNS 0 MRS, ol 0 E e Frae MOANING oF VMBS, STE St
PLOW,

v N driig o LI INY su tepsathy
W7 6 (TRY] e B (] Cont.
IR [SAY : : - e cont,

1 A MLy v I'5:03 comt.

FVH Nl 1 04 Jhand R | X cont,
ULUBY NN bl R Y IS el

UMY ¢l 06 ik} Comi, 707 cant,
V.23 Moty k{1 1] P4 band i3S H-bamd
AU Wiy, 520000 mibtnd edge ted 10 AM-bandd edge
Wi iy V] el u.d 5007 Cont,
i 7 Hiy. a8 1Y LRed A 27 .4 M-band
N (G| 63 10 uml. I I bivnd

CRATRY o1 15.35 2oRsd N RPN cont.

LR Ol 2040 PR Ny 12 15 cont,
833 (SR} 5308 cont, 1318 cont.,

902 OV 2504 Ryd: 43 arad hand
90 O M5 Redi o4, 3y KRR band

TR Oy 122 cont, 2.4 hindd

7503 Ne Vil 3 cont, Mod band

T4 Ne VI 15:2 conl, N3 cont.

7651 NIV 8020 P, band i IR bandd

03X Om 2003 cont. 3206 I, cont,

023 Ol 03 cont, RE I I, cont,

036003 NI 273 cont, 2003 F, cont,

BRI N 2704 conl, 2.5 I, cont.

[ N R cont., M5 I, cont.

06850) N 2l cont, 06 I, r=band

097 OV 357 1, eont, Y FoRyd vy

625 Mg\ RICY I, cont. 5.7 I, cont,

(3] MpX M7 I, cont. 12 I, cont.

39U O 1 3510 I, cont., 36612 I, comt,

Sad3 Hel in 1 £, cont. 218 I, cont,

ot e Tollowing symbals are wsed 1o indicate region of the absorption spectrum of the solar
e comby s continuunt s band, baoad showisg designation presiousdy given s Ryd, 4 3 Rydberg
P, nember of series haviag appaient guantum namber 3 and convergng 1o the ¢ 0 Jevel
af the L1 state of the moleae wons £ band sbiosws apparent pressure eflect, - means Huorescence

coprection apphied.

CONCTUSTON

Latad absorption cross-sectons of tolecular aaygen and nitrogen have been given for
the aaselength region SSO-1030 AL Cross-sections for osvgen have also been given in the
Scimann-Runge continuum.  These crosssseciions can be ased for caleulation of forma-
fen rades ol reactive species and of particle cencentrations in the Stmosphere. They can
alser be used o mterprat solar oy mcasurements as @ function ol altitude. Comparison
with ot mcsuremens has heen made where ‘pus.\iljh:.
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