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ABSTRACT

The Princeton University Ultraviolef Spectrométer—Teleécopa on the
NASA Orbiting Astronomlcgl Observatory 3 was used for stellar occultation
neasurenents of atmosphurlc ozone. Intead of the usual limb-crossing geomeLry,
this observation used a limb- grazing technlqug which ylelded a higher SténgLL“
c2l accuracy for the absorption maasurements.

Two sets of observations of B Cen were carrled out on 26 July 1975 and
1.3-14 June 1976 at wavelengths from 2550 to 3100 A. ‘After unfolding of the
absorption data, ozone density profiles near the equator within 3 hours of
jocal midnight were obtained at altitudes from 42 km to 114 km. In the lower
half of this altitude range, the ozone densities measured in 1975 and 1976
agree with theoretical calculations and one measurenent carrled out in 1971%.
Ozone densities in the upper half of this altitude range show a significant
excess over the extrapolated jow-altitude profile near 100 km, clearly visible
in both the 1975 and 1976 data. ‘

A discussion of the statistical and aystematlc accuracy of the present

results, and a comparison with published ozone density profiles is given.



1. INTRODUCTION

The occultation teéhnique.for measurements of atmosphéric species
has been used by a number of researchers to probe planetary atmospheres.

Lighﬁ from the sun or other stars waslmeésured in certain time i
intervals while the line-of-sight traversed a varying portion of the atmoéphére
of the earth ox othar planets, The resulting vériations in recorded c;umting
rate can be converted easily into a measurement of the column density; after
further unfolding by a number of methods, an actuval density profile is
obtainad. ‘ '

Section 2 contains a description of our stellar occultation measuremants
and the instrument used. An evaluation of the accuracy of the calculated
densiﬁy prbfiles is presented in Section 3. The results of two sets of ozone

measurements are given in Section 4.
2. DESCRIPTION OF INSTRUMENT AND OBSERVING PLAN

Stellar oécultation measurements of atmospheric oione and other con-—
stituents were carried out with the Princeton University Ultraviolet Telescope-
Spectrometer on the NASA Orbiting Astronomical Observatory 0AO-3 Copernicus.
The orbit of OAO-3 is nearly circular with 745 km altitude and 35° inclination.
These orbital parameters are very favorable for occultation measurements since

they permit long occultation times during each orbit, and also reliable long-

term predictions of suitable future occultation times.

The 0AO0-3 star tracker is brogrammed to track on a pértion of the light
entering the telescope; another portion is split off to the UV spectrometer.
Since the star tracker uses visible light and the 5pec£rometer senses UV
light, refraction effects and possible guidance problems limit the range of
occultation geometries to tangent altitudes above 30-40 km.

In the usual applications of the occultation method, the 1ine~of;sight
to the star crosses the limb of the earth during a time interval of approxi;
mately 10 to 25 seconds depending on the satellite orbit and the atmospheric
species observed. We are using an observing geomeatry in which the line-of-
sight grazés the earth's limb without actually being occulted by the disc.
Typical observing times for this approach are 200-300 secoﬁds, with a corres-—

ponding increase in the statistical accuracy of the observation,



The above~&eutioncd star tracker design also restricts occultation

measuremants to nighttima ob*orvarions vhen the point of minimum tangent
altitude (i. c., the "tangent po:nt ') is within three hours of local midnight.
These restrictions and some engineering constraints limit appiications of the‘
limb;grazinv method from 0AO-3 to one or two observations per star per year.

The minimun tangent altitfude during each orbit varies by approXimately
10 km per orbit because of the precession of the ascending node of the 0AO-3
orbit. This means that the obserﬁing waveleng th for cach orbit must be
selected to opti&izé absorption by atmospheric ozone, i.e., to obtain optical
dcpthé between 0.03 and 5. This range of oﬁtical depths was selected tq'
minimize the effects of uncertainties in the background and ﬁnattequated
counting rates (see Section 3). An observation therefore consists of a.
sequence of orbits with overiapping altitude rangas and usually different
observing wavelengths between 2550 A and 3428 A (the upper wavelength limit
for the 0AO0-3 UV Spectroweter)

Table 1 contains a sumnary of the 19?5 and 1976 measurements of
atmospheric ozone. Although the actual data collection during each orbit
extended over 240 seconds (limited by the on-board data storaOé capacity for
the observatlons discussed here), Table 1 lists only the beginning and end
of the 1nrerval during which the optical depth for absorptlon along the line-
of-sight was between 0.03 and 5. The 1975 measurements were carried out
within 25 minutes of local midanight at the tangent point; while the 1976

measurements extended over the range from 0100 to 0300 hours local time.

3. DATA ANALYSIS

3.1 Calculation of Ozone Coluun Densities

A typical set of daha is shown in Figure 1. The histogrém on the
lower half of the figure shows the counting rate recorded as a function of
time, varying from the unattenuated stellar flux value through partial
attenuation by atmospheric ozone to the cosmic-ray induced background
counting rate and com?lete absorption of the stellar fihx signal.

Using the one-standard-deviation value as a measure of the statisti;al
accuracy, Figure 1 shows that the observed counting rates in each 1l5-second

interval have an accuracy varying froam 0.477 to 1.2%.



The calculation of column densities from the relative attenuétidn'of
the net stellar flux signal is easily obtained after compensatioﬁ for the
anli'effcct of Rayleigh scattering. Since the bandpass of the 0A0-3
Ultraviolet Spectrometer is nafrow, typically 0.06-0.08 A, integration over
a finite wavéleugth'band is not necessary. |

For the conversion from optical depth to column density welhave{used
the ozone absorp%ion cross sections tabulated by Ackerman [1]. According
to a review presented by Hudson [2]; these absorbtibn cross sections can ba
assumed.to have an absolute accuracy of better than SZ.r

Figure 2 shows the resulting ozone column densities as a function of
tangent altitude for the July'l975 observations. The data from three orbits
for near-equatorial tangesnt points are shown in this figure. The relative
statistical uncertainty of the calculated column densities is indicated when
it exceeded 10%Z. As shown in Table 1, the three sets of data wére obtained
during three successive orbits, approximately 100 minutes apart, with three
different wavelength settings. Near 62 km the three sets of data agree to
within better than 10Z, while a spread of almost 70% is observed near 50 kn.

Ozone column densities calculated from the June 1976 observations are
. shown in Figure 3. These more recent data (compafé-Table i) show a higher

level of consistency among the various sets of measurements; the spread Eetweaﬁ
column density wvalues is less than 30% betwean éZ km and approximately 75 km-‘
tangent altitude. _

For ease of comparison, the data from the July 1975 obsefvatioﬁ (Figure
2) have been repeated on Figure 3. It is apparent that the averages of the
. two sets of measurements never differ by more than appfoximately 407 in the
altitude range from 42 to approximately 75 km.

Figure 4 shows the ozone column densities in the altitude-range from
75 to 114 km. The July 1975 observation (Orbit 4 bnly), represented by the
broken line, follows a typical exponential up to approximately 85 km and then
exhibits a pronounced maximum near;95 km tangent altitude. Above 105 km, a
near-exponential decrease is observed again. The June 1976 data from four
orbits‘show the same feature as the July 1975 data, except that the whole

profile appears to be shifted to lower altitudes by 3-5 km.



3.2. Calculation of the Ozone Dansity Profile

The relation betwzen the line-of-sight column density and the
local ozone density'is givén by the Abel integrél which can be readily
invcrtcd; For computation purposés it is necessary to first obtain local =
_ fits to the colunn density prnfile, using quddratic or exponential nodelﬂ
(el Roble and Hays [ 3]) which do, however, introduce local gmoothnﬂ
depending on the number of data p01uts used. This means that the resulting
density value at any given altitude is not uniqua vhen the set of column
densities has a finite spread. Depending on the number of data points used
for the loz -al-smoothing calculation, the variation in calculated density
values is comparable to, but less than, the percentage spread in the column
density values (see Section 3.1).

Figure 5 shows the resulting ozone density profilés for the 1975 and
1976 observations. Both sets of data were treated in eﬁactly-the same mannéf,
j.e., at a given altitude range equivalent numbers of data points were used
for the local-smoothing calculations. At altitudes below apprbximately 85
km, the density profile shown in Figure 5 was also verified by a simple
Chhpman~factor conversion from the column density values; the results were

found to be in good agreemsnt with the more ¢laborate Abel 1nteoral 1nver510n;
4, DISCUSSION

A recent theoretical calculation of the range of niOhftime equatorial
ozone density profiles for a nuzmber of plau51b1e reaction rates and solar
flux assumptions has been made by S. C. Liu {c.f. Rie ler, Dra&e, Liu, and
Cicerone, [4]). This calculated profile is shown in Figuxe 6 by the upper
shaded region. The results of the present set of observations shows -
adequate agreement with the theoretical model at altitudes ﬁp to approximately
90 km. Above this altituds, an unexplained discrepancy between both the
1975 and 1976 observations and the theoretical model e%ists. '

Ozone density proiiles obtained‘by Hays and Roble [5] via the
stellar occultation technique in the nighttime equatorial region are also
shown in Figure 6. The enhancement seen near 80-85 km altitude appears to
be unrelated to the feature seen near 95-100 kn altitude in both the 1975

and 1976 observations. Except for the 85-90 km band, where the 1976 observa-



iions agree with the results of Hays and Roble [5]; their results appear

to be systcmaticélly and statistically inconsistent with the data presented
here. We are not aware of any publiﬁhed experimental results for alticudes
above apﬁroximately 90 km.

The results of a March 1971 nighﬁtimé equatorial ozone measurement
with a rocket?Borne chemiluminescent detector by Hilsenrath [ 6] at altitudes:
below 67 km are in excellent agreement with the data presented hére.l

The 020né mass mixing ratio as a function of atmosﬁheric ﬁfcssuré
is shown in Figure 7. The "15° North Annual” model of the United States

Standard Atmosphere [ 7] was used as the reference atmosPheré.
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FIGURE CAPTIONS

Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

A typlcnl set of stellar occultation data from one orbit.

A histoﬂrﬁm of observed counting rates is drawn in the lower
half of the figure. The upper half shows the instantaneous
value of the tangent altitude of the line-of-sight and the
geographic coordinates of the tangent point.

Ozone column densities belaw 75 km tangent altitude dorlved
from the 26 July 1975 stcllar occultation nﬂaSuerLnt of B
Cen. Data from Orbit 1 (3100 A) are drawn with symbol (o).
Orbit 2: 2997 A, symbol (+). Orbit 3: 2825 A, symbol (x).
Error bars of one standaxd deviation length are shown only
when the error exceeds 10%. fo .
Ozone colan densities below 75 kn taﬁgent altitude from
the 1975 and 1976 stellar occultation measurements of B

Cen. Data from the 26 July 1975 measurements aré repeated
ffdm Figure 2; Orbit 1: 3100 A, solid line; Orbit 2: 2997 A,
dotted line; Orbit 3: 2825 A, broken line. Datﬁ from the

. 13-14 June 1976 measurements are shown for Orbit 3, 3000 A,

symbol (x); Orbit 4, 3100 A, symbol (0); Orbit 5, 3000 A,
symbol (1) Orbit 6, 2900 A, symbol ( ); Orbit 7, 2700 A,

symbol (+). Error bars of one standard deviation length

.are shown only when the error exceeds 10%.

Ozone column densities above 75 km tange nt altitude from
the 1975 and 1976 stellar occultation measurenents oE 8
Cen. Data from the 26 July 1975 measurements, Orbit &:

2580 A, broken 1ine. Data from the 13-14 June 1976 measuze-—

- ments are shown for Oorbit 7, 2700 A, symbol (+); Orbit 9,

9550 A, symbol (s); Orbit 10, 2550 A, symbol (x); Orbit 11,
2550 A, symool (o). Exror bars of one standard deviation
length are shown only when the error exceeds 10%.

Ozone density profiles calculated from the 1975 observations
(solid line) and the 1976 observations, symbol {.). Sce

text for a discussion of the jnversion calculation.



Figure 6.

Figure 7.

Comparison of the ozone density'profilc5 calculated f[rom

the 1975 observations (solid 1ine) and the 1976 observations,
symbol (.) with previous stellar occultatioﬁ measuremants by
Hays and Roble £29733 B.SON), a rocket-borne measurement by
Hilsenrath (1974; SON), and a theoretical calculation for
equatorial regions presented by Riegler, Dréke, Liu,’ and
Cicerone (1976).

Ozone mass mixing ratlo as a function of pressure derived
from the 26 July 1975 observations (broken line) and the

13-14 June 1976 obsarvations (solid line).
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