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Preface to Part II

The succesé of this investigation, like many of
the earlier balloon experiments at Minnesota, is in a
large part due to the work of the late Ray Maas.

It is the author's zincere hope that he can build
uponkthe foundation of the experimental approach to
physics Ray shared with him during the course of his

research at Minnesota.
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Part II

The Use of Extinction from High Altitude Balloons

as a Probe of the Atmospheric Aerosols.

Abstract

This portion of the thesis describes a simple
instrument that was developed which measures the
intehsity of the solar radiation in four spectral
regions. Instruments of this type have been used to
observe the atmospheric extinction from high altitude
balloons at sunrise since mid 1965. The data from these
balloon flights is described and the vertical profiles
of the atmospheric aerosols determined from these
measurements are presented. Evidence is given for a

time variation of aerosols at high altitude.
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I. Introduction

In the past decade a number of vertical soundings
using balloon borne collecting devices and sampling
vdevices have.been ma&e to determine the vertical distributio:
concentration and compoSition.of the atmosnheric'aerosols.
Also, indirect- measurements have been made of the aerosols
in the stratospnere using optical tochnlques, e.g. tvlllght
sky intensity measuremento, searchlight and laser probing
and solar extinction measurements from rockets and sauelllteﬁ
From these measurements it has long been realized that the
concentration of the aerosols varies in time. Because of
the complexity of ﬁhe coliecting and sampling devices

and the difficulty of reliably obserVing the stratospheric

aerosols from the surface, it has been difficult to monitor
the time variations of this important atmospheric constituent
A small simple optical instrument was developed that
measures the extinction of the solar radiation at four
wavelengths from a high altitude balloon. From these
measurements using the techniqueé describes in this thesis,
the vertical concentration times the effective scattering
size of the aerosols cen easily be determinad. Since the
instrument is small and weighs less than 12 pounds it
can rouﬁineiy be‘carried to high altitudes on 100,000 ft3
balloons enabling the study of the time variations of the

aerosols with relatively small balloons.
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IT. Description of Equipment and Measurement.

A. Equipment. The balloon borne instrument consists

of fourvtelescopes that look in the horizontal direction
each with 14 degree x 14 dégree fields éentered:QO degrees
ig azimuih from each other. This assembly is rotated
béneath'the balloon at a constant angular speed of
approximately 1 revolution per minute as the balloon
floats at constant altitude. During this time the rising
sun traverses the vertical fields of the telescopes.

The intensity of the solar radiation is measured in four
spectral regions as a function of time by the telescopes as
they rotate. The intensities are measured toran accuracy
of 1%.

The construction details of these telescopes are
illustrated in Figﬁre 1. For convenience the telescopes
will be referred to as A, B, C and D for the remainder of
this thesis. Table 1 summarizes the Specfral sensitivities

of the telescopes.

Table 1
Telescope | Aleal | .Al[°A1
A 3670 300
B S 4300 350
c 5950 400
D ! 9100 1400

(A is wavelength of maximum sensitivity and A\ is

the full width at one half max sensitivity.)
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Photograph 1. This photograph shows one of the extinction
gondolas attached to the balloon just before launch. The
upper portion of the load, near the load line, contains the
packaged parachute. The Jones vlugs, which were about to be
plugged in, turn on the entire experiment which is run from
a single battery.
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Photcgraph 2. The short load line and light load
Sim?ITfI§§'Iaunchlng This load can easily be launched
by a crew of three and in fact durlng the course of

these experiments on several occasions was launched
by only two men.
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Photograph 3. The balloon and gondola ascending. The

load is separated into two packages each weighing less

than 6 pounds and tied over 6 feet apart to satisfy the
ballocn flight regulations for light loads. The lower

package only contains the battery.

3+
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Teiescopes A, B and C employ type 929 vacuum phototubes
witH'S—4 respbnse as detectors. Telescope D usés a type 925
vacuum phototube which has a S-1 response. For each
telescope the vignetting curve is measufed by scanning over
the éun before each flight. This ailows one to make a
correction for‘any deviation from a flat response across

the field. This correction is less than 4%.

B. Measurement. Figure 2 illustrates the exponential
extinction coefficient per atmosphere (k) as a function of
wavelength produced by various atmospheric constituents
under good average conditions at sea level. There are three
curves illustrated in this figure, one for the molecular
or Rayieigh component per atmosphere (k « 1/A4), one for
the aerosol component per atmosphere (this curve assumes
k = 1/\ and is normalized to C. W. Allen's (1963) value
at 1u) and the third curve illustrates the atmospheric
abéorption for ozone as a function of wavelength assuming
3mm of ozone per atmosphere. Alsb marked on this figure
are the spectral reéponses of the four telescopes. One
observes that telescope A is primarily sensitive to the
extinction produced‘by the molecular or Rayleigh scattering
of the atmosphere. -Telescope B is also sensitive to the
Rayleigh cdmponent and to some extent the extinction
produced by the atmospﬁeric aerosols. Telescope C is
centered ih £he middle of the Chappuis bands of ozone.
AlongAwith beiﬁg sensitive to extinction produced by the

molecular and aerosol components of the atmosphere it is
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- sensitive to absorption caused by the Chappuis bands.
Telescooe D is primarily sensitive to the extlnctlon
caused in the atmosphere due to the presence ‘of the
aﬁmospheric'aerosol.component;

Figure 3 demonstrates the intensity that one would
expect to observe as a function'ofvetmospheric path for
each of the.fouf telescopes assuming a pure molecular
aﬁhoephere. |

From the flight of April 12, 1967, Figure 4 has been
constructed by plotting the observed intensity from each
of the telescopes as a fuﬁction of the calculated air
mass (air mass calculations will be described in the
next section). One observes the similarity of the data
from telescopes A and B to that expected for a Rayleigh
etmoephere whereas the data of telescopes C and D appear
different. The difference in the data of telescope C
from that expected for a Rayleigh atmosphere is a
reflection of the extinction produced by the czone
component of the atmosphere. The inflection in the data
from'telescope D between 5 and 8 atmospheres is produced
by an increasced concentration of atmoépheric aerosols

above the tropopause as will be discussed in later sections.

IIT. Calculation of Air Mass.

In order to plot the telescope data as a function of
air mass, one must calculate the atmospherlc air mass

traversed by the solar ray before it enters the telescope.

oV
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A knowledge of the position of the balloon as a
vfunction of time, which is determined from thé pressure
measured using an 0lland cycle on'the balloon and from
t:acking the balloon uéing a G.M.D., enables oné to

determine by the use of the Air Almanac the true elevation

angle (q) of the sun as a function of time. The air mass
can then be calculated knowing the elevation angle of

the sun and the geometric altitude of the balloon (hB).
The geometry of the calculation is illustrated in

Figure 5. o is negative for elevation angles below the
horizontal direction.

A. Positive Elevation Angles. For positive elevation

angles, the ailr mass traversed by a solar ray before
entering the telescope at altitude of hy when the sun is.
at elevation angle o is given by:

P (hp)

Ala,h W

) = A(a,0) , for o > 0 | (1)

B
where P(h) is the pressure at altitude h and Ala,0)

is the number of air masses from the surface at elevation
angle o without the‘correction for refraction. Since the
refraction at positive elevation angles is proportional

to the density at the balloon'§ altitude; the correctiOnf
for refraction does not significantly influence relation(l)

and need not be considered for positive elevation angles.
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The surféce air mass A(a,O) has been measured and
calcuiated for’variousiﬁodel atmospheres by a number
~of authors. (Avgood review of £he determination of

A (u,O)‘has been presented by Rozenberg (1966)). For
the present study the author has used the air mass
tabulated by Allen (1963).

B. Negative Elevation Angles. For negative elevation

angles one can calculate the air mass traversed by the
solar beam before reaching the telescope by ohserving
that at the tangent height Qf the ray, hT’ the air mass
to the tangent point is given by: |

o P(hT) v
A(O,nT) = A(0,0} 510y (2)'

But, the total air mass at elevation angle -o is just
twice the air mass to the tangent point minus the air

mass at +ao. ORV

P(hy) - P (hy) ,
A(~u,hB) = 2A(0,0) 5] A{a,0) 50) (3)

In relations (2) and (3), hT is the height of the
tangent ray which is affected by refraction. Its height
can be calculated by an iterative procedure.

C. cCalculation of Tangen£ Height. From Figure 5

it may be seen that the téngent height of a ray with no



Geometry of the air mass calculation.

igure
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refraction is given by

hT.= hB coé @ - R (l-cos a) o (4)
where R .is the radius of the earth. From the tangeht
height for a straight ray (no refraction) the first estimat
of the pressure of the true tangént altitude is determined,
and thus the first estimate of the air mass (A') to the
tangent point traversed by the ray, using equation (2).

The refraction of the tangent ray to the tangent point

is then calculated as

1 v
7565 ¥ .0035 T(h,) | (5)

B =8, A

where T(hT) is the temperature at altitude hT in degrees
centigrade. In equation (5), which is due to C. W. Allen
(1963), 80 is the refraction per air mass and for the
wavelengths used in these experiments has the numerical
value 1 min of arc per air mass.

Since B is a small angle and most of the refraction .
occurs near the tangent altitude one may obtain a second
estimate of.hT from equation (4) by substituting for o
the apparent elevation_angle ~0 +B .

Havihg thus calculated £he tangent height, corrected

for refraction to first order, relation (2) can again be
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used te calculate the air mass correctea for refraction
to first order and then the calculation of the tangent
height ean be repeated and the iterative procedure can be
continued.

A good check on the_ealculation of the tangent height
is offered by the data itself. It is observed that in
flights made at times of goed weather that the signal of
telescope D is first observed at the time when one would
just predict the sun had come over the limb of the earth.
If one calculates the tangent height at the time the first
signal is observed using the above method he finds it is
only a fraction of a km indicating the correction for

refraction has been applied correctly to first order.

IV. Determination of No(h) from Extinctior Data.

The number density times the effective scattering
size of the atmospheric aerosols as a function of
altitude, No(h),can be determined from the extinction data
from telescope D by considering.a model atmosphere
consisting of a number of layers and working out the

"extinction produced in each of the layers as the solar
rays traverse them.

A. Calculation of Path Lengtis. The atmosphere

below the balloon is convenlently divided into a number
of layers by the tangent heights of the observed rays
when the sun is belov the horizon. It is convenient

to index the layers from the balloon down from 1 to k
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and assign the index 0 to the layer above the balloon of
thickness S which is assumed to contain the aerosols
“above the balloon. The.tangent height, hk,.can be
calculated by the method outlined in the previous section
and the geocmetry is illustrated in Figure 6. The path

lengths P., of the jth ray in the kth layver can be

jk

calculated from simple geometry and it is found:

o 1/2
Po=1[{s+2 (h + R} ] (6)

where R is the radius of the earth,
_ ) _ 1/2
Pjo = [(hO + S hj) (hO + S + hj + 2R)] (7)

- [ihy = hy) (b + by + 2Ry 1172

ahd for k > 0

J
_ a 1/2 _ .
Po=20y _y = hy) (hy ) + hy + 2R)] I By (®
' i=k+1
i7#3
B. No{h). Invoking the Lambert-Beer law one has the

intensity I of the light ray after traversing a path
length P when the incident intensity is 1' as:

I =1 egNOP (9)

where N is the number:of scattering centers per unit
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volume and ¢ is the effective cross~section of the average
scattering center.

By plotting the observed intenéity from telescope D
corrected for the Rayleigh component as a functioh of air
mass one can extrapolate to find the intensity at the
top of the atmésphere, IQ; and with the observedAintensity
corrected for the Rayleigh component in the horizontal
direction, Ib, one can invert relation (9) to find

I
(6]
lOge I—O-

(Ncr)O =

P
00

by using relation (6) to calculate Poo'

Having determined (No)o, one can trace the first
ray below the horizontal through the atmosphere, again
using relation (9) along with (7) and (8) to find

I
log & (Nc)o P

e Il 10

(Ng) = . g : .
1
, P11

One can continue to solve for the‘(NG)k‘s using the measurec

intensities corrected for the Rayleigh component, I for

k/

successive lower layers and in general one finds

log. — - 1 (Ne); B

(No), =



Geometry in a layered atmosphere used for determining
No (h) . , ; ~

Figure 6
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In ordef to carry out the above célculation one éan
assume a value for S. In the present work S was first
assumed to be the atmospheric scaie height and then
after the calculation was completed the assumption was
made that ¢ was independent of altitude and the scale
height of the aerosols was determined. This scale height
was then used fpr S and the calculation repeated. Since
a balloon at an altitude of 32 km is above almost all of
the aerosols the choice of S does not critically influence
the results.

As a test of the consistency ofvthis method in one of
the ballcon flights of this series telescope C was
replaced with a telescope D soO that there were two
identical telescopes looking in the infrared wavelength
on the same flight. The data from_these télescopes were
analyzed independently and are plotted in Figure 7.'

Both are seen to give the same result.

V. Data from Extinction Flights.

From the summer of 1965 to early 1968 a number of
extinction flights were made from Minneapoiis and one
flight (774) was made from the Panama Canal Zone.

These flights are summarized in Table II.
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- Table II

Flight Number  Date Flight Number Date
751 7/13/65 782 . 1/19/67
754 7/28/65 783 2/1/67
761 11/20/65 786 2/24/67
767 ?353/66 788 3/10/67
768 8/3/66 791 4/1/67
770 8/24/66 792 4/12/67
771 9/6/66 793 4/28/67
772 9/15/66 794 5/10/67
774% 9/14/66 798 6/21/67
779 12/23/66 801 7/12/67
780 " 12/30/66 813 1/18/68

*'Eanama

- N " N f s
P(mrwvm - g\“ﬁ»_{"r s 7 ";"

The data from these flights have been analyzed using
the method outlined in the abovg sections and No(h) has
been determined at the time of each of the measurements.
Figures 8 through 29 illustrate the NG (h) 's determined
»in‘thése measurements. In these figures the (Nd)k's have
been plotted vs. the tangent height hk for the kth layer.
The curved grid lines on thé background of these figdres
are prdportional to‘lines of'constant mixing ratios for
the atmospheric aerosols if the effeéﬁive scattering cross-
. section is independenﬁ of altitude. The numerical values
| on the lines, thus interpreted, are proportionaiﬁto the

mixing ratio.



Invthis series of vfllgnts the hlgnest concentratlon
of aerosols above the tropopause at Mlnneapolls was
observed in Flight 780 on December 30, 1966. The
observed N in this layer was 6 x 10 ° cm . If one
assumes the average radius éf the aerosols responsible
for the extinctioh was .5u, one calculates the concentration
of aerosols in this layer to be 4/cm3.

An even greatef extinction by the atmospheric
aerosbis (No > 6 x 10~8 cm—l) was observed in Flight 774
made in Panama. This flight was made at the same time
that J. M. Rosen (1968) made direct soundings of the

atmospheric aerosols. He too found a high concentration

of aerosols at this time in the stratosphere above Panama.

VI. Discussion of Results. -

A. Variapility of the Stratospheric Aerosols.

Study of Figures 7-29 reveals the variability of the
aerosol concentration in the stratosphe:e and in a

blayer justAabove the tropopause. This layer is often

seen to contain an increased aerosol concentration.

These variations are in fact systematic in time as is
evidenced by Figure 30. 1In this figure the extinction
coefficient kIR’ determined frbm the data of the D
telescope from each flight when the éolar ray traversed
one atmospheric air mass, is plotted above the date of
e&ch flight. As has been pointed out in earlier sectioné,

k

IR’ the extinction coefficient, is proportional to the
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average concentration of aerosols along the path. The
tangent height of a path through the atmosphere that
traverses one air mass is about‘26 km and is well above
the aerosol maximum.

Figure'30.gives evidence for the apparen£ systematic
change with time of the stratospheric'aerosols at mid-
latitudes. In 1965 the concentration of aerosols was:
seen to be decreasing, in the summer of 1966 this trend
was seen reversed and in each successive flight until
early March 1967 the stratospheric aerosol concentration
was found to be increasing. Measufements in the spring
and summer of 1967 indicated a coﬁtinuing decrease of the
aerosols during thié time and the finél flight in this
series, Flight 813, made on January 18, 1968, again
shows an increase in the aerosols. These variations
do not seem to be annual variations.

As has been previously indicated, the maximum
concentration observed in this series of flights occurred
in Febrﬁary of 1967. The lowest COncentratién wag seen
in the late summer.of 1967. At an altitude of 26 km
this minimum was approximately four times less than the
' observed maximum.

J. M. Rosen (1969b) has indicated his observation of
the decrease in aerosol concentration from 1964 until
late 1967. Unfortunately he has no data during the time

of the increase in late 1966 and early 1967.
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J. J. Kosters, T. G. Kyle and D. G. Murcrav (1969)
have réported'from their balloon flights of June 26,
1967 and January 23, 1967 the presence of a much higher
concentration of aerosols at the time of the January
flight than during the June flight.

The mechanism responsible for the variability of
the stratospheric aerosols during this time has previously
(Rosen, 1969b) been thought to be due to the decay of
the resiaue volcanic ﬁaterial injected iﬁto the
stratosphere in the 1963 Bali explosion. The observation
of a systematic change in the concentration of
stratospheric aerosols by a factor of 4 in a period of
only months casts severe doubt on the credibility of
this model.

B. Scattering Properties of the Stratospheric Aerosols.

Aé was discussed in Section II-B, the slope of the curve

of intensity as & function of air mass for the infrared
sensitive telescope D is related to the aerdsol concentration
at the tangent height of the ray that traverses the indicated
air mass. This slope is called the exponential.extinction
coefficient, k. The exponential extinction coefficiants

for the shorter wavelength telescopes.B and A similarly
reflect the presence of the atmospheric aerosols, but

with less sénsitivity, siﬂce the extinction at shorter
wavelenéths is primarily due to the molecular component

of the atmosphere.
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The data from telescopes A, B and D allow the
'determination of tﬁe waveiength dependence of the
scattering produced by the stratospheric aerosols.

For example, consider the data from telescopés A,
B.and D from Flight 813 (January 18, 1968). This flight
was made at a time of high aerosol concentration as is
indicated by Figure 30. Figure 31 shows a plot of the
observed intensities from this flight as a function of
the number of atmospheres along the ray traversing the
atmosphere at the time the intensity was observed. From
this figure at 2 atmospheres of air mass one notes the

exponential extinction coefficients as summarized in

Table III.
Table III
(Flight 813)
Telescope Alul ktotal kR
A .367 : .75 .51
B .430 .46 .26

D 910 .09 012

The top curve of Figure 32 illustrates a plot of

these total extinction coefficients k as a function

total’
of wavelength A, on a log-log plot. Subtraction of the

extinction coefficient for each wavelength due to the
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molecular component of the atmosphere, kR, (Allen,'l963)
yields the extinction coefficients for each wavelength
as indicated on the lower curve of Figure 32l Assuﬁing
a power law for the wavelength dependence of the
extinction coefficient of the aerosols, k « kn, leads
ton = -1.2 for this flight. |
Similér analysis was performed on the déta from each
of the flights summarized in Table IT on page and the
vresulting n's are plotted on Figure 33 above the date
for each flight along with estimates of the errors
assooiated with each point. The larger errors associated
with the detarmlned n's for the fllghts in the spring and
summer of 1967 reflect the small concentration of aerosols
found to be present in the stratosphere at that time.
Insight into the significance of these results is
obtained by considering the expected extinction as o
function of wavelength from a distribution of aerosols
that has a number density as a function of particlev
size, N(r), such that

N{r) « r®

where r is the radius of the aerosols. For such a
distribution one finds

an = ¢ %1 gy

particles present per om3 in the size range dr where C

is 'a constant. v ¢
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For a power law distribution in particle size cne
can show that the total extinction coefficient, k',
(the total cross~section per cm3)_has the same wavelength-
dependence no matter what the form of extinction curve,

Q(xr), for the particles. This can be seen since

k'() = | 7r? o(r) aw.

Thus, by substitution
o<
K'(A) =7 C g 3§5) dr
0 .

or changing wvariables

' a+2 ~
k') =7wC (%;) 1 ox) ax.

0 .
If this integral converges*, one then has that the

wavelength dependence of the total extinction

K' o« \D

is such that_

n=qo + 2.+

*For the case of small dielectric spheres, H. C. Van De
Hulst (1962) has demonstrated the convexrgence of the
- integral when -6 < o < -2.

"Volz (1954) has given the empirical finding that n=-1 to
-2 gives o = -3 to —-4. He has also made numerical
integrations with limits other than 0 and «.



Referring to the data presented on Figure 33, the
exponent of the.power law size distribution varies
between -2.6 and -4 and is in the range reported by
Junge (1963). During the decrease in the concentration
in the last half of 1965 the size distribution of the
aerosols was cbserved to be flattening. This may be
indicative of a coagulation of the resident stratospheric
aerosols. In the later summer and fall of 1966 when the
concentration of the aerosols was seen to be increasing
the size distribution remained flat for almost two months
and then became steeper. In the spring of 1967 as the.
concentration decreased the size distribution femained
steep and gradually flattened again perhaps giving some
evidence for coagulation taking place.

The open point con Figure 33 is from the data of
Flight 774 over Panama. The size distribution for the
aerosols above Panama wés seen to be similar to those at
the latitude at Minneapolis even though the concentration

was several times higher.

_VII. The Ozone Problem.

Using the data from telescope C, ﬁhich is centered
at 5950°A_in'the middle of the Chappuis absorption band
of ozone, one should be able to determine the ozone
concentration as a function of altitude by using analysis
siﬁilar to that which has been described to determine the‘

aerosol concentration.
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The extinction observed with teléscope C is principally
due to the absorption of ozone, bu; in part it is also due
to molecular scattering and scattering from the atmospheri¢
aerosols. The amount of ektinction from these components
can be subtracted from the total observed extinction using
the data from the other telescopes to determine the |
extinction as a function of wavelength for the aerosols
since the molecular extinction or Rayléigh scattering is
iNOWN.

A. The Sunrise Effect. A significant extinction is

produced by the ozone which'is above‘the altitude of the
balloon. The data from all of the sunrise extinction
flights indicate that the extinction produced by the

ozone near the balloon's altitude and above the balloon
does not follow Beer's law. Examples of this can be seen
in the data of telescope C of Flight 792 presented in
Figure 4, and that from flight 813 seen iﬁ Figure 31.

The observation of non-exponential extinction could
indicate that the ozone above the balloon is diminishing
with time or that the absbrption cross-section of this
atmospheric component is either pressure or temperature
dependent.

The apparent.non~§xponentiél extinction seems not tb
‘be an instrumental effect since teleébope C employs
construction identical to the other telescopes using

the same type vacuum phototube as the A and B telescopes.

o
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Only its filter, which determines its wavelength, is
different. In the early sunrise flights wratten filters
were used.v Later instruments employed glasé filters
with the same transmission spectral characteristics.

The data from the A and B telescopes for all of the
flights demonstrate the exponential extinction behavior
for the molecular component of the atmosphere.

Experimental evidence by Vigroux (1953) and Humphrey
and Badget (1927)‘indicate the absence of preésure and
temperature effects on the cross-section for the
Chappuis band. No lines are resolved in the Chappuis
band and therefore it seéms»unlikely that it has a non
Beer's law type of band transmission.

Calculations have been made for layers of ozone just
above the.balloon to see if the presence of a thin
concentrated layer of ozone could produce the observed
extinction. The absorption in a 2 km thick layer just
above the balloon would not accountifor the observed
extinction by almost a factor of two. The effect of a
thicker layer or a layer at higher altitude is to reduce
fhe difference of extinction between different elevation
angles.

To check to see if the sun reduces the ozone above
the balloon after or during sunrise two balloon flights,
Flight 823 and Flight 824, were made using standard

extinction instruments. The first of these flights was ,



a sunset experiment on November 17;.1969 followed on
November 18 by a sunrise flight. If the effect described
~above is indeed produced by sunlight on the ozone above
the balloon, one should not expect te seevit in the
sunset experiment. The data ffom the ozone sensitive
tubes for the two flights as a function of the airmass
is shown in Figure 34; In the sunset experiment the
high altitude ozone above the ozone maximﬁm is cbserved
to produce an exponential extinction. This indicates a
constant mixing ratio of the ozone above the ozone
maximum which is seen to be at an altitude of about -
25 km., the altitude of the tangent ray traversing
1.4 atmospheres of airmass.

The data from the sunrise flight 824 when fit with
the exponential extinctiqn coefficient observed in the
sunset flight 823, indicates a 27% change in the ozone
above the balloon due to the sunrise effect. Since at
balloon altitude of 33 km the balloon is above all but
about 15% of the ozone in the aﬁmoséhere, the sunrise
effect should only be expected to produce about a 4%
change in the total ozone. Mantis (1970) has looked for
the change in the total atmospheric ozone at sunrise by
observing the absorption in the 9.6yu ozone band of:the ther
 radiation from the moon dufing sunrise. At the time of
his observation the mpon WaS~near the meridian. He reports
that no more than a 2% change in the total ozone could be

made compatible with his measurement.
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This apparent inconsistency in the>tﬁo observations
perhéps can be explained if soﬁe of the ozone from just
‘below the balloon were redistributed in the atmosphere
to just above the balloon during the night. It is hoped
that future experiments that méasure the ozone
concentration at balloon altitude during sunrise and
future extinction measurements to higher elevation
angles will shed light on this problem.

B. The Cross~section Problem. Analysis of the data

from the sunrise extinction flight, making allowance
for the sunrise effect, produces verfical distribution
curves for ozone similar to thosé that have been
reported by Kroening and Ney (1962); however, an absorption
cross—section approximately two times smaller than
Vigroux's (1953) wvalue of 4.7 x 10—2l cm2 per atom must
be used to find the same order of concentrations as
these investigators; |

In order to determine the value of the Chappuis
cfoss~section two simultaneous balloon flights (Flight 825
and Flight 826) were made on Decembér 20, 1969. Flight 825
carried an extinction instrument of the type describedi
in this thesis and Flight 826, which was flown by
.J.'Kroehing, measured the ozone concentration during
ascent before sunset and during descent after sunset.
~Both of thesé flights indicate the falloff of the ozone

with constant mixing ratio above the ozone maximum.
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vanfortﬁnately{ the Olland cycle on.Flight 825 stoﬁped

and the altitudevof this flight can only be determined
from the extinction data observed Qith the ultraviolet
telescope. Taking into account the possible‘calibration
erroxrs in Krdening's results and the possible errors in
determining thé altitude of Flight 825 the data indicates
that the Chappuis cross-sections should be reduced at
least by 2 and perhaps by as much as 6 from Vigroux's
value. It is hoped that future experiments will

determine the value of the cross-section with considerablé

more precision.



