UNCLASSIFIED

AD NUMBER

AD612572

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational use; 1961.
Other requests shall be referred to Office
of Naval Research, Arlington, VA.

AUTHORITY

DoDD 5230.24, 18 Mar 1987

THIS PAGE IS UNCLASSIFIED




PRINTED FROM :

' SPACE RESEARCH III

]
i
I

| PROCEEDINGS

[ OF THE THIRD INTERNATIONAL SPACE SCIENCE SYMPOUSIUM
| ' WASHINGTON, APRIL 30-MAY 9, 1962

AD612572

b

HARD COPY  §.
MICROFICHE  §. —

T

/'3/

[COPY _ > OF -2

y e P

EDITED BY

- W. PRIESTER

TECHMN:CAL RZPORT

HIGH ALTITUDE GESERVATORY
"~ ONR CONTRACT
N ONR - 393(c5 )

g«‘; L ' i -“...!‘.,,.j.. uoo —~ B
. ,963 . T o ST Tt e e e
NORTH-HOLLAND PUBLISHING COMPANY—A RDﬁM .

reproduc s i whols or i [t ie permitted f«‘N N
purpose of the Umited States G_vornment. N

N




INFLUX OF METEOR PARTICLES IN THE UPPER ATMOSPHERE OF THE
EARTH AS DETERMINED FROM STRATOSPHERIC CORONAGRAPH
: OBSERVATIONS

G. NEWKIRK, Jr. and J. A. EDDY *
Department of Astro-Geophysics, High Altitude Observatory, Boulder, Colo., USA

Abstract: This paper reports the observations of sky brightness near the sun at altitudes
up to 28 km, using balloons. From the observed brightness the purticle density
is deduced as a function of altitude and divided into a component diffusing up
from below and one settling from ahove. The deduced influx of particles in the
size range of 0.1 to 2.8 microns radius is compared with rocket and other observations.

Peamue: BB 310R paGore coofuiaroTca AsHHBC HaGAOIeHHil APKOCTH Hebu
B6.1H3n Coalua Ha BHCOTAX Bbillle 25 KM, NTpOoBeJeHHbe NPH MOMOLIH WAPOB-
sonaos. Ha uaGiogenufl APKOCTH BHIBOIKJIACH IUIOTHOCTh YSCTHUH KAK
hYHKUHS RHICOTH H DPAJNLIAIAChL HA KOMIOHeHTH, IHDDYHIHpYOMmHe
cBepxy. BuinejleHHb MoTok YyacTHL patiycoM (0.1-2.8 MHKPOH CPaBHHBANCHK
CIAHHNMH HAG.TI0IRHHH PAKCT U CNTYTHHKOB.

1. Introduction

As part of a program to investigate the feasibility of coronal observations
from balloons the High Altitude Observatory has flown an externally
occulted coronagraph up to heights of 82 000 feet to measure the angular
and the wavelength distribution of the daylight sky. As will be demonstrated
in this paper, the sky radiance close to the sun is of interest not only to the
instrument designer, who is concerned with the contrast between a target
such as a planet or an artificial satellite and the sky at high altitudes, but
also to the astronomer, who can make inferences about the sedimentation
rate of meteoric material into the upper atmosphere. These inferences can
serve as a valuable complement to the direct determinations of meteoric
influx made from rockets and satellites.

2. Observations

The externally occulted coronagraph (fig. 1) used in this investigation
was a modification of the instrument designed by Evans (1] and used

* Presently at National Bureau of Standards, Boulder, Colorado.
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by one of us [2] for ground-based observations of the solar aureole. The
instrument proved to introduce scattered light of radiance no higher
than 10-% of the mean radiance of the solar disk. This represented an
improvement of approximately a factor of 200 over the ordinary coronagraph.
The balloon-borne coronagraph was directed at the center of the solar disk
to within an accuracy of + 1 minute of arc by the guiding gimbals developed
and used in Project Stratoscope I (3, 4, 5, 6). The basic datum from the
instrument consisted of sky radiances recorded in three ways: (1) photo-
graphically at scattering angles 9.°8, 20.°7, 31.°4, 40.°6, and 57.°8 from the
oenter of the solar disk at A=0.44 4 with electric vector vibrating perpend-
icular to the scattering plane, (2) photographically at scattering angles
from 1.°67 to 2.°8 with a low dispersion spectrograph covering i10.37 u
to 0.79 4, (3) photoelectrically at a scattering angl> 10.°3 at 1= 0.52 u. The
spectrograph and the photoelectric photometer recorded total radiance.

" 'Standa-dization was provided by a sunlit, calibrated, opal glass and step-

wedge combination which was photographed simultaneously with the spectro-
graph and the 9.°6 to 57.°8 fields. The photoelectric photometer was
standardized frequently in flight with a calibrated opal illuminated by sun-
light. An example of the variation of sky radiance with height at one
scattering angle appears in fig. 2. The observations are compared with what
would be expected, were the sky rudiances measured in a pure molecular
atmosphere with three different models of the radiation originating from
below. Both the observations and the calculated values, taken from [7],
include the effects of the variation of the solar zenith distance during the
flight. Attention is called to the sharp approach of the observed sky radiance
toward the calculated values above an altitude of 65 000 feet.

3. Interpretation

In order to interpret observations such as those shown in terms of the
size distribution of aerosols above the balloon at any moment it is necessary
to solve the equation governing the transfer of radiation through a turbid
atmosphere. To this end, Sekera [8] and Deirmendjian [9, 10] have demon-
strated the convenience of dividing the equation of transfer into two simulta-
neous equations — one describing the intensity due to scattering by the
molecules and the other describing the intensity due to scattering by the
aeroeols. The first, governing the intensity in the pure molecular or Rayleigh
atmosphere, has been solved by Chandrasekhar [11] and tabulated by
Coulson, Dave, and Sekera [7]. By considering that, insofar as the overall
transfer of radiation is concerned, the Mie scattering in the upper atmosphere
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fepresents a small perturbation on the solution of the Rayleigh problem, we
can use their tabulated solution. Subtraction of the radiance of the pure,
molecular sky from that observed then yields the residual sky, which is
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Fig. 2. Photoelectric observations of the sky radiance at a scattering angle of 10.°3
at 3 = 0.52 u. The “hook” at 82 000 fcet was produced by the variation of solar zenith
distance during the floating period of two 1. ars. The observations are compared with
three models of the radiation from a pure molecular sky.

ﬁttributed to scattering by the larger particles. By assuming that the irradia-

tion of Mie particles by the rest of the atmosphere and by the ground is
negligible and that 4 ~ u_, we can write an approximate equation

B! o :
| ,.-B:‘i- = o § N WU (s, g dr 1)
. where
p=cos Z,

Z —zenith distance of the point in the sky,
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By . radiance of the sky at height A, in the jt» polarization state, as due to

the scattering by large particles,

B_ - mean radiance of the solar disk observed at the height A,

@ -solid angle subtended by the sun.

A - height in the atmosphere.

(v, §)=Mie scattering intensity function in the j» polarization state,
for a spherical drop of size parameter . of refractive index m,
scattering through an angle ¢ (sce [12] for & complete definition).

¢ - scattering angle counted from the direction of forward scattering,

& - 2ar(1 = size parameter of the droplet,

XN(r, A) = particle concentration in a column above height A with radii between
r and r+dr.

The unit of N is cm-2 per micron dr. The usual convention is that j=1
refers to radiation with electric vector vibrating perpendicular to the
scattering plane while j=2 refers to radiation with electric vector, normal
to this plane. Calculation shows that the errors committed by using the
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Fig. 3. The relative angular distribution of the light scattered by large particles for
altitudes above 30 000 feet. All scattering diagrams have been normalized at ¢ = 2°
a to relative intensity of 8. The aigebraic mean of the measurements also appears.
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simplified equation in the stratosphere are of the order of 15 percent. Since
most of the published Mie scattering coeflicients are for m =1.33, we have
made our interpretation in terms of the scattering by spherical water drops.
All particles are considered to have their radii between the limits r; and rs.




Al JINFLUX OF METEOR PARTICLES IN THE UPPER ATMOSPHERE 149

e size distribution of the scattering aerosols is taken to have the form
wh N = No (r/rs)>, 2
0=0, r/ra<l,
1 4==9, rfrs>1.
Junge [13] and his collaborators [14, 15] have found by direct sampling,
and Vols (18], Newkirk [2], Deirmendjian (9, 10], and Volz and Bullrich [17]
have inferred from optical measurements that such a form adequately
deacribes the size distribution of atmospheric aerosols. In principle, the
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Fig. 5. A comparison between the particle size distribution at 66 000 feet determined

optically on 10 September 1960 and on 3 October 1980 and the limits of particle .

concentration set by Junge and his collaborators by direct sampling techniques. The
optical determination is ambiguous/for r < 0.1 s.
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angular distribution of the residual sky, such as appears in fig. 3, should

determine the parameters ry, r2, r3, and 4 of the size distribution. In fact,
however, a certain ambiguity is inherent in the problem. This is demonstrated
in fig. 4 in which the angular variation of seattered light from aerosols with
different size distributions is demonstrated. A comparison between the
observed angular distribution of scattered light and that calculated shows
that the models displayed could hardly be distinguished on the basis of the
observations. Clearly, the observations allow nothing to be said concerning
the size distribution below a radius of approximately 0.1 u. Between r=0.1 u
and 3.0 u, however, the size distribution is fairly well determined, and the
parameter 3 is established as 3< 44, Examination of the wavelength
distribution of the residual sky does little to remove the ambiguity con-
cerning the smaller particles. In spite of these difficulties, the optical data
yield a size distribution for particles in the upper atmosphere which is quite
consistent with that obtained by direct sampling (fig. 5).
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Fig. 6. Observed variation of particle concentration with height for r = 0.15 pn
determined optically on 10 September 1960 and 3 October 1960 and by Junge and
collaborators by direct sampling.
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By differentiation of the size distributions with respect to height, one
can determine the particle concentration at any particular altitude. The
result of such an analysis appears in fig. 8, in which the variation with
height of particles of radius 0.15 u is shown. This particular radius for the
particle was chosen in order to allow a comparizon with the direct sampling
results. Quite clearly, our observations confirm the counclusion of Junge and
his collaborators that an aernsol layer at a height of approximately 65000
feet exists. The form of such a layer suggests that the majority of particles
in it are of terrestrial origin and that the maximum is due either to the
concentration of particles by advection or by in situ formation.

4. The net vertical flux of particles

The sharp drop of particle concentration with height above the maximum
of the aerosol layer can be further interpreted under the assumption that
a steady state prevails and only two mechanisms-- diffision and sedimenta-
tion —govern the flow of particles. Junge and his collaborators [14] write
the vertical flux of particles y as

d'.

Yy = "'w.'—ndz

D, (3)
where

ne = concentration of particles of radius r,

w, = fall speed of the particles of radius r,

n -- concentration of air moiccules (number per cm3),

», = concentration of particles relative to the concentration of air mole-
cules,

D - diffusion parameter.

The fall speed is that given by the Stokes-Cunningham relation [18]
while the diffusion parameter contains the effects of both eddy and molecular
diffusion. Within the layers of the atmosphere of concern in our problem.
eddy diffusion is dominant [19]. The solution of eq. (3) in an atmosphere
of ncale height H yields

] 1
N = Meg e—lla—({(r/mdz' . %{' -~ e-'{ m/mdx'} , 4)
where the concentration is ne at z=0. The effect of increasingly large values
of the diffusion constant D on the variation of particle concentration with
height appears in fig. 7, in which the diffusion is considered to occur from
a height 66 000 feet. By interpreting the observed drop in particle con-
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centration with height above the maximum of the aerosol layer as due to
the mechanism of sedimentation-diffusion, we can determine that the
diffusion constant D from 68 000 to 80 000 feet lies in the range 2000 cm?/sec
<D -210 000 cm2/sec with the best fit for D ~ 5000 cm2/sec. This value is
in rough agreement with the D ~ 103 estimated by Lettau [19] for temperate
latitudes from models of the representative zonal circulation and the lapse
rate. The fact that the slow decrease in concentration of the curve m (fig. 7)
is not observed indicates that the majority of the particles in this height

‘range are not of meteoric origin.

However, the additional assumption that D is constant above 80 000 feet
allows the calculation of the total concentration (in the em2 column) overhead
of particles with radius r which have been carried aloft by diffusion. (In
fact, the usual profile of temperature vs height above 80 000 feet would
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Fig. 7. Variation of relative particle concentration with height above the maximum
of the aervsol layer (taken at 66 000 feet) to be expected if sedimentation-diffusion
equilibrium applies. A constant influx of meteoric material is assumed, and the con-.
centrations are calculated for several values of the diffusion constant D. If the only
source of particles were the sedimentation of meteoric dust with influx rate y, the
concentrations m would be obeerved. - e T
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lead to the expectation that D should decrease slightly with height.) This
calculation yields column concentrations for 0.1 u<r <3 g which are below
those required by the scattering ohservations. In other words, the air above
80 000 feet contains more particles in this size range vhan can be explained
by diffusion from below. The origin of the excess particles is to be found in
the sedimentation of meteoric material downward. Thus, for a particular
value of D, the observations lead to a value of the meteoric influx y. In
fig. 8 appears a comparison between the meteoric influx derived in this
manner for 0.1 u<r< 3.0 1 and as determined by various rocket experiments.
The balloon measurements agree with the more conventionally determined
meteor fluxes but are somewhat divergent from the “Venus Fly Trap” [20]
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Fig. 8. Comparison of meteoric influx rates inferred in this paper with influx ratee
inferred from the rocket “Venus Fly Trap” [20], satellites [21], visual and radar meteors
{22], zodiacal light [23) and visual meteors [24]. The higher HAO curves refer to the
results of 10 September 1960; the lower curves, to 3 October 1960. For D = 2000 cm?/sec
the solid HAO curves apply, while for D = 10 000 cm?/sec the dashed curves apply.
The lower limit for particles to remain in the solar system against radiation preesure
and the upper limit for particles to survive the passage through the atmosphere (25]
are indicated.
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reroits, The canse of this difference is unknown. Our analysis also seems
E ' to confirm the calculation of Whipple [25], that only particles with radii
greater than about 4 s are destroyed in passing through the atmosphere.
This study was carried out under the auspices of the Office of Naval
Research, Contract No. 393(05).
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