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A 1a. ge modified polar nephelometer was constructed for thé purpose of mak-
ing high zltitude atmosbhei-ié optics measurements, The instrument is balloon-
borne and measures the angular volume scattering {unction from ground to betier
than 25 km-in absnlute qva: w.ties. The.results of the initial flight with the unit
are presented and they depict the variability.in this parameter.over the altitude
prafile for three scatiering angles &rid four }va{'t-l’é:igtiis. In 2ddition, the-polari-
zation and the forward=to-backscattér ratio 6f the séattered iighbar’e shown to be

. . séngitive: indicators- -of the atmosphcrﬂ's veruml aerosol. structur-. The-import -

of these ;,re.kmm. ry-Tesults is, howe ever, in: pomtmg out the capabxhiies of this

Anstrument, which can:provide quantxtatwe mformatlon on fundamental opacal
7naran‘erers af‘the atnior phere without the constraints inherent-in-other techmques.
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Atnmios; “eric Optics Measurements With o
Balloon-Borne Nephelometer

1. INYRODUCTION

Experimental investigatiofis of ultitude variations in the cptical scattering -
propertiés of the atmosphére usuall- involve measurements of the extinétion co-
effiéient or the apgular +lime scattering function, g3{38}. The latter quantity is

-the more difficult to feasure accurately as it represents the amount of lighten -
irradiated.volume element sends out in a particular direstion. This places strin-
gent requirements on the measurement apparates, if reliable results are to be
obtzined, since the angular distribution of the scattered light as well as its vave-
length and polarization depend on sundry properiies of the air molecules an¢ aero-
sols contained in the volume element. These properties include molecular and
aeroasol number densities, size distribution, refractive index; and par:icie shape,
In situ measurements ¢! 3 (4} io high aliitudes thus provide infermation oa funda-
mental atmospheric paraineters and their variability wia aititude,

Generaliy, methids for measuring 3 (é) have used aataral or artificial light
sources. With the sun as the source, the luminance of the horizon in various
azimuths-is observed or the sky radiance is measured in the sun'’s vertical.
Moreover, the sky radiance at an inclination to the sun’s vertical provides a direct
measurement of the seattering function for the entire atmosphers, hHom which the
2ititude devendence can be determined under certain conditions (Bulirich, 1384).

{Received for publication 18 August 1971}

A SR

i
PO LG wniftnnns ot

'

3z
E
z
z
=
f=d
=
=
=

b

i

!

il
i

m«% L1y Wiffl’ﬂ‘ ﬂ‘g.

[l

b




bttt g it

o

However, ihese radiance meastrements invoive integrating the total atmospheric
Tight path, which renders the resulis unreliable, primarily because of multiple

More accurate data have boen obia ed with artificial sources such as search-
lighis or nephelomelers, Although searchlight and laser radar techniques

{Eliterman, 1865 Collins and Ligda, 19466; Ciemasiia of aj, 1947; Grams and

Lissco, 1847} provide good profilss of ihe extinction or attenuation coefficients

bt vt A0S _oten sl

funciion of altitude, the voivme scatiering funciion can be ascerizined expli-

cisly for only a limiied range of backscattering angleés from these trpes of dats, -

o

Agais, long cptical transmission paibs are involved and the atmaospheric trans- E

mission factor enfers rather cruelally into the instcumentz} calibration, Nephe-
lometers, which measure :§z » volume scat.ering funciion difectly, obviate these
fiffic-lties. On the one hand the measurements are confined io a smzll volume
of armosphere, thereby precivding (ransmission path m‘abiema. and on the other

(

in _.ng;..::d, Waidram \Iﬂ;--l‘ used a noiar rephezome’cr aboard an sircraft—

and later on a tethered balicon—io deiermined 3 {6} as o function of attitude up -
to %km. 1In Ausivaiia, Crosby and Koerber (1§62} made measurements witha
haiioon-borne integrziing nephelometer up to arcend 3km;  Although nephelometry- z

o

is widely used In.ground-based experiments, higa altitude measurements of 3{$) . -

i

have generally not been attermmpied due to instrumentation dzifu:u).ues. Ho&wexer,

)

itk the advent of intense light Sources that are operabie in this exireme chiviron- -

4

meni, a bilioon-borne polar nephelometer presents itself as anxde&l inistrirhent

{

for making quantimative atmospheric optics me:_suremema . B

s oag gyt

Under centract-from AFCEL, Specira Metrics; Inc., B:.rlm'rfoez_ Alassachusefis,

designed a madified polar nephelometer, with detectors fixed at five Scatliering B H
high-aliitude talloon measurements. From Xevember 1967 {o ilovember - - 'g

1255, a series of experimenss was conducied fo altitudes of approximately 2t km - L :E
with Hmiied success, In view of the small conzenirations of aerosol ;‘}arucses =
{perkips 6.02 r_-m'zi ihacan occur over the zititude prefile, an instrument approx B : ,:_:i
imately 3 meters in dlameier was riyuired to provide a sufficiently Iarge scatier- N é
7y volume, ;‘3zsiihs:ans§'r:§ e censtructional problems thas #nfzu}s, the prime . “g
-bstacie *» reliable daia apuareniiy came {rom the use of a pulsed light source. =
Singe the puise é:ratm:: was 200 usec and the detected signals were xme"tazed ) R «fé
over his inferval, the noiss bandwidih could not be limBted—the two being inversely .

relzied, Furthermove. when observed for shor: time iniervals. Scatiering b¥ in- -
dividual pmi.icles in the palse volume is inherently noise-like, This resulisin sig-
very meaningfal statisticaily, paricularly at the low -xgnal Ievels

very low aerosol conceniraiions,




As an outgrowth of this effort, a nephelometer was constructed in-house at
AFCRL with generally the same design concepts as the Spectra Metrics unit, but
with some important modifications, The basic elements of the AFCRL-designed
instrument are a xenon light source, operated CW, and five identical photometers
mounted on a 3, 3-m-diam octagonal gonriola., The photometers measure the light
scattering at 22°, 45°, 90°

250 cm3) defined by the intersection of the source and receiver beams. The source

' 1350, and 157° from a volume of atmosphere (about

beam is modulated at 22,5 Hz and a.c¢. synchronous detection employed to restrict
the noise bandwidth and thus provide a considerable improvement in the signal-to-
noise ratio. The scattered light is detected at four wavelengths (4750 R. 5150 R.
6600 &, and 7450 &) with an S-20 photomultiplier in each photometer, and the data
output was recorded in-flight on magnetic tape. To remove the restriction to
nighttime operation—a limitation on most atmospheric scattering measurements
in the visible spectral range—the gondola was designed in such a manner that sun-
light was completely excluded from the measurement volume.

On November 3, 1970, at approximately 1155 hours, the nephelometer was
flown to 26 km from White Sands Missile Range, New Mexico, as one of the sub-
systems under Project ATOM. This report gives the results of the flight and
indicates the capabilities of the nephelometer approach for providing a good profile
of the volume scattering function as a function of altitude, wavelength, and scatter-
ing angle. Moreover, the light polarization properties of atmospheric aerosols arec
shown to offer an excellent signature for the presence of dust layers, thus corrob-
orating changes in scattering function occurring as a consequence of the aerosol
contribution to the total scattering., Time lapse horizon photographs were also
made during the flight, and these further verified the observations discerned from
the nephelometer data.

2. THEORETICAL CONSIDERATIONS

A beam of unpolarized light with intensity E(Wcm'z) incident on the scattering
volume V(¢) produces a radiance at the scattering angle ¢ given by

1

1(¢) = B(é) E V (8) (W sr ™) (M)

1sr'-:l). B(4) is siriply the
fracticn of the incident lignt scattered by molecules and particles in the volume

V(g).

where ((¢) is the angular volume scattering 1unction (cm_



For a system in which the source and receiver are imaged at the scattering
volume, the radiant power at the«photometer entrance aperture of area A at a
di=tance R from the scattering volume is

£ (o = MAEHIE . ‘ ) (2

Now V{8).is defined by the intersection of the source beam and the detector field

of view and, for a particular scatteriug angle, is fixed (see Figure 1), Similarly

E, A, and R, as well as the transmittance of the receiver optics (lenges, filters,
etc,), are design constants that in the actual experimertal measurements arée lumped
together in a calibration factor for the instrument. Asa result, if the instrumental
response to re¢eived energy 1s linear the only remaining variable-is 8(g) and the
response can be.expressed as

LIERES TNCO R S e

where K| is the calib’raiibn factof -for a photometer :;t'scafterihg an‘gle é with-a
'spect*'al filter of wavelength \. This factor.is determmed in absolute quantities;
in-the laboratory. so-that 3. (_65-) is ascertained.absolutely from the recgrdgd output
data, N :
The angular distribution of the scattéred light is usually expressed by thé phase
function, définied by . ) ; -

The- ihtégfal ‘in.the denominator is the total scattering coefficient o (cm . Since
air molecules and aeroqols sc ~stter thé 11gh' -independently, we may irite the total
‘scatiering. furiction as B,(3) =0z P {8, )+ & P\ Px(4.) where.g , is the- ‘Rayleigh
scattermg coefficient (cm'l), and P (o“) is ‘the ﬁormalwed Rayle1gh phase functicn
(sr 1,, O'PA is the aerosol scattermg coefﬁcmnt(cm Y, and P. (é ) is the normalized
aerosol: phase func‘non{sr ). The Rayleigh phace function 1s given by
P(O)——é—(l+ro=o) - (4

Moreover, the Rayleigh scattering coefficient Gy is well known and given in the
literature (Elterman, 1968). Thus in principle ;’3\(65) and thereby o5 P4} can be
determined from the response W(-:Ss), once the factor K is deterwnined from the

instrument calibration.
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LIGHT
‘SOURCE

= Figure 1, Scattering Volume Geometry

= Equaticn (4) gives-the Rayleigh-phase function for the total scattéred light, i E
'vé which.i& 5imply one half the sum of the verti¢al and horizontal coriponents-of the _ : E
" 2 - light polarizéd-by scattering from-air molecules, The degree of polarization:is :

given by-(see-for example, -Borh and Wolf, 1959} B

, A
bt 1 e B2 1 v ettt st

1-1, 1 -coszcj sin%a

= Plg) = v H =5 _ . 5 : {5)

= N TT AL je e oqan2, ! ~ .
=1 v "H 1l4cos 9, 1*cos ¢,

it

i

which predicts complete polarization at a séattering angle of 90°, and suggests
further that departures from it zre atiributable ‘o non-Rayieigh scattering, that ) :
is, srattering from-atmospheric dust or aerosols. One surmises, therefure, 7 :
that if the ratio of -the vertical and horizontal components of the scatiered light is

determined, it will provide a measure of the degree of polarization, a rather
sensitive indicator of aerosol scattering,

2ty Basin

Another parzmeter that serves as an indicator of aimospheria particulate
matter is the forward-to~-back scatter ratio, This follows from the fact that
Rayleigh scattering is symmetrical about the 20° scatiering augle, as can be seen

from an inspection of Eq. (4). For example, the phase function is the same for

i,
§

0

el
R

oy

RET™




bt

it it

B

4

y 1
EsH st
;

o
‘:ﬂ;t

»

4

AR

W

LZE e

RIS DARE RS

[

scattering at 45° and 135°, The ratio of the 45° volume scattering function-to the
135% volume scattering function should thus be unity for a pure Rayleigh 7atmas-
phere, and valuas greater than unity are a result of aerosol scattering, We have,
thercfore, three independent measuremeonts—the volume scattering function, the
polarization, and the forward-to-backscatter ratio—from which the vertical
distribution of atmospheric aerosols can be ascertained.

3. CALIBRATION

A unique method for-calibrating the polar.nephelometer was developed by
Pritchard and Elliott (1960). It entails comparing the intensity of the light-scat-
tered by the atmosphere with the intensity from a thin diffusing screer of known -
refledtance and transmittance, “The screen-is placed ifi the sample space, that
is, the common volume, -and the intensity of the light reflected or transmitted is
then recorded as thée screer 35 moved through thé volume, This results in a .
curve characteristic of the source-receiver neam geometry at a given scatiering
angle? ithe area under the curve provides the ca.libéa‘iio:i factor for détermiiiing
_ the inteasity of the light scattered by an étxiiquheri_c sample under the same _
conditions of arzie and wavelength, Figure 2 shows a typical curve.
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RELATIVE SCREEN SCAN -DISTANCE
{1div =14lcm)

Figute 2, Calibrution Curve-for 7450 & {V).and 7450 & (H) at 135°, Reading Left
to Right, Forward and ackward traversals of the screen are shown
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Since -preof of this calibration technique is given by Pritchard and Elliot, it

is only necessary tc state the result here,

It is shown that the volume scaitering
functicn in absolute quantitics is given by

Rcosy! seay" ' W, R
B = —————————T[cm Lor '17

(6)
RN :

u}hgre R is the reflectance {for backscaiier) or transmitiance {for jorward scat-
ter), v’ is the angle of incidence of the transmitter beam, that is, the angie

- between the normal to e screen and the tragsmitter axis, ¥" is the angle Leiween

the normal to the screen 2nd the receiver axis, I W, <9y is the recorded integral .
referred to above, and W is the instrumental rc;oonse due to a volume of atmos-

. phere, To compare ‘Eq. (6) thh Eq. {3), we se¢ that W, ‘k{é;) and the cahbi‘a-
tion factor of the instrument is

; 1 _ Rcosy’ cos®’ -
x =g = — - - ] ( i)
Ky =Y eY%- -

- {In the particular nephelometer configuration used, v =7v'* = ¢ . 12.)
- TlLe salient feature of the calibration technigue is that it’ rcqu“ires no assump-
-tions regarmng sampling ‘Volume; uniformity of fllumination, or equipment sensi- . R
uvity. Yoiwever, ophcal attentiators used to: ‘réduce- the $ource infensity- dunng -

the nephéloimeter calibration can introduce systematxc errors if their attenuation -

is ot measired preczsely. Finaily, once the vulue of K is determined as a function

of scattering angle and wavelength, the corresponding vahies 6f 'ﬂ@s} are calculable, -
in absolute value, from-thé instrumental response by using Eq. (3).

¢

i" ol ;‘iir‘lg }({;]} il 'K‘d!

3, INSTRUMENTATION -

i
A

re 3. An un-
polarized 150-W xenon light source manufactured by ILC Corpcration provides 2 -

uniformly iliuminated project area 5, 7-cm square at the center of the instrument.
The source was operated CW, but chopped at 22.5 Hz o give intensity modulaiion

and thereby allow synchrenous detectivn as a means of suppressing unwanted
signals, ’

A diagram of the nephelcmeter configuxé!ion is shown in Figur

o g
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I*igure 3, Balloon-borne Nephelometer Schematic

LIGHT PIPE
ENTRANCE
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REF. S(G. OIVIDER
REFLECTOR GLASS wWINOOW SIGNAL
— =\ OUTPUT
EMi 9558
-——— — e —— — —— —{ |PHOTOMULTIPLIER E
\ZOV oC
M INPUT
2TvDC \AIR INLET
MTR(GLOBE) \ VALVE
- c }
GENEVA EIGHT-POSITION PRESSURIZED
DRIVE MECHANISM FILTER WHEEL SECTION PM TUBE 12KV

PWR SUPPLY (TEC)
SWITCHING RELAY
AND AUX. COMPONENTS

IFigure 4, Typical Photometer Desgign



The typical recelving photometer i cesentially a telescope focused at the
-~ center of the instrument, upproximately 69 em from the objective lens,  The optical
configuration is shown in Figure 4, A 2,5-cm squarce aperture scrves as the field
stop and provides a ficld of view of about 67, This aperture is imaged by the objec-
i tive lens, resulting in a 7, 6-cm square acceptance arca and therceby defining a
| transmitter~receiver common volume with dimensions of 5,7em X 5. 7em X 7, Gem
{ when viewed at 90°, A 7,6-cm square aperture {8 placed in front of the objeetive
lens to further collimate the light recceived from the measurement volume and Lo
accommodate the receiver solid angle with itg ficld of view,
The objective lens focuses the scattered light on the field stop, A pair of
ddpﬁeric condenser lenses behind the stop images the objective lens onto an 1M1
0558 photomultiplier having an $-20 spectral response. This optical configuration
gives a sharply defined sensitivity profile across the beam in the region of inter-
scction with the source beam, and also provides essentially uniform scnsitivily
throughout the common value,
An cight-position filter wheel i8 mounted adjacent tn the squarce-field aperture,
Spectral filters at four wavelengths (47508, 5150 &, 6600 X, and 7450 K with 1/2
bandwidth £110 £ ) arc used and the filter wheel is advanced via a Geneva drive
mechanism at a rate of 10 rpm, thus providing a sampling rate of ncarly 0, 7scc
per filter. For the balloon flight the 4750 & and the 7450 R filters had lincar
polarizers laminated to their surfaces so that the vertical and horizontal polari-
zation of the scattered light could be analyzed sequentially at these wavelengths,
The remaining two positions on the filter wheel were uscd to check the zero level,
that is, the scattered light was blocked, and to provide a reference signal dirceotly
from the source (via light pipes) to monitor the source intensity as well as gain

changes in the photometer,

" The photomultiplicr output is fed to a Princeton Applicd Research (PAR)
Model 120 Lock-In Amplifier that is fixed-tuned to the 22, 5-11z chopper frequency,
This provided ample sensitivity and noise suppression. An Ampex Model AR214,
14-track magnetic-tape recorder is used to store the data output from cach recciver
unit, In order to cover the wide dynamic range of signals detected over the flight
profile, the PM tubes were operated at reduced sensitivity for the first 9 Km, and
the output from ecach amplifier was recorded at two tape recorder gain settings —
onc greater than the other by a factor of 10,

Light traps arc located opposite the source and cach photometer in order
to reduce the amount of stray radiation scen by the obscervation beams and to
provice a black background beyond he measurement volume,  An optical sche-
matic of a light trap is shown in VFigure 5, Light entering the trap is incident
at 45° upon a black specularly reflecting plexiglass surface,  Most of the light
is absorbed by the first surface; the gpecularly reflected component s'rikes a

sceond plate, which is oriented at a slight angle with respect to the first and js
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dircected further Into the trap where it 18 absorbed during many additional reflec-

tions, lh( only light leaving the trap—if it I8 clean and dust free—is negligible

(v6x10° ), due to non-specular reflection from the first surface. For the balloon

flight, however, only one plexiglass light trap was used, opposite the source; the
other traps were sinply lined with
black velvet,

A rather critical consideration in
overall nephelometer design is a gon-
dola housing st .cture that prevents

> sunlight from rcaching the scattering
volume and at the same time allows a
free-flow of atmosphere so as not to
+ disturb the measurement volume,

This was accomplished by mounting
the equipment on a 3, 3-m-diam
octagonal frame, fabricated from
aluminum U-channel beams, and
building a concentric housing struc-
ture of highly reflecting aluminum
shects, The resulting octagonal

' "1 doughnut!' was G, v~-m high with a
1-m-diam center scction, At the top and hottom of the center scction, rcmowblc
sunlight baffles provide adequste sun_ghielding as well 38 entrance and cxit ducts

Figure 5, Ligl{t Trap

through which the ambient acrosols can flow unobhstructed,

30 EAPERIMENT AL OBSERVATIONS AND RESULTS

The high altitude balloon (2 millivn cu ft) that carried the experimental pay-
load was launched from the Stallion Range Center, WSMR, at 1155 MST on
3 November 1970 into a clear sky. The gondola landed 4 hr, 22 min later,
200 miles castward near the New Mexico-Texas border, Figure 6 shows the
fHueht trajectory, The payload reached better than 26-km altitude and was
recovered intact, with no damage to the equipment,

Although this was the maiden balloon flight for the instrument, with all the
" hugs'' and unforeseen difficulties accompanying it, some rather interesting and

meaningful results were obtained,

P v -y
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Figure 6, Flight Trajectory

As aforementioned, the data output from each rececciver unit was recorded in
flight on magnetic tape. Unfortunately, the playback contained recadable outputs
from only the photometers at 450, 90°, and 1350, and of these the 135 unit
ceased operation at around 15km when the filter-wheel drive mechanism jammed,
The recorded signal amplitudes were averaged over 13 or so data points, which
corresponds to flight time intervals of about 1.2 min, Since the rate of rise of
the balloon was 600 ft/min, this implies an altitude interval of about 0.2km.,

The amplitudes were expressed in terms of analog voltage outputs from the
respective PAR amplifiers, Thesc voltages werc used in conjunction with the
pre-flight calibration factors for each photometer and spectral filter to calculate
the volume scattering function as a function of altitude,

Figures 7 through Figure 15 show the flight results for the three scattering
angles and four wavelengths, In addition, the appropriate Rayleigh profiles arc
plotted to provide a measure of the contribution of atmospheric acerosols to the
total scattering function. Indeed, it is revealing that there was no purc Rayleigh
scattering over the entire flight, although the 4750 R and 5150 A gcattering follow
the Rayleigh slope more closcly than the longer wavelengths, Morcover, the vertically
polarized 4750 R at 90° is the leust sensitive to the presence of acrosols, which corrob-
oratcs the asscertion that the air molecules polarize the incident light and should be
more pronounced at the shortest wavelength due to the A'4 Rayleigh intensity factor,
On the other hand, the horizontal component is quite sensitive to acrosols in the geat -

tering volume, since the 90° Rayleigh component s theoretically zero, At 457 1the polar-
ization is less, thus the acrosol influence is dominunt at all wavelengths for that angle,
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The values of the volume scattering functiors follow the expected pattern,
That is, they are greater in the forward direction, when particulate matter is
present, and the increase is further biased toward the longer wavelengths., The
74506 & scattering is seen to be influenced almost completely by aernsols. Unfor-
tunately, however, due :o equipment malfunctions, a vertical profile of the scat-
tering phase function could be drawn for only three points {at 45°, 90°, and 135%),
Nevertheless, Figures 16a to 18d reveal, at least qualitatively, how the angular
dependence of the scattering function changes with aerosol concentration.

The polarization ratio I“_/IH as a function of altitude is plotted in Figures 17
and 18 for the 4756 & wavelength, at 45° and 90° respectively. These figures show
the rather striking role that aerosols play in affecting the polarization of the
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scaitered light, the degree ei polarization varving inversely with the aerosol nuriber
densiiy or turbidity, For example, at 90° an lvi I“ value of 10 means that the un-
polarized incident beam became 52 percemt polarized unon scattering, and a ratio
of 4 indicates that it became 6( perceni polarized. The dominance of ihe molecular

I s - ; < . . -0
contribution to tne polarization of the scaitered light is apparent,

However, at 45
it varies rom about 20 percent in the reinmtively clear air fo 13 percent when the
aerosol concentration is greaies:. Even though the polarization is reduced at 45°,
as Eq, {5} predicts, the iwo profiles have much the same siructure and the values
compare favorubly with those of Bullrich (1964),

Figure 18 shows the ratio of the seatiering function at -!50 to that of 135° from

ground to 15km, and reveals marked variations as the aerosol concentration changes,

Moreover, ihe ratio varies with wavelength and the seatiering ai the longer wave-

lengihs is stronger in the forward direction, as is clearly evident irom the plots,
In comparing all the figures in order to get 3 composite picture, one finds

some common struciure in the profiles, After passing through the ground-level

dust {the visibility was better than 3¢ km), some acrosol fine struriure was evident
at 4-, 53.7-, and 7.5-km altitude, Noieworthy is die increase in the forwzard-to-
backscatier ratio at these aliliudes,
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the presence ef a double

phenomena in the launchk

¥
Near the seeond tropopause at 13km
begins 1o increase appreciably, and @
luyers emerges at 17km, reach

ary well defined in the polarization ¢

.

polarizaiion from e siratospieri
the ground-levrel particles on thoe Vel

distributiens should be comparable,

the balloon ascent. Their aliitudes were ascertained from a mezn of the
profiles. A laver at about 21 km appears in all the profiics ac well as ohe between
23 and 24kre with maximum concenirat’sn at about 23,8 ki, “In- addition, the polar-
ization daia and the 457 scaifering functions indicate a layer at 23km and 2 some-
whal weaker one at 2&6km. On ibe descent phase of the flighi, the 26-km layer was
stronger and the 25~km layer had apparenily moved to 24km or so. The 23-km
iayer was not sharply defined, bu: the one at 21k was proader than it was on the
up-icg of the flight, The layer at 15.5km was still present on descent.

Horizon time-lapse color photographs faken with a czamera mounied on top of
the gondola as an independent axperimental payload snowed much the same aerosol
structure ir the stratosphere as tha: measured with the nephelometer {¥nlz, 1271},
The stratcspheric dust has been the subject of numerous-investigations~Junge ¢t a2
{1961), Volz and Goody {1962),.and Rosen {1868} among several others—and has
b2n observed by researchers in ail parts of the world.

The observed correlalion befween aeresol concentration and =mpera-
ture profile has been reporied by other researchers {Elierman et a3, 1969;
McCormick, 1970). and is logicaily explaineé by aimospheric processes, Sinse
the flight was at noon, particles weore convected upwards due {o warming at the
ecarth! s surface; thus, the lower altitude fine structure emerges.as a result of the
convective-mixing process., However, at a temperature inversion this upward
transpor? is inhibited and a turbidity maximum resuclts. The observed aerosol
layer with maximum concentration at 7. 3km is then interpreted as resulting from
the combined effecis of the surface convec:ive layer and a weak Gopopause, This
aerosol structure is apparent in both the polarization profiles and the plots of
forward-to-backscaiter ratio,
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detectsd about 6.5 see apari, with the same receiver.
tacksoztier raiio i3 less j rose io calihratjon inffueiices 35 these tend i
particuiarly over a range of waives for his ratio. In ssideguent Billoos

possible calibration errors can be reducsd 2ppreciabiy Iy carefolly sinadsrdi
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Even thourh the anwunt of data was Hm

g show thal the polar nephelometer Is a very seasitive indirument for airmospheric
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cpiics Investigations. Indeed, much msre goaniiiaiive resulis han presented here

can be discerned fror: the angelar sensiering of Haht and Its dependence o vazo-

tenzih and polarization. ¥, for example, the phase funeting is determine.d,
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