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ABSTRACT

Six impactor and 99 membrane filter samples of
atmospheric dust were collected atop a mountain
in south central New Mexico during April and
May 1968. Qualitative analysis of these samples
by infrared absorption spectroscopy in the 4000
to 250 cm- 1 wavenumber (2.5 to 40 p wavelength)
range revealed that the positions and relative
intensities of the absorption bands were depen-
dent on the size fraction of the dust and on the

time thI sample was taken. Within the 1250 to
770 cm (8 to 13 0) atmospheric window, the
micron-sized (giant) particles exhibited a peak
absorption at 1027 cm- (9.7 V), whereas the
submicron (large) pafticles had their peak ab-
sorption at 1108 cm- (9.0 p). These two absorp-
tion bands are induced,, respectively, by silicate
clays and by ammonium sulfate. A temporal vari-
ation was observed iY the ratio of the intensi-
ties of the 1027 cm- (9.7 p) silicate and the
1425 cm- 1 (7.0 0) carbonate absorption bands of
the giant particles. This ratio was high during
the early morning, at times of convective acti-
vity and precipitation, and at times of cold
frontal passage from the east; it was low during
the afternoon and at times of convective inac-
tivity and no precipitation. The low ratio dust
is attributed to advection of fresh soil parti-
cles from the exchange layer over the adjacent
basin and mountains and the high ratio dust to
advection of fresh soil particles from the Great
Plains and aged soil particles from the over-
lying free atmosphere.
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INTRODUCTION

Various scientific disciplines concerned with "seeing" through the
earth's atmosphere in the infrared have a vested interest in those
spectral intervals of relatively high transmission which have been
termed atmospheric windows. Among these groups are infrared astro-
nomers investigating "cool" celestial objects, geologists inter-
ested in thermal mapping of the earth's surface, meteorologists
studying cloud systems and particulate layers, and physicists con-
cerned with tracking and detection systems for military and civilian
applications.

One of the atmospheric windows of particular interest currently is
the one between 1250 and 770 cm-1 (8 and 13 p). Within this spec-
tral interval, the absorption of energy by the dust suspended in
the atmosphere is often regarded as insignificant; however, pub-
lished data [1,2] show that atmospheric dust absorbs strongly in
this window. Depending on the nature of the application involving
this atmospheric window and depending on the associated moisture
and dust conditions, the absorption of infrared radiation by the
dust could be significant. Consequently, it would be advantageous
to have a background knowledge of absorption spectra of atmospheric
dust, of the variations in spectra as a function of particle size,
time, and space, and of the role meteorological conditions play in
these variations.

One geographicai area over which, by virtue of generally low mois-
ture content and occasionally high dust concentration, atmospheric
dust may play an important role in the absorption of infrared en-
ergy by the various constituents of the earth's atmosphere is the
southwestern United States. A spectrophotometric analysis of dust
sampled near tne surface of south central New Mexico [3] showed six
identifiable absorption bands within the aforenoted atmospheri•
window, the most prominent being the silicate band at 1027 cm-i

(9.7 w). Temporal variations in the absorption spectra of the dust
were reflected primarily in the ratio of the intensity of the 1027
cm- 1 (9.7 0) silicate to the 1425 cm- 1 (7.0 p) carbonate family
absorption bands. Unresolved, however, were questions as to the

size of thp particles to which tbe dust spectra applied and as to
whether the observed temporal variations in the relative intensi-
ties of the silicate and carbonate bands were meteorologically
interpretable.

During April and May 1968, variations in the infrared absorption
spectra of atmospheric dust were investigated through six impactor
and 99 membrane filter samples of dust collected at the Mule Peak
Observatory located in south central New Mexico. Using the tech-
nique of infrared absorption microspectrophotometry, the 4000 to



250 cm (2.5 to 40 P) absorption spectrum of each sample was ob-
tained. The spectra revealed variations in the absorption of infra-
red radiation by the sampled dust, variations which were a function
of particle size and meteorological conditions.

This report summarizes the results of the analysis and interpreta-
tion of the absorption spectra of those impactor and filter dust
samples. After a brief description of the sampling site and samp-
ling systems, attention is focused on the absorption spectra. The
variation of spectra with particle size is presented in three ab-
sorption spectra. The temporal variation is depicted through the
ratio of the intensities of the aforementioned silicate and carbon-
ate family bands. After a discussion of dust source regions and
atmospheric mechanisms responsible for the translocation of this
dust, the membrane-filter sampled dust is related to source region
and meteorological environment. Concomitant data on number concen-
trations of dust at the Observatory have been relegated to an ap-
pendix; this data was not applicable to the analysis of the dust
samples and is included solely for information purposes.

To facilitate the presentation, the particle size nomenclature of
Junge t4, p. 112] has been adopted, whereby the size range of atmos-
pheric dust particles is subdivided into three groups. The parti-
cles of diameter less than or equal to 0.2 p are AITKEN particles,
those of diameter greater than 0.2 p but less than or equal to 2 p
are LARGE particles, and those of greater than 2 p diameter are
GIANT particles.

PHYSIOGRAPHIC AND METEOROLOGICAL SETTING

The sampling was accomplished at the Mule Peak Observatory which is
located in the Sacramento Mountains of the Guadalupe Range of south
central New Mexico, almost equidistant (%1000 km) from the Pacific
Ocean to the southwest and the Gulf of Mexico to the southeast
(Fig. 1). The sylvan Sacramento Mountains constitute a cuesta in
east-west profile with the escarpment falling abruptly in two stages
from the crest near 3000 m above Mean Sea Level (m MSL) to 1200 m
MSL at the floor of the Tularosa Basin to the west. The Observatory
is situated atop the lower stage of the escarpment (Fig. 2) at an
altitude of 2472 m MSL (320 49' N, 1050 53' W).

By virtue of sparse vegetation and abundant, fine, and unconsolidated
soil particles exposed to eolian translocation, the semidesert ter-
rain of the Tularosa Basin affords a natural source for atmospheric
particulates. Transfer of these particles into the atmosphere is ef-
fected by strong surface low pressure system winds, thunderstorm down-
drafts, mountain waves, dust devils, turbulent transfer stemming from
intense surface heating, etc.
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Fig. 1 Geographical setting of the Mule Peak Observatory
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During the period of sampling, the weather was, for the most part,
dry, mild, and windy. Afternoon relative humidities ranged from
about 5 to 50%. Temperatures generally ranged from a 10%C minimum 4
to a 27*C maximum. Winds were predominantly from the south through
the west quadrant.

SAMPLING PROCEDURE

The particulate sampling system consisted of three separate units:
(A) an Andersen impactor sampler, (B) a sampler employing air fil-
tration through membrane filters, and (C) a General Electric conden-
sation nuclei counter.* The location of each unit is indicated on
the plan map of the Mule Peak Observatory shown in Fig. 3.

N

0 3.0 60

METERS

LEGEND

A - Andersen Impactor Sampler I HOUSE
I WATERTANK = DIRT ROAD

B - Membrane Filter Sampler 3 RADIO BLDG
C - G. E. CNC 4 TOWER

5 TELESCOPE BLDG PATi

6 GENERATOR BLDG
(2-30kw)

Fig. 3 Plan map of the Mule Peak Observatory

* A description of the location of the nuclei counter at Mule Peak
and the data acquired using it are provided in Appendix B.
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Andersen Impactor Sampler. To obtain data on the variation of infra-
red absorption spectra of atmospheric dust as a function of particle
size, an Andersen sampler (51 was selected as the medium of collection.
This instrument is of the multistage, multijet cascade impactor type
wherein particulate matter is precipitated on six 8.26 cm diameter
plates. The particular model used in this study was a 110 volt, 60
cycle, nonviable particle, portable sampling unit equipped with glass
plates. Table I summarizes the size sampling characteristics of this
sampler for smooth, spherical particles of unit density [5, Fig. 4].

TABLE I

Size Collection Characteristics of an Andersen Sampler

(95% or more of particles collected on each stage)

Stage Diameter (p) Junge Classification

1 > 8.2 Giant

2 5.0 - 10.4 Giant

3 3.0 - 6.0 Giant

4 2.0 - 3.5 Giant

5 1.0 - 2.0 Large

6 0.3 - 1.0 Large

The sampler was placed at a height of 9 m above the ground, and atmos-
pheric dust samples were taken according to the schedule listed in
Table II. The duration of sampling was governed by the amount of
dust required for analysis, the flow rate through the sampler, and the
mass concentrations of dust encountered in the local aerosol.

TABLE II

Andersen Impactor Sampling Schedule

Sample No. Dates Time (LST)

1 24-25 Apr 0800-0800

2 25-26 Apr 0800-0800
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TABLE II CONT'D

Sample No. Dates Time (LST)

3 1- 2 May 1800-1800

4 2- 3 May 1800-1730

5 16-17 May 0600-0600

6 17-18 May 0600-1200

Membrane Filter Sampler. To investigate temporal variations in the
infrared absorption spectra of atmospheric dust, the dust was samp-
led by air filtration through membrane filters. The filters were of
0.8 U maximum diameter pore size and had an effective filtering area
of 278 mm2 . The filters were enclosed in a vaned mount and were
placed 3.5 m above the ground.

With this sampling system and for the mass concentrations of dust to
be expected at the Observatory, the requisite amount of sample for
analysis could be obtained in six hours. The six-hour periods, de-
signated by Roman numerals, were as follows: Period I, 0000-0600
Local Standard Time (LST); II, 0600-1200 LST; III, 1200-1800 LST;
and IV, 1800-2400 LST. From 23 April to 19 May 1968, 99 six-hour
samples were taken.

SPECTRAL ANALYSIS

The 4000 to 250 cm- (2.5 to 40 U) infrared absorption spectrum of
each dust sample was obtained by following a microspectrophotometric
technique which required 50 to 100 pg of sample [31. No attempt was
made to isolate any water soluble or organic fractions. All spectra
were run on a Perkin-Elmer Model 521 double beam infrared grating
spectrophotometer equipped with a 6X beam condenser.

The absorption spectra contain the combined effects of the dust and
the potassium bromide (KBr) matrix in which the dust is suspended.
The KBr has a uniform, high transmission throughout most of the spec-
tral region investigated and is evident in zhe spectra only as a
decrease in transmission between 300 and 250 cm-1 (33 and 40 p), i.e.,
the absorption bands presented are believed to be due solely to the
dust.

Andersen Impactor Samples. Examination of the absorption spectra of
the Andersen dust samples revealed a transition in the absorption
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band positions of the dust from the first four through the last two
stages. The results are summarized in Fig. 4. The curves therein
are of the sample of 16-17 May which has been selected as represen-
tative of the transition observed in all six samples. Curve A is an
absorption spectrum representing the nearly Identical spectra of dust
from the first four stages (giant particles). Curves B and C are the
spectra, respectively, of the stage 5 and stage 6 large particles.
To portray the transition which occurs, emphasis is placed on the ab-
sorption bands designated as a, b, c, and d and which are centered,
respectively, at 1425, 1399, 1108, and 1027 cm- 1 (7.0, 7.1, 9.0, andS9.7 ;1).

,. WAVELENGTH (MICRON)S
5;l. 4 5 6 ? 8 9 0 12 15 20 304

4000 3500 3000 2500 2000 1500 l0w So0 250

S• WAVENUMBOE (CM'*)

Fig. 4 Spectrogram tracings of atmospheric dust collected with an
Andersen sampler, 16-17 May 1968; Curve A: stages 1-4;

Curve B: stage 5; Curve C: stage 6.

The change in the pattern of absorption is particularly evident in
the 1250 to 770 cm- 1 (8 to 13 p) atmospheric window where the strongest
absorption band shifts from band d for the giant particles (curve A)
to band c for the large particles (curves B and C).

Curves A, B, and C may be used to ascertain the composition of the dust.
First of all, curve A is nearly identical to the representative dust
spectrum of Blanco and Hoidale [31, both in the positions and relative
intensities of the absorption bands. Therefore, their representative
dust spectrum appears to apply to giant particles. These particles are
spectrally dominated by the silicate clays illite, kaolinite and mont-
morillonite, the carbonate calcite and the silicate quartz [3]. Se-
condly, curve B, although similar to curve A, shows ammonium sulfate
[(NH4)2So4] absorption bands at 3125, 1399 (band b), 1108 (band c), and
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618 cm-I (3.2, 7.1, 9.0 and 16.2 w). By curve C, (NH4 ) 2 SO4 has become
the dominant selectively absorbing constituent as indicated by the ar-
rows. This result tends to confirm the finding by Junge [4, p. 170]
that the soluble portion of the large particle fraction of atmospheric
dust is dominated by (NH 4 ) 2SO4 .

Band c merits further comment because it appears to be present in
curve A. In curve A the shoulder at 1087 cm- 1 (9.2 V), which might
be construed as (NH4 ) 2SO 4 induced, is, in reality, a silicate band.
Also, band c, although one of the fingerprint absorption bands of
(NH4 ) 2 SO4 , is a sulfate family band common to calcium sulfate (gypsum)
and sodium sulfate (mirabilite-thenardite) which are occasionally ob-
served in spectra of airborne dust from south central New Mexico [3].

The sharp absorption band at 1383 cm- (7.2 0) in curves A and B is
nitrate in origin. The almost complete disappearance of this band by
the final stage dovetails a's data [4, p. 171] on the small nitrate
content of the large particle fraction.

Membrane Filter Samples. Examination of the absorption spectra of the
99 six-hour membrane filter dust samples revealed that: (I) the spec-
tra conformed to the representative dust spectrum [3] in the occurrence
and position of the absorption bands and (2) the primary interspectral
variations once again involved the relative intensities of the silicate
clay and carbonate family bands.

The interspectral variations were quantified by means of an arbitrarily
designated A/B ratio [3], a number which, as measured on a given spec-
trum, represents the relative intensity of the silicate clay and car-
bonate family absorption bands centered at 1027 and 1425 cm- 1 (9.7 and
7.0 v), respectively. A value of two for the A/B ratio would signify
that the absorption band of the silicate clays is twice as strong as
the carbonate band.

The A/B ratios for the 99 dust samples are chronologically displayed
in Fig. 5. In general, the ratios are highest in the early morning
hours and lowest during the afternoon. A more elusive feature, per-
haps, is the longer aperiodic variation on which the diurnal variation
appears to be superposed. The aperiodic variation is indicated on
Fig. 5 by the dashed-line channel. The width of the channel, 1.0, is
the mean daily range for the 21 calendar days having the full comple-
ment of four 6-hour samples; the position of the channel was governed
by the Period II, III, and IV A/B ratios and not the rather more excur-
sive Period I ratios.
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METEOROLOGICAL DATA

In reconstructing the meteorological pattern associated with Fig. 5,
both surface and upper air observations were utilized. At the Obser-
vatory, weather data were limited to wind direction and visual obser-
vations of sky condition and visibility, but from one site on each
side of the floor of the basin there were standard hourly observations
of sky condition, visibility, weather, temperature, moisture and wind.
Surface weather charts were used to trace air mass and frontal move-
ments.

The circulation aloft was determined from military rawinsonde obser-
vations and 700 mb pressure surface charts. The rawinsonde observa-
tions were irregularly scheduled but did average four soundings per
day. These soundings were scattered among five different release
points located on the floor of the basin within 70 km of Mule Peak.
The 700 mb charts gave the general circulation at about the height
of the surrounding ridges.

SOURCES OF THE SAMPLED DUST

Analysis of the meteorological conditions associated with the temporal
variations in the A/B ratio led to the conclusion that these varia-
tions could be interpreted in terms of source regions and atmospheric
transfer mechanisms. The source regions fell into four categories:
(1) exchange layer of relatively low A/B ratio dust above the Tularosa
Basin, (2) exchange layer of low ratio dust over the Sacramento Moun-
tains, (3) exchange layer of high ratio dust over the exposed soils
of the western Great Plains, and (4) overlying free atmosphere with
its high ratio dust.

For several reasons it seemed reasonable to attribute much of the
dust collected at Mule Peak to the soils of the 60-km wide Tularosa
Basin. First of all, that the basin soils act as a source for air-
borne dust over the local area had been visually confirmed on numerous
occasions in the past, especially during the dry and windy spring
months. Secondly, the predominant southwesterly to northwesterly winds
aloft over the basin during April and May could, in turn, transport
these particles to the altitude of the sampler. Furthermore, Blanco
and Hoidale [3] had shown a close similarity between the infrared ab-
sorption spectra of dust samples simultaneously collected at Mule Peak
and at a site situated on the western edge of the floor of the Tula-
rosa Basin.

Judging from the wide range of the A/B ratios (1.0 to 23.7) for the
small particle fraction of 25 soil samples taken from the basin floor
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area [3] within a southwest through northwest sector extending 120 km
radially from the Observatory, the likelihood of one A/B ratio suf-
ficing to characterize the dust of the exchange layer over the Tula-
rosa Basin seemed remote. However, because of natural intermixing in
translocation of particles from the myriad (with respect to A/B ratio)
of soils which contribute dust to the local atmospheric aerosol, it
is reasonable to expect that with respect to an atmospheric dust sam-
pling site well removed from the floor of the basin, such as the Mule
Peak Observatory, the basin floor dust could be characterized by one
A/B ratio. For 265 atmospheric dust samples collected 3.5 m above
the ground at a site on the western edge of the floor of the Tularosa
Basin, Blanco and Hoidale [3] had shown a range from about 1 to 10
and a mean of about 2 in A/B ratio. If it is assumed that this 18-
month mean reflects a composite contribution from the basin soil
sources, than a value of 2 might be assigned to the A/B ratio of atmos-
pheric dust in the exchange layer over the basin.

Another source of the Mule Peak dust is the comparatively weak (with
regard to spatial extent) exchange layer over the adjacent mountains.
This layer receives some particles from the vegetally dominated under-
lying surface, but apparently the greatest contribution is from the
particle-rich aerosol over the adjacent basin. The A/B ratios of
soil samples taken near the base of the dust sampler at Mule Peak and
from atop a mountain 90 km northeast of Mule Peak were, respectively,
2.0 and 2.1. It appears that the A/B ratio of the mountain boundary
layer is basically low, but that it fluctuates in response to changes
in the ratio at equivalent altitudes over the basin proper.

A third source region is the exchange layer over the western Great
Plains. Limited data obtained by Hoidale et al. [6] suggest that
these plains are sources of dust rich in silicate clays which wovld
thereby imply a high A/B ratio.

The remaining source region, if indeed it may be treated as separate
and distinct, seems to be the free atmosphere which overlies the ex-
change layer. The particles suspended therein may represent an inter-
mixed contribution of soil particles from a number of world-wide
sources. Thus, the dust of this extensive layer could realistically
be expected to have an A/B ratio which differed from the A/B ratio of
dust from any given local soil source, such as that covered in this
study. The particles of the free atmosphere may be considered as aged
continental particles and appear to be characterized by an A/B ratio
which is high relative to that of the composite Tularosa Basin surface
dust, i.e., it is relatively deficient in carbonates.

In summary, the soils of the basins and mountains in the immediate
viciuity of the sampler will be regarded, in toto, as sources of low
A/B ratio dust. The soils of the western Great Plains and the free
atmosphere itself are treated as high A/B ratio sources.

11
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TRANSLOCATING MECHANISMS

Four atmospheric mechanisms were considered to be primarily respon-
sible for the vertical variation in the silicate clay-carbonate com-
position of the dust over south central New Mexico, variations which
were reflected in the A/B ratios of the Mule Peak dust samples. The
four mechanisms are: (1) daily cycle of turbulent exchange, (2) pre-
cipitation, (3) convective activity, and (4) frontal activity.

Foremost of the atmospheric processes responsible for establishing
the variation of A/B ratio with height above the bolson floor, i.e.,
the extent of coupling between the low ratio dust of the exchange
layer and the high ratio dust of the overlying free atmosphere, is
the daily cycle of turbulent exchange, whereby surface dust is lifted
during the day and settles toward the surface at night. The vertical
extent of this "turbulent transfer layer," often referred to as mixing
depth, is dependent on surface heating and lapse rate. As a conse-
quence, the mixing depth undergoes diurnal and seasonal pulsations,
the greatest upwelling occurring during the afternoon and during sum-
mer. The estimates of mixing depth by Holzworth [7] indicate that on
the average over this area during the period from mid-April to mid-May

the mixing depth ranges from 300 m above the surface in the early

morning to 2900 m during the afternoon.

With respect to the A/B ratio, an effect of this transfer would be

to lift the low ratio surface dust to progressively higher altitudes
over the basin during the daylight hours. Thus, the Mule Peak Obser-
vatory, at 1250 m above the basin floor, would, on the average for
the mid-April to mid-May period, be engulfed by this layer from about
midmorning until early evening. This was reflected in the mean A/B
ratio of 2.0 for the Period III dust samples. During the course of
the day, the sampler could also be within the much less vertically
developed mixing layer over the mountains themselves or even within
the free atmosphere. With respect to the 6-hour dust samples, the
latter condition would be more likely to occur during Period I and
would be seen as a high A/B ratio.

Another factor involved in the vertical variation of the A/B ratio is
precipitation, which acts as a giant particle scavenger. Moreover,

although the precipitation impinging on the basin floor may initially
release particles into the atmosphere, it generally serves to wet the
surface, thereby agglomerating particles and preventing their release.
However, because of the porous condition of the local soils and the
oftlen dry, sometimes windy nature of the local atmosphere, the sup-
pressant effect may be short lived. An effect of the scavenging and
agglomeration would be to increase the A/B ratio of the dust sampled
at Mule Peak by virtue of the resultant decrease in the number concen-
tration of exchange layer dust relative to the concentration of free
atmospheric dust.
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The third factor is convective activity. Generally a temperature in-
version, such as that which occurs at the upper boundary of the mixing
layer, acts as a barrier to the flux of particles across this thermal
discontinuity. However, convective clouds may penetrate these "bar-
riers" and by victue of their attendant vertical motions mix the pre-
cipitation-depleted low ratio dust from below with the higher ratio
dust from above. The effect of this factor would be to increase the
ratio of silicate clays to carbonates in the mixing layer and to de-
crease the ratio in the free atmosphere. The magnitude of the inter-
change of particles would be a function of the extent and intensity
of the convective activity.

In contrast to the "regularity" in temporal variation of the A/B ratio
imposed by the daily turbulent cycle, the effect of convective acti-
vity and precipitation would tend to be aperiodic because of temporal
and spatial irregularities in their occurrence over this area. An es-
timate of the combined effect of convective activity and precipitation
on the A/B ratio of the Mule Peak dust may be obtained from visual ob-
servations of the areal and vertical extent of cumuliform cloudiness
and precipitation.

The fourth factor is frontal activity. Although fronts pass across
south central New Mexico from all directions, it is the cold fronts
moving across from the east which cause the most significant changes
in the A/B ratio. These incursions may have tapped the western Great
Plains of its assumed high A/B ratio dust, the magnitude depending on
the condition of the soil surfaces and on the concomitant meteorolog-
ical conditions. Because of the irregular topography of this area,
it is sometimes difficult to trace the westward progression of these
cold fronts and, as a result, they may or may not be carried on sur-
face weather maps. However, by detailed analysis of the local mete-
orological data, it was possible to pinpoint the passage of these
fronts over this area.

METEOROLOGICAL INTERPRETATION OF A/B RATIO VARIATIONS

With the foregoing two sections as background, it is now possible to
offer a rationale for many of the features illustrated in Fig. 5.
Three features to be considered are: (i) the diurnal variation in
the A/B ratio, (2) the wide fluctuations of the Period I ratios from
the dashed-line channel, and (3) the meanderings of the channel itself.
These features are particularly illustrative of the atmospheric factors
and the interplay of these factors which appear to govern the ratio of
silicate clays to carbonates in the dust sampled at Mule Peak.

The apparent diurnal variation may be brought into closer perspective
by calculating the mean A/B ratio for each of the four sampling periods

13



for the 21 calendar days when a full complement of four 6-hour samples
was taken. As seen in Table III, the ratio reaches its highest value
during the six hours prior to sunrise and its lowest during the six
hours preceding sunset.

The latter period is generally the time of maximum vertical extent of
the exchange layer. On the average for this time of year this enve-
lope of low A/B ratio dust over both the basin and the mountains would
extend much higher than the Mule Peak Observatory during the entire
afternoon. Thus, almost irrespective of wind direction, the dust sam-
pled at Mule Peak during these hours would exhibit a low A/B ratio.
At night, however, this envelope contracts and surface winds generally
subside. As the mixing layer effectively dips below the altitude of
the Observatory, the free atmosphere, with its attendant high A/B ratio
dust, draws closer to the ground. Therefore, winds at the sampler hav-
ing a component from the basin (the prevalent condition) could advect
in dust of progressively higher A/B ratio as the night progressed.
Flow off the adjacent mountains, however, would continue to tap the low
ratio dust of the mountain boundary layer. This simplistic explanation
is, obviously, conditioned in reality by other interrelationships, but
it does offer a reason for the diurnal component.

TABLE III

Arithmetic Mean A/B Ratio for the Four

Dust Sampling Periods for 21 Days

Period (LST) A/B (n=21)

I (00-06) 3.0

II (06-12) 2.4

III (12-18) 2.6

IV (18-24) 2.3

To show the diurnal variation of the A/B ratios in another perspective,
the effect of the aperiodic variation was eliminated by a normalization
process whereby, for each of the 21 full-complement days, the four-
sample mean A/B ratio for a given day, (A/B)DM, was subtracted from
the ratio for each of the four sampling periods therein, (A/B)s. The
frequency distribution of these differences is shown in Fig. 6. A
striking feature of this figure is the bimodal distribution, statis-
tically indicating samples from two populations, of the differences
during the nighttime hours (Periods I and IV). To account for the bi-
modal distribution and because they exhibited the greater fluctuations,
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the A/B ratios of the Period I samples were selected for meteorological

interpretation.

Examination of the meteorological conditions existing during the 24-30
hours preceding each of the 25 Period I samples led to the conclusion
that the two populations involved were low ratio dust from the basin
or mountain exchange layer and high ratio dust from the free atmosphere
or from the western Great Plains. By terming an A/B ratio "high" or
"low" depending on whether it was above or within the dash-line channel
of Fig. 5, and not on absolute value, it was found that the sampled
dust could be typed by A/B ratio, source region, and meteorological
conditions. This led to a categorization of the dust sampled at Mule
Peak into four types (a, 8, y, A) corresponding to the four source re-
gions (Table IV). The meteorological conditions attending the presence
of each of the four types of source region dust at the sampler are sum-
marized below.

TABLE IV

Type Classification of Mule Peak Dust

Tp Source Region A/B Ratio

SFree atmosphere high

Basin exchange layer low

y Western Great Plains high

A Mountain exchange layer low

Type • . Type a is characterized by limited (with respect to the height
of Mule Peak above the floor of the basin) vertical transport of the
low ratio surface particles during the preceding afternoon. This limi-
tation may be imposed by precipitation, thermal discontinuities, light
surface winds or a combination of these factors. In addition, the
wind flow at the sampler must exhibit a component from the west to
transport the relatively low lying free atmospheric dust from over the
Tularosa Basin to the filter.

Type 8. Type 5 is characterized by pronounced vertical transport of
the low ratio surface particles during the preceding afternoon. This
transport is often associated with near dry adiabatic lapse rates from
the surface of the basin to at least the altitude of Mule Peak and mod-
erate to strong winds which may persist until long after sunset, the
time when the surface winds normally diminish rapidly in speed over
this area. Furthermore, the wind at the sampler must exhibit a westerly
component so as to tap dust from this billowing envelope of low ratio dust.
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Type y. Type y is characterized by northeasterly to easterly winds at
the sampler during Period I. Such winds often denote the passage of
a cold air mass which, as it traversed the western Great Plains, picked
up high ratio dust from the exposed soils unless the soils were snow-
covered or water-soaked.

Type A. Type A is characterized by southeasterly to easterly winds at
the sampler during Period I. The overall level of the A/B ratio with-
in the mountain boundary layer is influenced by the basin dust.

Each of the 25 Period I A/B ratios fell under one of these types (Table
V). Appendix A contains meteorological synopses for the individual
samples.

As previously noted, the diurnal component of the temporal variation
of the A/B ratio seems to be superposed on longer aperiodic variations.
Although the exact position of the dashed-line channel of Fig. 5 is
open to question, certain features of the aperiodic component appear
to be unequivocal. Foremost of these is the gradual increase in the
A/B ratio from 6-7 May to 12 May and the subsequent, but more rapid,
decline to 15-16 May.

Examination of the attendant meteorological data revealed a gradual
increase in convective activity from the cumuliformless 6-8 May period
to widespread activity on 11-12 May. By the 13th only a few early
morning fair weather cumulus clouds topped the mountains. Skies re-
mained free of cumulus-type clouds until the 16th when fair weather
cumulus clouds reappeared over the flanking mountains.

TABLE V

Distribution by Meteorological Type of

the Period I A/B Ratios

Type Dates

a April 24, 25; May 2, 6, 13, 14, 16

8 April 26, 27, 28; May 3, 7, 15, 17

y April 29; May 4, 11

A April 30; May 1, 5, 8, 9, 12, 18 19

Another period of convective activity, albeit much weaker, extended
in a similar gradually increasing fashion from 30 April to 4 May and
may account for the slight channel maximum of 3-4 May.
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The evidence for the convective inducement of the aperiodic variations
in the A/B ratio is not strong, but it does appear to be reasonable:
the resultant precipitation agglomerates the soil particles; the as-
sociated vertical motions mix the lowered concentration, low ratio
surface dust with the low concentration, high ratio dust of the free
atmosphere.

CONCLUDING REMARKS

In evaluating the results of this qualitative infrared spectroscopic
study of airborne dust, several comments in regard to the-dust spectra
are in order. Perhaps the most important is that the infrared spec-
tral determination of the particulate composition of the local atmos-
pheric aerosol includes only those minerals or compounds which possess
a number of significant (fingerprint) absorption bands within the 4000
to 250 cm- 1 (2.5 to 40 p) spectral interval and which occur in concen-
trations high enough for detection. Thus, for example, no mention
could be made of sodium chloride because of its lack of absorption
bands within the region of interest. Secondly, some minerals, such
as opal, have absorption bands overlapping those of the identified com-
ponents and, as a consequence, are difficult to identify.

The actual assessment of the absorptive effect of airborne dust on
the transmission of infrared energy through the earth's atmosphere is
beyond the scope of this report. However, a few qualitative infer-
ences are possible.

Over south central New Mexico the strongest absorption band of the
giant particle aggregate in the 4000 to 250 cm- 1 (2.5 to 40 p) range
is in the 1250 to 770 cm- 1 (8 to 13 P) atmospheric window at 1027 cm- 1

(9.7 0). This observation is in agreement with the absorption spec-
tra of atmospheric dust sampled in Germany and Japan [1,2]. An impli-
cation of this observation is that the absorption spectra of dust from
south central New Mexico may be more representative of global condi-
tions in the lower troposphere than might be expected.

Since giant particles settle out of the atmosphere relatively rapidly
and are greatly subject to precipitation scavenging whereas the large
particles represent a more permanent component of the atmosphere, it
might be concluded that certain atmospheric conditions, such as light
wind and a low level of turbulence (nighttime), might foster a shift
in peak absorption within the "window" from the giant particle peak
at 1027 cm- 1 (9.7 p) to the 1108 cm- 1 (9.0 p) peak characteristic of
large particles.

The relative intensities of the 1027 cm- (9.7. )) and the 1425 cm-1

(7.0 p) giant particle absorption bands vary with height in response
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to time of day and soil and meteorological conditions, at least over
south central New Mexico. A similar pattern could occur over other
geographical areas depending on the relative intensities of the sili-
cate clay and carbonate fractions of the dust near the surface and
aloft.

Further generalizations as to the applicability of the data inherent
within or implied by this study must await not only other studies of
the infrared absorption spectra of airborne dust and the small parti-
cle fraction of source region soils, but also concomitant data on the
size distribution and number concentration of the individual consti-
tuents of atmospheric dust. With respect to the propagation of mono-
chromatic radiation, the existence of fine structure in the absorption
spectra of the dust should be investigated.
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APPENDIX A j
METEOROLOGICAL INTERPRETATION OF THE PERIOD I A/B RATIOS

This appendix presents a meteorological interpretation of the A/B I
ratios of the Period I dust samples which were listed in Table V of
the text. Following the date of the sample is the corresponding A/B
ratio, the word "high" or "low" to indicate whether the ratio was
above or within the dashed-line channel of Fig. 5, and the type clas-
sification. The meteorological conditions refer to the 12-24 hours
preceding the sampling.

24 April 1968 3.8 HIGH

Shortly before sunrise on 23 April, stratiform clouds began to de-
velop. By sunrise skies became broken, by 0900 LST light rain was
general over the area and by sunset skies were cloud free. Surface
winds were light to moderate, shifting from southerly to northerly
as the day progressed. It appears that the vertical transfer of
giant particles from the basin soil into the atmosphere was inhibited
by the agglomeration and scavenging effects of the precipitation and
by a stable thermal regime over the basin. Therefore, under clear
skies and light northwesterly winds at the sampler and aloft over
the basin the next morning, the high A/B ratio could represent pre-
dominantly aged free tropospheric continental particles.

25 April 1968 3.8 HIGH a

As on the 24th, meteorological conditions did not appear to be con-
ducive to vertical translocation of the giant soil particles. Skies
were clear and there was a pronounced drying in the lower levels, but
surface winds were light (southerly) and the thermal regime remained
stable. With little vertical transport of low A/B ratio dust from
the exposed soils, the southerly flow at the sampler and the south-
westerly flow over the basin proper could once again prove favorable
for the presence of aged high A/B ratio dust during Period I on the
25th.

26 April 1968 2.7 LOW 8

With respect to the dashed-line channel, the A/B ratios of the Period
I samples of 26, 27 and 28 April differed markedly from the first two
samples, thus suggesting a change in the attendant meteorological con-
ditions. On the 25th skies were clear, the lower atmosphere continued
to dry and, for the first time since the sampling began, dry adia-
batic lapse rates were reached during the afternoon. After a morning
of light and variable winds, the pattern became one of moderate to
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strong westerly winds until nearly midnight. Thus, the northwesterly
winds at the sampler could be tapping low A/B ratio surface dust which
had "boiled" off the basin floor the previous afternoon.

27 April 1968 2.1 LOW

Strong westerly to southwesterly winds across the floor of the basin
during the afternoon of 26 April gave rise to blowing dust from noon
until shortly after sunset. Moreover, the strong surface winds per-
sisted until nearly midnight. Therefore, sedimentation would have had
little chance to take effect so that the northwesterly winds at the
sampler the next morning were carrying primarily basin floor dust.

28 April 1968 2.7 LOW

The meteorological pattern of clear, dry, unstable air continued

through the 27th. Westerly surface winds were stronger and persisted
longer than on the 25th and gave rise to blowing dust across the basin
floor during the afternoon. Once again northwesterly winds at the

sampler could be carrying primarily basin floor dust which would re-
sult in a continued low A/B ratio during Period I on the 28th.

29 April 1968 3.4 HIGH Y

The 28th of April was characterized by a marked change from the

meteorological pattern of clear skies, moderate to strong south-
westerly to westerly winds, and blowing dust which had persisted for

the previous three days. Over the floor of the basin there was an
influx of cooler, more moist and more stable air from the north early
in the day. This change bore the earmarks of a cold frontal passage
although it was not so designated on surface weather charts. With
the exception of scattered afternoon cumulus clouds, skies were clear.
The northerly winds persisted over the floor of the basin throughout
the day and resulted in isolated patches of blowing dust during the
afternoon. At Mule Peak, however, wind directions remained south-
westerly to northwesterly until just after sunset when the cooler air
cascaded in from the northeast implying that the initial surge of

cooler air over the basin was quite shallow. This shallow layer of
cool, stable air displaced the lower portion of the deep layer of
burface dust which had blanketed the basin for the three previous
days and inhibited extensive vertical transfer of dust from the sur-
face even though wind speeds were initially high enough to dislodge
the giant soil particles. At Mule Peak the influx of air from the
northeast brought in high ratio dust from the western Great Plains
thereby accounting for the departure from the channel.
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30 April 1968 2.1 LOW

On the 29th of April, skies were virtually cloudless and basin sur-
face winds were light and variable, the result of the movement of a
surface high pressure systelt over the area. As a consequence, ex-
tensive vertical transfer of che giant basin soil particles was not
favored. That the free atmosphere did not engulf the sampler the
following morning is attributed to the southeasterly to southerly
winds at Mule Peak maintaining the low A/B ratio mountain boundary
layer over the sampler during Period I.

1 May 1968 1.5 LOW A

The same comments apply as to the 30th of April.

2 May 1968 4.2 HIGH a

On the morning of 2 May the ratio rose to 4.2, the highest of the
25 Period I A/B ratios. Convective activity in the form of scat-
tered precipitating cumuliform clouds was observed from sunrise
until noon, became moderate southwesterly for a few hours prior to
sunset, but no blowing dust was reported. The vertical transport of
basin floor dust was inhibited and thus the westerly flow at Mule
Peak could now tap the free atmosphere over the basin.

3 May 1968 2.4 LOW

With one notable exception conditions were once again not favorable
for extensive vertical transfer of basin dust. Surface winds were
stronger and persisted longer (0200 to 2400 LST) than on the pre-
vious day, but there were no reports of blowing dust during the day--
light hours. However, convective activity appeared to be more ex-
tensive than on the 2nd and lasted until nearly midnight along the
eastern flank of the basin where post sunset surface visibilities
were restricted by blowing dust. Light northwesterly winds aloft
could then have transported this low A/B ratio, thunderstorm engen-
dered, basin dust to the sampler.

4 May 1968 3.2 HIGH Y

The basic pattern of cloudiness and late evening thunderstorm ac-
tivity continued. Blowing dust was associated with late afternoon
and early evening thundershowers. Around sunset a cold front passed
over the floor of the basin; several hours later this polar air
reached the sampler from the northeast. That the ratio was not
higher might be attributed to the weakness of the cold front and/or
mixture of the high ratio dust from the east with the lower ratio
basin dust which was being transported to the sampler by light
westerly winds prior to the frontal passage.
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5 May 1968 2.1 LOW A

The polar air continued to penetrate the basin until mid-afternoon
when the light southeasterly flow veered to moderate southwesterly.
Convective activity, although diminished in intensity and areal ex-
tent, was once again in evidence and did result in localized blowing
dust for several hours around sunset. At Mule Peak the winds were
southeasterly, thereby indicating a tapping of the Sacramento Moun-
tain boundary layer dust and a consequent low A/B ratio during Per-
iod I on the 5th.

6 May 1968 3.0 HIGH

By the 5th, convective activity had been reduced to scattered fair
weather cumulus clouds over the surrounding mountains and drying had
begun in the low levels. Under a canopy of broken cirrostratus
clouds, surface winds were moderate southwesterly from 1000 to 2000
LST. Some blowing dust was reported along the western edge of the
basin. Considering the basin source region as a whole, this might
indicate weak vertical penetration of the basin dust so that the
southwesterly winds at the sampler the following morning could be
bringing in a mixture of boundary layer and free atmospheric dust to
Mule Peak

7 May 1968 2.5 LOW

The drying continued. After mid-morning skies were clear. Strong
southwesterly winds throughout the day and early evening raised
clouds of dust from the basin floor. Visibilities were restricted
to less than 15 km from 1600 to 2200 LST. Coupled with a favorable
thermal structure this would indicate the most extensive vertical
transport of basin dust since 26-27 April. Thus, the northwesterly
winds at the sampler the following morning would be expected to bear
predominantly low A/B ratio basin surface dust.

8 May 1968 2.5 LOW A

Around sunrise on the 7th modified polar maritime air crossed the
basin from the northwest. This resulted in a few hours of blowing
dust near noon. Thereafter, however, the northwesterly winds dimin-
ished rapidly in speed. Skies were clear until noon, but by mid-
afternoon the sky was thin overcast in cirriform clouds. The Period
I sampler winds were southerly to southeasterly indicating an appa-
rent tapping of the dust envelope over the Sacramento Mountains al-
though the low ratio may also reflect residual basin dust from the
extensive transfer of the 6th.
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9 May 1968 2.6 LOW

Vertical transfer of basin dust was not favored on the 8th. Skies
were broken to overcast in cirriform clouds and winds near the floor
of the basin were light and variable except for moderate southerly
flow from 1200 to 1800 LST. The southerly flow at the sampler may
once again have tapped the Sacramento Mountain boundary layer.

11 May 1968 3.4 HIGH y

No dust sample was collected on the morning of the 10th. However,
the daily weather summary is continued for the sake of continuity
and for understanding the rapid increase in A/B ratio which cul-
minated on the 12th. On the 9th skies were scattered to broken in
altocumulus and overcast in cirriform clouds. The reemergence of
convectivity was signaled by the appearance of isolated cumulus
clouds in various stages of development over the surrounding moun-
tains. Surface winds were moderate southwesterly prior to noon,
then shifted to northwesterly with the overpassage of a weak trough.

The 10th was marked by the passage of a weak cold front from the
northeast and a continued increase in convective activity. Early in
the day a northwest-southwest oriented cold front moved slowly across
the basin. However, the penetration of colder air was brief as at-
tested to by southwesterly winds from the surface to ridge height by
noon. Convectively, early morning cumulus clouds rapidly developed
into cumulonimbus clouds. The ensuing rain showers began before noon
and localized blowing dust was reported near sunset; the convective
activity ended by 2100 LST. Shortly before midnight the cooler air,
which had been displaced earlier in the day, reappeared at Mule Peak
and over the surface of the basin. This would account for the numer-
ically high A/B ratio. The fact that this ratio is a borderline case
with respect to the dashed-line channel of Fig. 5 suggests that there
has been a mixing with the already high ratio dust over the basin
proper.

12 May 196P 3.5 LOW

By mid-morning on the llth the cooler air had been reinforced by a
fresh surge of polar air from the southeast. This resulted in mo-
derate south southeasterly flow from the surface to ridge height un-
til shortly after sunset. Convective activity, although beginning
later in the day than on the 10th, appeared to be more intensive and
extensive with thunderstorms continiing well past midnight. The
thunderstorms caused some blowing dust during the middle of the af-
ternoon. At the sampler the southeasterly winds indicated tapping
of the boundary layer over the mountains. However, this layer con-
tained relatively high ratio dust, probably representing the combin-
ation of the high ratio dust from the east and the settled dust of
convective mixing.
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13 May 1968 3.9 HIGH a

On the 12th there was a marked decrease in convective activity. The
cumulonimbus stage was reached by mid-afternoon, but was confined to
the eastern edge of the basin where isolated patches of blowing dust
were spawned. Across the basin there was a nearly stationary north-
south oriented front. To the east of the front winds were moderate
south southeasterly and dewpoints were at the highest levels of the
entire sampling period; to the west winds were southwesterly and dew-
points some 14 0 C lower. The southwesterly winds at the sampler the
next morning apparently brought in free atmospheric dust.

14 May 1968 4.0 HIGH a

The localized nature of the blowing dust and the good visibility
during the afternoon indicate that the vertical transport was limited.
Thus, the southwesterly flow at Mule Peak the following morning could
be bearing high ratio free atmospheric dust.

15 May 1968 2.5 LOW

Weatherwise the 14th was similar to the 13th. Middle and high
cloudiness were increasing, surface winds were strong southwesterly,
convective activity was nil, and visibility remained good. In con-
trast, however, the surface winds remained moderate throughout the
night. The key to the low ratio on the morning of the 15th appears
to be the persistence of the wind field during the nighttime hours,
thereby allowing the basin floor dust to be transported to the sam-
pler by the westerly winds.

16 May 1968 3.4 HIGH a

The similarity in weather pattern continued, only this time the
moderate afternoon southwesterly basin winds diminished significant-
ly after sunset. The southwesterly winds at the sampler the follow-
ing morning could thus be tapping the free atmosphere.

17 May 1968 2.7 LOW

Clear skies, strong southwesterly winds and blowing dust from
noon to sunset characterized the 16th. At the sampler, westerly winds
probably carried in the "blowing dust" of the previous afternoon there-
by keeping the A/B ratio low.

18 May 1968 2.6 LOW

Early on the morning of the 17th, a nearly stationary northwest-
southeast oriented cold front moved slowly westward across the basin.
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By noon, the resultant northerly flow over the basin had returned to
westerly, but the speeds were light. Skies were clear except for
scattered afternoon fair weather cumulus clouds. South southeasterly
flow at the sampler the next morning was probably bringing in low ra-
tio Sacramento Mountain boundary layer dust.

19 May 1968 3.1 LOW A

On the 18th high clouds began to appear and basin winds were light
and variable. South southeasterly winds at the sampler once again pro-
bably tapped boundary layer dust from the surrounding mountains.
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APPENDIX B

ATMOSPHERIC DUST CONCENTRATIONS

The combined concentration (number per unit volume) of giant,
large and Aitken particles was monitored with a General Electric Con-
densation Nuclei Counter* (G. E. CNC), Cat. No. 112L428G1 with automa-
tic ranging. Because of the relatively low concentrations of large and
giant particles with respect to Aitken nuclei, the measured values
actually correspond to Aitken nuclei.

The G. E. CNC, designated as C in Fig. 3 was located on a concrete
platform near ground level along the northwest wall of the telescope
building. Local sources of contamination appeared to be negligible.
One obvious local source of Aitken nuclei was the motor generator
(used to provide power for the Observatory at that time) located
about 60 m northeast of the counter. However, during the periods
when concentrations were recorded, the surface wind was such that
little effect on the concentration from this source would be expected.

Hourly concentration (particles cm- 3 ) means were determined and
are displayed in Fig. 7. A reference line has arbitrarily drawn in
at a concentration of 104 cm- 3 . Concentrations ranged between 103
and 105 cm- 3 . Generally the lowest values occur during the early
morning prior to sunrise, the highest between sunrise and sunset.

Examination of the concurrent wind flow for the sampling periods
revealed that the concentrations were sensitive to wind, both speed
and direction, at the sampler and over the basin area. On the basis
of the limited amount of data obtained, the following generalizations
are offered:

(1) The lowest concentrations were observed not only at night,
but when the wind flow across the site ranged from east
through south, i. e., from the forested areas of the Gua-
dalupe Range. This is exemplified by the low concentrations

during the mornings of 30 April and 5 May. On the former
day the wind at the site veered from south to southwest at
0830 LST; on the latter day a similar veering did not occur
until the afternoon. That the concentration remained low
all during 4 May is attributed to the southeasterly flow at
the sampler all day.

Johnson, E. L., 1968: Condensation nuclei counter (G. E. Cat. No.

112L428). J. Rech. Atmos., III, 2 e, 105-108.
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Fig. 7 Mean hourly concentrations of Aitken particles (cm-3), Mule
Peak Observatory, 27 April - 7 May 1968.
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(2) The highest concentrations were noted with southwesterly to
westerly flow, the magnitude being roughly directly propor-
tional to the surface wind speed across the floor of the
basin. An example of this is the early rise in concentra-
tion on 6 May. This feature is attributed to strong south-
westerly winds across the basin which by 0800 to 0900 LST
were already gusting from 10 to 15 m sec- 1 .

31



ATMOSPHERIC SCIENCES RESEARCH PAPERS I,
1. Webb, W.L., "Development of Droplet Size Distributions in the Atmosphere," June

1954.
2. Hansen, F. V., and H. Rachele, "Wind Structure Analysis and Forecasting Methods

for Rockets," June 1954.
3. Webb, W. L., "Net Electrification of Water Droplets at the Earth's Surface," J. Me-

teorol., December 1954.
4. Mitchell, R., "The Determination of Non-Ballistic Projectile Trajectories," March

1955.
5. Webb, W. L., and A. McPike, "Sound Ranging Technique for Determining the Tra-

jectory of Supersonic Missiles," #1, March 1955.
6. Mitchell, R., and W. L. Webb, "Electromagnetic Radiation through the Atmo-

sphere," #1, April 1955.
7. Webb, W. L., A. McPike, and H. Thompson, "Sound Ranging Technique for Deter-

mining the Trajectory of Supersonic Missiles," #2, July 1955.
8. Barichivich, A., "Meteorological Effects on the Refractive Index and Curvature of

Microwaves in the Atmosphere," August 1955.
9. Webb, W. L., A. McPike and H. Thompson, "Sound Ranging Technique for Deter-

mining the Trajectory of Supersonic Missiles," #3, September 1955.
10. Mitchell, R., "Notes on the Theory of Longitudinal Wave Motion in the Atmo-

sphere," February 1956.
11. Webb, W. L., "Particulate Counts in Natural Clouds," J. Meteorol., April 1956.
12. Webb, W. L., "Wind Effect on the Aerobee," #1, May 1956.
13. Rachele, H., and L. Anderson, "Wind Effect on the Aerobee," #2, August 1956.
14. Beyers, N., "Electromagnetic Radiation through the Atmosphere," #2, January 1957.
15. Hansen, F. V., "Wind Effect on the Aerobee," #3, January 1957.
16. Kershner, J., and H. Bear, "Wind Effect on the Aerobee," #4, January 1957.
17. Hoidale, G., "Electromagnetic Radiation through the Atmosphere," #3, February

1957.
18. Querfeld, C. W., 'The Index of Refraction of the Atmosphere for 2.2 Micron Radi-

ation," March 1957.
19. White, Lloyd, "Wind Effect on the Aerobee," #5, March 1957.
20. Kershner, J. G., "Development of a Method for Forecasting Component Ballistic

Wind," August 1957.
21. Layton, Ivan, "Atmospheric Particle Size Distribution," December 1957.
22. Rachele, Henry and W. H. Hatch, "Wind Effect on the Aerobee," #6, February

1958.
23. Beyers, N. J., "Electromagnetic Radiation through the Atmosphere," #4, March

1958.
24. Prosser, Shirley J., "Electromagnetic Radiation through the Atmosphere," #5,

April 1958.
25. Armendariz, M., and P. H. Taft, "Double Theodolite Ballistic Wind Computations,"

June 1958.
26. Jenkins, K. R. and W. L. Webb, "Rocket Wind Measurements," June 1958.
27. Jenkins, K. R., "Measurement of High Altitude Winds with Loki," July 1958.
28. Hoidale, G., "Electromagnetic Propagation through the Atmosphere," #6, Febru-

ary 1959.
29. McLardie, M., R. Helvey, and L. Traylor, "Low-Level Wind Profile Prediction Tech-

niques," 41, June 1959.
30. Lasnberth, Roy, "Gustiness at White Sands Missile Range," #1, May 1959.
31. Beyers, N. J., B. Hinds, and G. Hoidale, "Electromagnetic Propagation through the

Atmosphere," #7, June 1959.
32. Beyers, N. J., "Radar Refraction at Low Elevation Angles (U)," Proceedings of the

Army Science Conference, June 1959.
33. White, L., 0. W. Thiele and P. H. Taft, "Summary of Ballistic and Meteorological

Support During IGY Operations at Fort Churchill, Canada," August
1959.

34. Hainline, D. A., "Drag Cord-Aerovane Equation Analysis for Computer Application,"
August 1959.

35. Hoidale, G. B., "Slope-Valley Wind at WSMR," October 1959.
36. Webb, W. L., and K. R. Jenkins, "High Altitude Wind Measurements," J. Meteor-

oL, 16, 5, October 1959.

_ AI



37. White, Lloyd, "Wind Effect on the Aerobee," #9, October 1959.
38. Webb, W. L., J. W. Coffman, and G. Q. Clark, "A High Altitude Acoustic Sensing

System," December 1959.
39. Webb, W. L., and K. R. Jenkins, "Application of Meteorological Rocket Systems,"

J. Geophys. Res., 64, 11, November 1959.
40. Duncan, Louis, "Wind Effect on the Aerobee," #10, February 1960.
41. Helvey, R. A., "Low-Level Wind Profile Prediction Techniques," #2, February 1960.
42. Webb, W. L., and K. R. Jenkins, "Rocket Sounding of High-Altitude Parameters,"

Proc. GM Rel. Symp., Dept. of Defense, February 1960.
43. Armendariz, M., and H. H. Monahan, "A Comparison Between the Double Theodo-

lite and Single-Theodolite Wind Measuring Systems," April 1960.
44. Jenkins, K. R., and P. H. Taft, "Weather Elements in the Tularosa Basin," July 1960.
45. Beyers, N. J., "Preliminary Radar Performance Data on Passive Rocket-Borne Wind

Sensors," IRE TRANS, MIL ELECT, MIL-4, 2-3, April-July 1960.
46. Webb, W. L., and K. R. Jenkins, "Speed of Sound in the Stratosphere," June 1960.
47. Webb, W. L, K. R. Jenkins, and G. Q. Clark, "Rocket Sounding of High Atmo-

sphere Meteorological Parameters," IRE Trans. Mil. Elect., MIL-4, 2-3,
April-July 1960.

48. Helvey, R. A., "Low-Level Wind Profile Prediction Techniques," #3, September
1960.

49. Beyers, N. J., and 0. W. Thiele, "Meteorological Wind Sensors," August 1960.
50. Armijo, Larry, "Determination of Trajectories Using Range Data from Three Non-

colinear Radar Stations," September 1960.
51. Carnes, Patsy Sue, "Temperature Variations in the First 200 Feet of the Atmo-

sphere in an Arid Region," July 1961.
52. Springer, H. S., and R. 0. Olsen, "Launch Noise Distribution of Nike-Zeus Mis-

siles," July 1961.
53. Thiele, 0. W., "Density and Pressure Profiles Derived from Meteorological Rocket

Measurements," September 1961.
54. Diamond, M. and A. B. Gray, "Accuracy of Missile Sound Ranging," November

1961.
55. Lamberth, R. L. and D. R. Veith, "Variability of Surface Wind in Short Distances,"

#1, October 1961.
56. Swanson, R. N., "Low-Level Wind Measurements for Ballistic Missile Application,"

January 1962.
57. Lamberth, R. L. and J. H. Grace, "Gustiness at White Sands Missile Range," #2,

January 1962.
58. Swanson, R. N. and M. M. Hoidale, "Low-Level Wind Profile Prediction Tech-

niques," #4, January 1962.
59. Rachele, Henry, "Surface Wind Model for Unguided Rockets Using Spectrum and

Cross Spectrum Techniques," January 1962.
60. Rachele, Henry, "Sound Propagation through a Windy Atmosphere," #2, Febru-

ary 1962.
61. Webb, W. L., and K. R. Jenkins, "Sonic Structure of the Mesosphere," J. Acous.

Soc. Amer., 34, 2, February 1962.
62. Tourin, M. H. and M. M. Hoidale, "Low-Level Turbulence Characteristics at White

Sands Missile Range," April 1962.
63. Miers, Bruce T., "Mesospheric Wind Reversal over White Sands Missile Range,"

March 1962.
64. Fisher, E., R. Lee and H. Rachele, "Meteorological Effects on an Acoustic Wave

within a Sound Ranging Array," May 1962.
65. Walter, E. L., "Six Variable Ballistic Model for a Rocket," June 1962.
66. Webb, W. L., "Detailed Acoustic Structure Above the Tropopause," J. Applied Me-

teoroL, 1, 2, June 1962.
67. Jenkins, K. R., "Empirical Comparisons of Meteorological Rocket Wind Sensors," J.

Appl. Meteor., June 1962.
68. Lamberth, Roy "Wind Variability Estimates as a Function of Sampling Interval,"

July 1962.
69. Rachele, Henry, "Surface Wind Sampling Periods for Unguided Rocket Impact Pre-

diction," July 1962.
70. Traylor, Larry, "Coriolis Effects on the Aerobee-Hi Sounding Rocket," August 1962.
71. McCoy, J., and G. Q. Clark, "Meteorological Rocket Thermometry," August 1962.
72. Rachele, Henry, "Real-Time Prelaunch Impact Prediction System," August 1962.



73. Beyers, N. J., 0. W. Thiele, and N. K. Wagner, "Performance Characteristics of
Meteorlogical Rocket Wind and Temperature Sensors," October 1962.

74. Coffman, J., and R. Price, "Some Errors Associated with Acoustical Wind Measure-
ments through a Layer," October 1962.

75. Armendariz, M., E. Fisher, and J. Serna, "Wind Shear in the Jet Stream at WS-
MR," November 1962.

76. Armendariz, M., F. Hansen, and S. Carnes, "Wind Variability and its Effect on Roc-
ket Impact Prediction," January 1963.

77. Querfeld, C., and Wayne Yunker, "Pure Rotational Spectrum of Water Vapor, I:
Table of Line Parameters," February 1963.

78. Webb, W. L., "Acoustic Component of Turbulence," J. Applied Meteorol., 2, 2,
April 1963.

79. Beyers, N. and L. Engberg, "Seasonal Variability in the Upper Atmosphere," May
1963.

80. Williamson, L. E., "Atmospheric Acoustic Structure of the Sub-polar Fall," May 1963.
81. Lamberth, Roy and D. Veith, "Upper Wind Correlations in Southwestern United

States," June 1963.
82. Sandlin, E., "An analysis of Wind Shear Differences as Measured by AN/FPS-16

Radar and AN/GMD-1B Rawinsonde," August 1963.
83. Diamond, M. and R. P. Lee, "Statistical Data on Atmospheric DeAign Properties

Above 30 kin," August 1963.
84. Thiele, 0. W., "Mesospheric Density Variability Based on Recent Meteorological

Rocket Measurements," J. Applied Meteorol., 2, 5, October 1963.
85. Diamond, M., and 0. Essenwanger, "Statistical Data on Atmospheric Design Prop-

erties to 30 km," Astro. Aero. Engr., December 1963.
86. Hansen, F. V., "Turbulence Characteristics of the First 62 Meters of the Atmo-

sphere," December 1963.
87. Morris, J. E., and B. T. Miers, "Circulation Disturbances Between 25 and 70 kilo-

meters Associated with the Sudden Warming of 1963," J. of Geophys.
Res., January 1964.

88. Thiele, 0. W., "Some Observed Short Term and Diurnal Variations of Stratospher-
ic Density Above 30 kin," January 1964.

89. Sandlin, R. E., Jr. and E. Armijo, "An Analysis of AN/FPS-16 Radar and AN/
GMD-1B Rawinsonde Data Differences," January 1964.

90. Miers, B. T., and N. J. Beyers, "Rocketsonde Wind and Temperature Measure-
ments Between 30 and 70 km for Selected Stations," J. Applied Mete-
orol., February 1964.

91. Webb, W. L., "The Dynamic Stratosphere," Astronautics and Aerospace Engineer-
ing, March 1964.

92. Low, R. D. H., "Acoustic Measurements of Wind through a Layer," March 1964.
93. Diamond. M., "Cross Wind Effect on Sound Propagation," J. Applied Meteorol.,

April 1964.
94. Lee, R. P., "Acoustic Ray Tracing," April 1964.
95. Reynolds, R. D., "Investigation of the Effect of Lapse Rate on Balloon Ascent Rate,"

May 1964.
96. Webb, W. L., "Scale of Stratospheric Detail Structure," Space Research V, May

1964.
97. Barber, T. L., "Proposed X-Ray-Infrared Method for Identification of Atmospher-

ic Mineral Dust," June 1964.
98. Thiele, 0. W., "Ballistic Procedures for Unguided Rocket Studies of Nuclear Environ-

ments (U)," Proceedings of the Army Science Conference, June 1964.
99. Horn, J. D., and E. J. Trawle, "Orographic Effects on Wind Variability," July 1964.

100. Hoidale, G., C. Querfeld, T. Hall, and R. Mireles, "Spectral Transmissivity of the
Earth's Atmosphere in the 250 to 500 Wave Number Interval," #1,
September 1964.

101. Duncan, L. D., R. Ensey, and B. Engebos, "Athena Launch Angle Determination,"
September 1964.

102. Thiele, 0. W., "Feasibility Experiment for Measuring Atmospheric Density Through
the Altitude Range of 60 to 100 KM Over White Sands Missile Range,"
October 1964.

103. Duncan, I. D., and R. Ensey, "Six-Degree-of-Freedom Digital Simulation Model for
Unguided, Fin-Stabilized Rockets," November 1964.



104. Hoidale, G., C. Querfeld, T. Hall, and R. Mireles, "Spectral Transmissivity of the
Earth's Atmosphere in the 250 to 500 Wave Number Interval," #2,
November 1964.

105. Webb, W. L., "Stratospheric Solar Response," J. Atmos. Sci., November 1964.
106. McCoy, J. and G. Clark, "Rocketsonde Measurement of Stratospheric Temperature,"

December 1964.
107. Farone, W. A., "Electromagnetic Scattering from Radially Inhomogeneous Spheres

as Applied to the Problem of Clear Atmosphere Radar Echoes," Decem-
ber 1964.

108. Farone, W. A., "The Effect of the Solid Angle of Illumination or Observation on the
Color Spectra of 'W~hite Light' Scattered by Cylinders," January 1965.

109. Williamson, L. E., "Seasonal and Regional Characteristics of Acoustic Atmospheres,"
J. Geophys. Res., January 1965.

110. Armendariz, M., "Ballistic Wind Variability at Green River, Utah," January 1965.
111. Low, R. D. H., "Sound Speed Variability Due to Atmospheric Composition," Janu-

ary 1965.
112. Querfeld, C. W., 'Mie Atmospheric Optics," J. Opt. Soc. Amer., January 1965.
113. Cofiman, J., "A Measurement of the Effect of Atmospheric Turbulence on the Co-

herent Properties of a Sound Wave," January 1965.
114. Rachele, H., and D. Veith, "Surface Wind Sampling for Unguided Rocket Impact

Prediction," January 1965.
115. Ballard, H., and M. Izquierdo, "Reduction of Microphone Wind Noise by the Gen-

eration of a Proper Turbulent Flow," February 1965.
116. Mireles, R., "An Algorithm for Computing Half Widths of Overlapping Lines on Ex-

perimental Spectra," February 1965.
117. Richart, H., "Inaccuracies of the Single-Theodolite Wind Measuring System in Bal-

listic Application," February 1965.
118. D'Arcy, M., "Theoretical and Practical Study of Aerobee-i50 Ballistics," March

1965.
119. McCoy, J., "Improved Method for the Reduction of Rocketsonde Temperature Da-

ta," March 2965.
120. Mireles, R., "Uniqueness Theorem in Inverse Electromagnetic Cylindrical Scatter-

ing," April 1965.
121. Cofiman, J., "'The Focusing of Sound Propagating Vertically in a Horizontally Stra-

tified Medium," April 1965.
122. Farone, W. A., and C. Querfeld, "Electromagnetic Scattering from an Infinite Cir-

cular Cylinder at Oblique Incidence," April 1965.
123. Rachele, H., "Sound Propagation through a Windy Atmosphere," April 1965.
124. Miers, B., "Upper Stratospheric Circulation over Ascension Island," April 1965.
125. Rider, L., and M. Armendariz, " A Comparison of Pibal and Tower Wind Measure-

ments," April 1965.
126. Roidale, G. B., "Meteorological Conditions Allowing a Rare Observation of 24 Mvi-

cron Solar Radiation Near Sea Level," Meteorol. Magazine, May 1965.
127. Beyers, N. J., and B. T. Miers, "Diurnal Temperature Change in the Atmosphere

Between 30 and 60 km over White Sands Missile Range," J. Atmos.
Sci., May 1965.

128. Querfeld, C., and W. A. Farone, "Tables of the Mie Forward Lobe," May 1965.
129. Farone, W. A., Generalization of Rayleigh-Gans Scattering from Radiafly Inhomo-

geneous Spheres," J. Opt. Soc. Amer., June 1965.
130. Diamond, M., "Note on Mesospheric Winds Above White Sands Missile Range," J.

Applied MeteoroL., June 1965.
131. Clark, G. Q., and J. G. McCoy, "Measurement of Stratospheric Temperature," J.

Applied Meteorol., June 1965.
132. Hall, T., G. Hoidale, R. Mireles, and C. Querfeld, "Spectral Transmissivity of the

Earth's Atmosphere in the 250 to 500 Wave Number Interval," #3,
July 1965.

133. McCoy, J., and C. Tate, "The Delta-T Meteorological Rocket Payload," June 1964.
134. Horn, J. D., "Obstacle Influence in a Wind Tunnel," July 1965.
135. McCoy, J., "An AC Probe for the Measurement of Electron Density and Collision

Frequency in the Lower Ionosphere," July 1965.
136. Miers, B. T., M. D. Kays, 0. W. Thiele and E. M. Newby, "Investigation of Short

Term Variations of Several Atmospheric Parameters Above 30 KCM,"
July 1965.



137. Serna, J., "An Acoustic Ray Tracing Method for Digital Computation," September
1965.

138. Webb, W. L., "Morphology of Noctilucent Clouds," J. Geophys. Res., 70, 18, 4463-
4475, September 1965.

139. Kays, M., and R. A. Craig, "On the Order of Magnitude of Large-Scale Vertical Mo-
tions in the Upper Stratosphere," J. Geophys. Res., 70, 18, 4453-4462,
September 1965.

140. Rider, L.. "Low-Level Jet at White Sands Missile Range," September 1965.
141. Lamberth, R. L., R. Reynolds, and Morton Wurtele, "The Mountain Lee Wave at

White Sands Missile Range," Bull. Amer. Meteorol. Soc., 46, 10, Octo-
ber 1965.

142. Reynolds, R. and R. L. Lamberth, "Ambient Temperature Measurements from Ra-
diosondes Flown on Constant-Level Balloons," October 1965.

143. McCluney, E., "Theoretical Trajectory Performance of the Five-Inch Gun Probe
System," October 1965.

144. Pena, R. ard M. Diamond, "Atmospheric Sound Propagation near the Earth's Sur-
face," October 1965.

145. Mason, J. B., "A Study of the Feasibility of Using Radar Chaff For Stratospheric
Temperature Measurements," November 1965.

146. Diamond, M., and R. P. Lee, "Long-Range Atmospheric Sound Propagation," J.
Geophys. Res., 70, 22, November 1965.

147. Lamberth, R. L., "On the Measurement of Dust Devil Parameters," November 1965.
148. Hansen, F. V., and P. S. Hansen, "Formation of an Internal Boundary over Heter-

ogeneous Terrain," November 1965.
149. Webb, W. L., "Mechanics of Stratospheric Seasonal Reversals," November 1965.
150. U. S. Army Electronics R & D Activity, "U. S. Army Participation in the Meteoro-

logical Rocket Network," January 1966.
151. Rider, L. J., and M. Armendariz, "Low-Level Jet Winds at Green River, Utah," Feb-

ruary 1966.
152. Webb, W. L., "Diurnal Variations in the Stratospheric Circulation," February 1966.
153. Beyers, N. J., B. T. Miers, and R. J. Reed. "Diurnal Tidal Motions near the Strato-

pause During 48 Hours at WSMR," February 1966.
154. Webb, W. L., "The Stratospheric Tidal Jet," February 1966.
155. Hall, J. T., "Focal Properties of a Plane Grating in a Convergent Beam," February

1966.
156. Duncan, L. D., and Henry Rachele, "Real-Time Meteorological System for Firing of

Unguided Rockets." February 1966.
157. Kays, M. D., "A Note on the Comparison of Rocket and Estimated Geostrophic Winds

at the 10-mb Level," J. Appl. Meteor., February 1966.
158. Rider, L., and M. Armendariz, " A Comparison of Pibal and Tower Wind Measure-

ments," J. Appi. Meteor., 5, February 1966.
159. Duncan, L. D., "Coordinate Transformations in Trajectory Simulations," February

1966.
160. Williamson, L. E., "Gun-Launched Vertical Probes at White Sands Missile Range,"

February 1966.
161. Randhawa, J. S., Ozone Measurements with Rocket-Borne Ozonesondes," March

1966.
162. Armendariz, Manuel, and Laurence J. Rider, "Wind Shear for Small Thickness Lay-

ers," March 1966.
163. Low, R. D. H., "Continuous Determination of the Average Sound Velocity over an

Arbitrary Path," March 1966.
164. Hansen, Frank V., "Richardson Number Tables for the Surface Boundary Layer,"

March 1966.
165. Cochran, V. C., E. M. D'Arcy, and Florencio Ramirez, "Digital Computer Program

for Five-Degree-of-Freedom Trajectory," March 1966.
166. Thiele, 0. W., and N. J. Beyers, "Comparison of Rocketsonde and Radiosonde Temp-

eratures and a Verification of Computed Rocketsonde Pressure and Den-
sity," April 1966.

167. Thiele, 0. W., "Observed Diurnal Oscillations of Pressure and Density in the Upper
Stratosphere and Lower Mesosphere," April 1966.

168. Kays, M. D., and R. A. Craig, "On the Order of Magnitude of Large-Scale Vertical
Motions in the Upper Stratosphere," J. Geophy. Res., April 1966.

169. Hansen, F. V., "The Richardson Number in the Planetary Boundary Layer," May
1966.

3



170. Ballard, H. N., "The Measurement of Temperature in the Stratosphere and Meso-
sphere," June 1966.

171. Hansen, Frank V., "The Ratio of the Exchange Coefficients for Heat and Momentum
in a Homogeneous, Thermally Stratified Atmosphere," June 1966.

172. Hansen, Frank V., "Comparison of Nine Profile Models for the Diabatic Boundary
Layer," June 1966.

173. Rachele, Henry, "A Sound-Ranging Technique for Locating Supersonic Missiles,"
May 1966.

174. Farone, W. A., and C. W. Querfeld, "Electromagnetic Scattering from Inhomogeneous
Infinite Cylinders at Oblique Incidence," J. Opt. Soc. Amer. 56, 4, 476-
480, April 1966.

175. Mireles, Ramon, "Determination of Parameters in Absorption Spectra by Numerical
Minimization Techniques," J. Opt. Soc. Amer. 56, 5, 644-647, May 1966.

176. Reynolds, R., and R. L. Lamberth, "Ambient Temperature Measurements from Ra-
diosondes Flown on Constant-Level Balloons," J. Appl. Meteorol., 5, 3,
304-307, June 1966.

177. Hall, James T., "Focal Properties of a Plane Grating in a Convergent Beam," Appl.
Opt., 5, 1051, June 1966

178. Rider, Laurence J., "Low-Level Jet at White Sands Missile Range," J. Appl. Mete-
orol., 5, 3, 283-287, June 1966.

179. McCluney, Eugene, "Projectile Dispersion as Caused by Barrel Displacement in the
5-Inch Gun Probe System," July 1966.

180. Armendariz, Manuel, and Laurence J. Rider, "Wind Shear Calculations for Small
Shear Layers," June 1966.

181. Lamberth, Roy L., and Manuel Arm'ndariz, "Upper Wind Correlations in the Cen-
tral Rocky Mountains," June 1966.

182. Hansen, Frank V., and Virgil D. Lang, "The Wind Regime in the First 62 Meters of
the Atmosphere," June 1966.

183. Randhawa, Jagir S., "Rocket-Borne Ozonesonde," July 1966.
184. Rachele, Henry, and L. D. Duncan, "The Desirability of Using a Fast Sampling Rate

for Computing Wind Velocity from Pilot-Balloon Data," July 1966.
185. Hinds, B. D., and R. G. Pappas, "A Comparison of Three Methods for the Cor-

rection of Radar Elevation Angle Refraction Errors," August 1966.
186. Riedmuller, G. F., and T. L. Barber, "A Mineral Transition in Atmospheric Dust

Transport," August 1966.
187. Hall, J. T., C. W. Querfeld, and G. B. Hoidale, "Spectral Trarismissivity of the

Earth's Atmosphere in the 250 to 500 Wave Number Interval," Part
IV (Final), July 1966.

188. Duncan, L. D. and B. F. Engebos, "Techniques for Computing Launcher Settings
for Unguided Rockets," September 1966.

189. Duncan, L. D., "Basic Considerations in the Development of an Unguided Rocket
Trajectory Simulation Model," September 1966.

190. Miller, Walter B., "Consideration of S:me Problems in Curve Fitting," September
1966.

191. Cermak, J. E., and J. D. Horn, "The Tower Shadow Effect," August 1966.
!92. Webb, W. L., "Stratospheric Circulation Response to a Solar Eclipse," October 1966.
193. Kennedy, Bruce, "Muzzle Velocity Measurement," October 1966.
194. Traylor, Larry E., "A Refinement Technique for Unguided Rocket Drag Coeffic-

ients," October 1966
195. Nusbaum, Henry, "A Reagent for the Simultaneous Microscope Determination of

Quartz and Halides," October 1966.
196. Kays, Marvin and R. 0. Olsen, "Improved Rocketsonde Parachute-derived Wind

Profiles," October 1966.
197. Engebos, Bernard F. and Duncan, Louis D., "A Nomogram for Field Determina-

tion of Launcher Angles for Unguided Rockets," October 1966.
198. Webb, W. L., "Midlatitude Clouds in the Upper Atmosphere," November 1966.
199. Hansen, Frank V., "The Lateral Intensity of Turbulence as a Function of Stability,"

November 1966.
200. Rider, L J. and M. Armendariz, "Differences of Tower and Pibal Wind Profiies,"

November 1966.
201. Lee, Robert P., "A Comparison of Eight Mathematical Models for Atmospheric

Acoustical Ray Tracing," November 1966.
202. Low, R. D. H., et al., "Acoustical and Meteorological Data Report SOTRAN I and

II," November 1966.



203. Hunt, J. A. and J. D. Horn, "Drag Plate Balance," December 1966.
204. Armendariz, M., and H. Rachele, "Determination of a Representative Wind Profile

from Balloon Data," December 1966.
205. Hansen, Frank V., "The Aerodynamic Roughness of the Complex Terrain of White

Sands Missile Range," January 1967.
206. Morris, James E., "Wind Measurements in the Subpolar Mesopause Region," Jan-

uary 1967.
207. Hall, James T., "Attenuation of Millimeter Wavelength Radiation by Gaseous

Water," January 1967.
208. Thiele, 0. W., and N. J. Beyers, "Upper Atmosphere Pressure Measurements With

Thermal Conductivity Gauges," January 1967.
209. Armendariz, M., and H. Rachele, "Determination of a Representative Wind Profile

from Balloon Data," January 1967.
210. Hansen, F. V., "The Aerodynamic Roughness of the Complex Terrain of White Sands

Missile Range, New Mexico," January 1967.
211. D'Arcy, Edward M., "Some Applications of Wind to Unguided Rocket Impact Pre-

diction," March 1967.
212. Kennedy, Bruce, "Operation Manual for Stratosphere Temperature Sonde," March

1967.
213. Hoidale, G. B., S. M. Smith, A. J. Blanco, and T. L. Barber, "A Study of Atmosphe-

ric Dust," March 1967.
214. Longyear, J. Q., "An Algorithm for Obtaining Solutions to Laplace's Titad Equa-

tions," March 1967.
215. Rider, L. J., "A Comparison of Pibal with Raob and Rawin Wind Measurements,"

April 1967.
216. Breeland, A. H., and R. S. Bonner, "Results of Tests Involving Hemispherical Wind

Screens in the Reduction of Wind Noise," April 1967.
217. Webb, Willis L, and Max C. Bolen, "The D-region Fair-Weather Electric Field,"

April 1967.
218. Kubinski, Stanley F., "A Comparative Evaluation of the Automatic Tracking Pilot-

Balloon Wind Measuring System," April 1967.
219. Miller, Walter B., and Henry Rachele, "On Nonparametric Testing of the Nature of

Certain Time Series," April 1967.
220. Hansen, Frank V., "Spacial and Temporal Distribution of the Gradient Richardson

Number in the Surface and Planetary Layers," May 1967.
221. Randhawa, Jagir S., "Diurnal Variation of Ozone at High Altitudes," May 1967.
222. Ballard, Harold N., "A Review of Seven Papers Concerning the Measurement of

Temperature in the Stratosphere and Mesosphere," May 1967.
223. Williams, Ben H., "Synoptic Analyses of the Upper Stratospheric Circulation Dur-

ing the Late Winter Storm Period of 1966," May 1967.
224. Horn, J. D., and J. A. Hunt, "System Design for the Atmospheric Sciences Office

Wind Research Facility," May 1967.
225. Miller, Walter B., and Henry Rachele, "Dynamic Evaluation of Radar and Photo

Tracking Systems, " May 1967.
226. Bonner, Robert S., and Ralph H. Rohwer, "Acoustical and Meteorological Data Re-

port - SOTRAN III and IV," May 1967.
227. Rider, L. J., "On Time Variability of Wind at White Sands Missile Range, New Mex-

ico," June 1967.
228. Randhawa, Jagir S., "Mesospheric Ozone Measurements During a Solar Eclipse,"

June 1967.
229. Beyers, N. J., and B. T. Miers, "A Tidal Experiment in the Equatorial Stratosphere

over Ascension Island (8S)", June 1967.
230. Miller, W. B., and H. Rachele, "On the Behavior of Derivative Processes," June 1967
231. Walters, Randall K., "Numerical Integration Methods for Ballistic Rocket Trajec-

tory Simulation Programs," June 1967.
232. Hansen, Frank V., "A Diabatic Surface Boundary Layer Model," July 1967.
233. Butler, Ralph L., and James K. Hall, "Comparison of Two Wind Measuring Sys-

tems with the Contraves Photo-Theodolite," July 1967.
234. Webb, Willis L., "The Source of Atmospheric Electrification," June 1967.



2:15. Hinds. B. D., "Radar Tracking Anomalies over an Arid Interior Basin," August 1967.
2:36. Christian, Larry 0., "Radar Cross Sections for Totally Reflecting Spheres," August

1967.
237. D'Arcy, Edward M., "Theoretical Dispersion Analysis of the Aerobee 350," August

1967.
238. Anon., "Technical Data Package for Rocket-Borne Temperature Sensor," August

1967.
239. Glass, Roy I., Roy L. Lamberth. and Ralph D. Reynolds. "A High Resolution Con-

tinuous Pressure Sensor Modification for Radiosondes," August 1967.
240. Low, Richard D. H.. "Acoustic Measuiement of Supersaturation in a Warm Cloud,"

August 1967.
241. Rubio. Roberto. and Harold N. Ballaid, "Time Response and Aerodynamic Heating

of Atmospheric Temperature Sensing Elements," August 1967.
242. Seagraves, Mary Ann B.. "Theoretical Performance Characteristics and Wind Effects

for the Aerohee 150." August 1967.
243. Duncan, Louis Dean, "Channel Capacity and Coding," August 1967.
244. Dunaway, G. L., and Mary Ann B. Seagraves, "Launcher Settings Versus Jack Set-

tings for Aerobee 150 Launchers - Launch Complex 35, White Sands
Missile Range, New Mexico," August 1967.

245. Duncan, Louis D., and Bernard F. Engebos, "A Six-Degree-of-Freedom Digital Com-
puter Program for Trajectory Simulation," October 1967.

246. Rider, Laurence J., and Manuel Armendariz, "A Comparison of Simultaneous Wind
Profiles Derived from Smooth and Roughened Spheres," September
1967.

247. Reynolds, Ralph D., Roy L. Lamberth, and Morton G. Wurtele, "Mountain Wave
Theory vs Field Test Measurements," September 1967.

248. Lee, Robert P., "Probabilistic Model for Acoustic Sound Ranging," October 1967.
249. Williamson, L. Edwin, and Bruce Kennedy, "Meteorological Shell for Standard Artil-

lery Pieces - A Feasibility Study," October 1967.
250. Rohwer, Ralph H., "Acoustical, Meteorological and Seismic Data Report - SOTRAN

V and VI," October 1967.
251. Nordquist, Walter S., Jr., "A Study in Acoustic Direction Finding," November 1967.
252. Nordquist, Walter S., Jr., "A Study of Acoustic Monitoring of the Gun Probe Sys-

tem," November 1967.
253. Avara, E. P., and B. T. Miers, "A Data Reduction Technique for Meteorological

Wind Data above 30 Kilometers," December 1967.
254. Hansen, Frank V., "Predicting Diffusion of Atmospheric Contaminants by Considera-

tion of Turbulent Characteristics of WSMR," January 1968.
255. Randhawa, Jagir S., "Rocket Measurements of Atmospheric Ozone," January 1968.
256. D'Arcy, Edward M., "Meteorological Requirements for the Aerobee-350," January

1968.
257. D'Arcy, Edward M., "A Computer Study of the Wind Frequency Response of Un-

guided Rockets," February 1968.
258. Williamson, L. Edwin, "Gun Launched Probes - Parachute Expulsion Tests Under

Simulated Environment." February 1968.
259. Beyers, Norman J., Bruce T. Miers, and Elton P. Avara, "The Diurnal Tide Near

the Stratopause over White Sands Missile Range, New Mexico," Febru-
ary 1968.

260. Traylor, Larry E., "Preliminary Study of the Wind Frequency Response of the Honest
John M50 Tactical Rocket," March 1968.

261. Engebos, B. F., and L. D. Duncan. "Real-Time Computations of Pilot Balloon
Winds," March 1968.

262. Butler, Ralph and L. D. Duncan, "Empirical Estimates of Errors in Double-Theo-
dolite Wind Measurements," Februaiy 1968.

263. Kennedy, Bruce, et al., "Thin Film Temperature Sensor," March 1968.
264. Bruce, Dr. Rufus, James Mason, Dr. Kenneth White and Richard B. Gomez, "An

Estimate of the Atmospheric Propagation Characteristics of 1.54 Micron
Laser Energy," March 1968.



265. Ballard, Harold N., Jagir S. Randhawa, and Willis L. Webb, "Stratospheric Circula-
tion Response to a Solar Eclipse," March 1968.

266. Johnson, James L., and Orville C. Kuberski, "Timing Controlled Pulse Generator,"
April 1968.

267. Blanco, Abel J., and Glenn B. Hoidale, "Infrared Absorption Spectra of Atmospheric
Dust," May 1968. 4

268. Jacobs, Willie N., "Automatic Pibal Tracking System," May 1968.
269. Morris, James E., and Marvin D. Kays, "Circulation in the Arctic Mesosphere in Sum-

mer," June 1968.
270. Mason, James B., "Detection of Atmospheric Oxygen Using a Tuned Ruby Laser,"

June 1968.
271. Armendariz, Manuel, and Virgil D. Lang, "Wind Correlation and Variability in Time

and Space," July 1968.
272. Webb, Willis L., "Tropospheric Electrical Structure," July 1968.
273. Miers, Bruce T., and Elton P. Avara, "Analysis of High-Frequency Components of

AN/FPS-16 Radar Data," August 1968.
274. Dunaway, Gordon L., "A Practical Field Wind Compensation Technique for Unguid-

ed Rockets," August 1968.
275. Seagraves, Mary Ann B., and Barry Butler, "Performance Characteristics and Wind

Effects for the Aerobee 150 with VAM Booster," September 1968.
276. Low, Richard D. H., "A Generalized Equation for Droplet Growth Due to the Solu-

tion Effect," September 1968.
277. Jenkins, Kenneth R., "Meteorological Research, Development, Test, and Evaluation

Rocket," September 1968.
278. Williams, Ben H., and Bruce T. Miers, "The Synoptic Events of the Stratospheric

Warming of December 1967 - January 1968," September 1968.
279. Tate, C.L., and Bruce W. Kennedy, "Technical Data Package for Atmospheric

Temperature Sensor Mini-Loki," September 1968.
280. Rider, Laurence J., Manuel Armendariz, and Frank V. Hansen, "A Study of Wind

and Temperature Variability at White Sands Missile Range, New Mexi-
co," September 1968.

281. Duncan, Louis D., and Walter B. Miller, "The Hull of a Channel," September 1968.
282. Hansen, Frank V., and Gary A. Ethridge, "Diffusion Nomograms and Tables for

Rocket Propellants and Combustion By-Products," January 1968.
283. Walters, Randall K., and Bernard F. Engebos, "An Improved Method of Error Con-

trol fo- Runge-Kutta Numerical Integration," October 1968.
284. Miller, Walter B., "A Non-Entropy Approach to Some Topics in Channel Theory,"

November 1968.
285. Armendariz, Manuel, Laurence J. Rider, and Frank V. Hansen, "Turbulent Charac-

teristics in the Surface Boundary Layer," November 1968.
286. Randhawa, Jagir S., "Rocket Measurements of the Diurnal Variation of Atmospheric

Ozone," December 1968.
287. Randhawa, Jagir S., "A Guide to Rocketsonde Measurements of Atmospheric Ozone,"

January 1969.
288. Webb, Willis L., "Solar Control of the Stratospheric Circulation," February 1969.
289. Lee, Robert P., "A Dimensional Analysis of the Errors of Atmospheric Sound Rang-

ing," March 1969.
290. Barber, T. L., "Degradation of Laser Optical Surfaces," March 1969.
291. D'Arcy, E. M., "Diffusion of Resonance Excitation Through a One-Dimensional Gas,"

March 1969.
292. Randhawa, J. S., "Ozone Measurements from a Stable Platform near the Strato-

pause Level," March 1969.
293. Rubio, Roberto, "Faraday Rotation System for Measuring Electron Densities,"

March 1969.
294. Olsen, Robert, "A Design Plan for Investigating the Atmospheric Environment As-

sociated with High Altitude Nuclear Testing," March 1969.
295. Monahan, H. H., M. Armendariz, and V. D. Lang, "Estimates of Wind Variability

Between 100 and 900 Meters," April 1969.
296. Rinehart, G. S., "Fog Drop Size Distributions - Measurement Methods and Evalu-

ation," April 1969.



297. D'Arcy, Edward M., and Henry Rachele, "Proposed Prelaunch Real-Time Impact
Prediction System for the Aerobee-350 Rocket," May 1969.

298. Low, Richard D. H., "A Comprehensive Report on Nineteen Condensation Nuclei
(Part I - Equilibrium Growth and Physical Properties)," May 1969.

299. Randhawa, J..S., "Vertical Distribution of Ozone in the Winter Subpolar Region,"
June 1969.

300. Rider, Laurence J., and Manuel Armendariz, "Vertical Wind Component Estimates
up to 1.2km Above Ground, July 1969.

301. Duncan, L. D., and Bernard F. Engebos, "A Rapidly Converging Iterative Technique
for Computing Wind Compensation Launcher Settings for Unguided Roc-
kets," July 1969.

302. Gomez, R. B. and K. 0. White, "Erbium Laser Propagation in Simulated Atmos-
pheres I. Description of Experimental Apparatus and Preliminary Re-
sults,"July 1969.

303. Hansen, Frank V., and Juana Serna, "A Dimensionless Solution for the Wind and
Temperature Profiles in the Surface Boundary Layer," September 1969.

304. Webb, Willis L., "Global Electrical Currents," October 1969.
305. Webb, Willis L., "The Cold Earth," October, 1969.
306. Johnson, Neil L., "Program Description for the Automatic Graphical Presentation

of Atmospheric Temperature-Pressure Data on a Skew T, Log P diagram
'SKEWT'," September 1969.

307. Hoidale, G. B., A. J. Blanco, N. L. Johnson, and R. V. Doorey, "Variations in the
Absorbtion Spectra of Atmospheric Dust," October 1969.



UNCLASSIFIED
Security Classification

DOCUMENT CONTROL DATA.- R SO D
(S.-tir el-rhosij"g, .1 HHOO, body. of b.t-.tI .d Inde..in -SanffoI, M ...t II.* o wd phe the eve,.fI -*PCf J . I.asoffjejj

1. ORIGINATING ACTIVITY (CGmporel. .. dho) ai.. REPORT SECURITY CLASSIFICATION

U. S. Army Electronics Command Unclassified
Fort Monmouth, New Jersey GRP

3. REPORT TITLE

VARIATIONS IN THE ABSORPTION SPECTRA OF ATMOSPHERIC DUST

A. DESCRtIPTI VE NOTES (
2

yp@ of. rpartfincdooimi. dotes)

S. AUTIIORIS) (First IOSS mid&& inithia. last nooie)

G. B. Hoidale, A. J. Blanco, N. L. Johnson, R. V. Doorey

6. REPORT DATE 74, TOTAL NO. OF PAGES hNOOPES

October 19693 N 0'"17
118. CONTRACT OR GRANT NO. So.ý ORIGINATOWS RE9PORT NUWDURRISI

b. PROJECT NO. ECOM-5274

Task No.1T061102B53A-.20 91r. OTHER REPORT NOIS) (Ay *5Off .sillS,. 111111 mOW 60 m4411HO1

10. OISTRISKITION STATEMEISNT

Distribution of this report is unlimited.

11. SUPPLEMENTARY NOTES 12. SPON4SORING MILITARY ACTIVITY

IAtmospheric Sciences Laboratory
U.S. Army Electronics Command

jWhite Sands Missile Range, New Mexico
I12. A69TOACT

Six impactor and 99 membrane filter samples of atmospheric dust were collected
atop a mountain in south central New Mexico during April and May 1968. Quali-
tative analysis of these samples by infrared absorption spectroscopy in the
4000 to 250 'cm-1 wavenumber (2.5 to 40p wavefen'gth) range revealed that the
positions and relative intensities of the absorption bands were dependent on
the size fraction of the dust,1tti o1Zathe time the sample was taken. Within
the 1250 to 770/'cm-1 (8 to 13P 'itmospheric ~dow the micron-sized (giant)
particles exhibited a peek absorption at 1027/cm

4 y(9.709 whellp~h ,s.bmco
(large) particles had their peak absorption rt llO8/c~<9O . ese* two
absorption bands are induced, respectively, by silicate clays and by amonium
sulfate. A tymporal,,,arlation was observed in the ratip ýEt ntnite of 'the 1027 =t (9.7p,)fshicate and the 1425,44m (7.045 carnodate absorption
bands of the giant particles. This ratio 1 vas high during the early morning,
at times of convective activity and precipitation and at times of cold frontal
passage from the east; it was low during the afternoon and at times of convec-
tive inactivity and no precipitation. The low ratio dust is attributed to
advection of fresh spU. particles from the exchange layer over the adjacent
basin and mountains and the high ratio dust to advection of fresh soil parti-
cles from the Great Plains and aged soil particles from the overlying free
atmosphere.

D D om ,''.10473 . UNCLASSIFIED

security clesSSiIcetles



IK. LINK A LINK 0 LINK C
KEY WONOS

OLET WT ROL WWT

1. Atmospheric Aerosol

2. Dust Spectra

3. Spectrophotometry

4. Meteorological Effects

UNCLASSIFIED
su t Clseitiofl ArLC/HArS. 0

9
d-.


