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When a parcel of air is cooled adiabatically, the degree
of cooling will determine the degree to which the water
vapor in the air will saturate or supersaturate the parcel.
The Gardner condensation nucleus counter is a hand-
carried instrument that is used to collect an air sample
and subject it to an adiabatic expansion. The degree of
supersaturation achieved in the expanding in this type of
counter may vary, but typically it is 200 percent. Under
these conditions, a large percentage of the Aitken
(< 0.1 ttM) particles in the air sample are able to nucle-
ate water droplet growth. The density of the resulting
"fog" that is produced in the sampling chamber is used
to determine, from a calibration curve, the concentration
of particles in the air sample.

Many Aitken nuclei concentration measurements have
been made in many parts of the world. The range of
values observed is wide, typical concentrations being
10",/cubic centimeter in densely populated regions, and a
few hundred/cubic centimeter in mid-ocean locations in
calm conditions. Measurements also have been made
from aircraft, giving distributions with height above the
earth's surface (Junge, 1963).

Measurements of Aitken nuclei concentrations were
made over the snow surface at McMurdo, Siple, Byrd,
and South Pole Stations, during the 1969-1970 and 197 1-
1972 austral summers. The results obtained (using a
Gardner counter) are presented in the table.

The mean value decreases from about 1,000/cubic
centimeter at McMurdo to 1 50/cubic centimeter at
South Pole. The South Pole values agree within a factor
of 1.5 with values observed in mid-ocean locations. The
reduction with distance from the ocean on exposed land
masses might partially be explained by lower atmospheric
pressures, as reported by Junge, but also appears to con-
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The surface of the inland ice sheet modifies the lower
antarctic atmosphere by two principal processes. Thermo-
dynamically, the radiative cooling of the surface effects
the cooling of upper air layers and thus creates and
maintains the temperature inversion. Aerodynamically,
surface friction transforms kinetic energy into turbulent
energy, thereby governing the vertical shear of wind
speed and direction. Although the two processes are not
independent, the transport of heat and that of momentum
can be separated analytically.

Analysis of abundant micrometeorological data from
the 32-meter tower at Plateau Station revealed some re-
markable characteristics of the friction layer as it relates
to the extreme temperature inversion. Data were grouped
into 13 independent classes according to thermodynamic
stability and azimuth of the surface stress. Preliminary
results are illustrated in the table. The friction layer's
height, denoted as Z in the table, is that at which the
effect of surface friction vanishes. In most cases, the
value of Z must be considered an estimate, since for its

Aitken nuclei concentrations (N).

Mean value
Number of	 nuclei/cubic centimeter
observations	 (N)

12	 960±10

16	 460±6

18	 250±9

7	 150±20
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Measurement
	

Altitude (kilometers)
site	 above mean sea level

McMurdo

Byrd	 1.5

Siple	 0.8

South Pole	 2.8
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computation observed wind profiles were extrapolated
beyond 32 meters. In several instances, however, Z is
within 10 meters of the tower's top. Values of Z in mid-
latitudes generally are at least 10 times greater than those
computed for Plateau Station (where extreme atmos-
pheric stability has been measured). Presumably this
must affect determinations of the friction layer's height,
although systematic reduction in Z with increasing sta-
bility can be seen only within the 400 to 600 azimuth
class and otherwise appears to be independent of relative
stability. No definite relationship between stability and
friction layer height was found in the 13 classes. The
value of Z could not be determined in two of them.

The values of friction velocity \/'7given in the
table, range from 5 to 18 centimeters per second with
most between 9 and 14 centimeters per second. By com-
parison, computed values of friction velocity at the South
Pole (Dalrymple et al., 1966) were found to be between
10 and 30 centimeters per second, at Little America V
(Lettau et al., 1967) between 20 and 40 centimeters
per second, and at Maudheim (Lilejequist, 1957) be-
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tween 9 and 35 centimeters per second for windspeeds
comparable to those at Plateau Station. Since friction
velocity or surface stress increase with wind speed, sur-
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Friction parameters grouped according to relative stability S, and
azimuth of the surface stress a.

a	 N	Z
	

C4	 C
	

E6	 d
	

hK	hp
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4
	1
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1
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1
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	0.021	0.16
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5
	2
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	0.021	0.05	14°

	
3
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22	44	13.8
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60. 80 0	15	48	10.3
	

0.037
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80. 120 0	15	24	11.5	0.035
	0.017
	0.04
	

88°
	

4
	

1

N is the number of half hourly averages used; Z the height of the friction layer in meters; TO/P the friction velocity in cen-
timeters per second; C4 the drag coefficient using wind speed at 4 meters; C the drag coefficient using average wind speed of
the friction layer; E the total kinetic energy dissipated from the mean flow; h 1 height in meters of the boundary layer as de-
fined by Kraus, and h as defined by Prandtl; d is the 32 meter wind direction.
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face properties at various stations can better be compared
in terms of the drag coefficient C = \/ 7/V (where
V is a characteristic wind speed). If V is the wind speed
at 4 meters, C4 at Plateau is 0.035 as compared to 0.037
at Little America and 0.042 at South Pole. The standard
deviation of the 11 values of C 4 computed at Plateau
Station is reduced when the reasonable assumption is
made that V be the average geostrophic speed in the
computed friction layer. The average drag coefficient
then becomes 0.020.

The total energy E t loss due to surface friction was
computed by using the relation

E t = Vgo To cos Cc 0'

where Vg,, is the surface geostrophic wind, T,, the
surface stress, and w 0 the angle between the two. The
total energy (dissipation of kinetic energy) shown in the
table varies from 0.01 to 0.16 watts/M 2, depending on
both the surface stress value and the wind speed in the
free atmosphere above the friction layer. The mean value
of 0.05 watts/M 2 is 40 times smaller than the estimated
mean global E t value of 2 watts/M2 and is roughly four
orders of magnitude less than incoming solar radiation.
The effect of frictional heating in the total heat budget
therefore is negligibly small.

The upper limit of the surface boundary layer is de-
fined as that height at which the vertical flux of kinetic
energy becomes nondivergent; that is, where

ifff =0
(Kraus, 1972). These heights are given in the table as
hk . For comparison, h gives the height of the surface
boundary layer defined by that layer where r. - T is
less than or equal to 0.1 To.

Fig. 1 schematically illustrates the method used in
computing friction layer characteristics. All class mean
wind hodographs were assumed to represent non-acceler-
ated flow with no vertical motion. The coordinate system
was defined so that the negative v axis was directed
along the 1/2 meter wind vector with the u axis directed
90 0 to the left. The system's mean difference between
the observed v component and the geostrophic vg com-
ponent must be identically zero when integrated over the
friction layer. The analogous u-u,, difference in the
friction layer must be equal to TO/p . Note that Ug and
vg are not constant with height, but decrease upward
due to the influence of a large thermal wind vector
(having the components of u and v 1 ). This arises due
to the inversion slope produced by the topographic
gradient (Lettau and Schwerdtfeger, 1967; Schwerdtfeger
and Mahrt, 1968). Assuming an inversion slope of
1/1000 at 60 0 azimuth, the thermal wind vector was
computed from the mean observed temperature gradient
for each class. The resulting ageostrophic hodograph is
assumed to depend only on friction. Figs. 2a and 2b illus-
trate observed hodographs and resulting computed stress
spirals. Results appear very encouraging for each class
with a surface stress azimuth greater than 40 0 . These

have shapes similar to that shown in fig. 2a. The assump-
tions apparently do not hold true for the other cases, as in
fig. 2b. Airflow from the 270° to 360 0 sector may have
been disturbed by internal wave motion as occasionally
was evidenced by wave cloud observations, and therefore
may violate the assumption of geostrophic balance. Fur-
ther analysis of less stable cases as well as additional
wind azimuth groups is planned.
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1972 solar cosmic ray events
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During 1972 we observed 9 solar cosmic ray events
with greater than 0.4 decibel absorption at 30 megahertz
(table). This compared to 11 in 1971 and 14 in 1970.

The August 2 and 7, 1972, solar cosmic ray events
were the largest observed since the McDonnell Douglas
Polar Station Program began operation in February 1962
(Baker et al., 1972; Masley and Baker, 1972). Our
analysis of riometer data suggests that the peak intensities
for >10 megaelectronvolts were comparable to those
during the November 12, 1960, event. During this event,
the McMurdo Station area experienced only short periods
of daylight, as shown by the arrows in fig. 1. Shepherd
Bay Station had continuous sunlight down to 30 kilo-
meters, although the earth's shadow reached a higher
level each day and was at 23 kilometers on August 10.
A significant diurnal effect is shown in the data.

Riometer absorption at 30 megahertz began to increase
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