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AFPPLICATIONS
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Rocket grenade Wtudisa-ef the upper atmosphere
A, F. D. Scott .

Department of Physfice [iverdity College London

1, Introducticn

Since 1957 a U.K. programme of upper atmosphere studies of
wind and temperature has been carried ocut using the rocket grenade
technique. Measurements of peutral atmospheric structure are
made up to 100 km by analysis of the travel timea of acoustical
waves from the grenade burats to the ground.  From these and other
atudiea the diatributions of mean temperature, pressure, density
and winds have been tabulated in geveral model atmospheres as
functions of altitude, season and latitude.

The main features of the variations in the temperature
profiles are that at the stratopause (about 50 km) the temperature
is greatest near the summer pole and decreases through the equator
to the winter pole, and that at the mesocpause {about 85 km) the
latitudinal temperGtitdl FHNAFRCE Dd:Drarersdd] MARBNhighest
temperatures towards the.winter pole; .the latter is contrary to
calculations of temperdtufe irom raaidtionsl heating, and theories
of chemical heatini &ad:braRay.ct28nEpert by dybakiibal processes
have beeuy propoged to explaipsthe:smepaly.

The prevailing winds in the stratosphere and mesosphere are
driven by the seasonally varying pressure inequalities associated
with the temperature variations; thege winds are mainly zonal
(west-east) with meridional winds being small by comparison, At
50°N apnd at 60 kT there is 8 maximum weaterly wind during winter
of about 80 m 87" and a maximue easterly wind during summer of
about 60 m a-1. ‘

Superimposed on the provailing atmospheric¢ motion are
various typea of disturbance:

(a) Plenctary waves with periods of several days and which
can be seen as deviations from symmetrical circulation patterns
occurring in middle and high latitudes.

{b) Tidal oscillations with periods which are integral
fractions of the solar and lunar day and which are global in scale.

{c) Interna) gravity waves with periods of minutes or hours
and with horizontal wavelengthe of a few thousand kilometres.

(d} Infrasonic waves with periods of a few minutes or less.
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During summer the stratospheric circulation ie symmetrical
and centred over the pole, High latitude temperature profilea
are smooth up to 100 km and show little deviation from mean
values. However at high latitude during winter the deviation
from the mean is much greater and the mesoaspheric temperaturs
profiles are highly structured. These diaturbances are thought
to be associated with planetary and gravity waves and will be
examined with referance to recent rocket grenade experiments
carried out from ESRANGE in northern Sweden.

2. Stratogpheric warmings and planetary waves

Increasea in temperature of 60°C or more occurring over a
few days in the winter stratosphere are known as stratoapheric
warnings. Major warmings mey occur during mid-winter when the
pelar vortex splite into two southward moving parts; warm air
replaces. cold air over the pole and the latitudinal temperature
gradient is reversed. The westerly circulation collapses to be
replaced by weak easterly winds, but within a few weeks the
wintertime cireulation is restored. In the initial astages of
& warming a system of warm air moves across the pressure contours
towards higher latitudes. As the pressure gradient increases
and the ;armins builds up, winds mey increase to aa high as
231 m a=1.

These departures from a symmetrical circulation pattern
can be described in terms of wave components. Significant
correlations have been noted between tropospheric and strato-
spheric flow by analysia of these wave components. Planetary
scale disturbances have been traced upwards te 70 km by analysis
of rocket data and have appeared at about 100 km from radar
observations of meteor trails.

3. Gravity waves

Temperature profiles in the high latitude winter mesosphere
exhibit wave-like features which are commonly connected with
changes of teamperature of 30 to 40 K per hour and with large
wind ghears. The vertical wavelength (10 to 15 km) and period
(about 2 hours) of the chserved temperature fluctuations are
consigtent with the gravity-wave theory. Possible sources for
these waves may include tropospheric thunderstorms and frontal
systems, instabilitieas in the jet stream, the effects of winds
blowing over mountains and volcanic and nuclear explosions.
Recent studies show that the stratospheric circulation may alao
be important both for preventing gravity wave propagation upwards
into the mesosphere and as a generator of gravity waves.
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Fig. 1  Mean temperature profiles at 70°N for
summer and winter
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Summertime temperature profiles from N. Sweden




