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A preliminary study of the adiabatic generation and
dissipation of kinetic energy by meridional and
zonal winds over India and neighbourhood
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AB'iTItACT. Th e generation a nd dill'lipa tion of'klnet tee uergy by t be meen meridional e nd aone! wind s in
the free a tmos phere ha ve been estimated for th e Indian region duting; winter. It if! fuund thllt kmct ic energy
i>l genera ted by meridional motion and cou eumed by zonal mot inn. 1'11f maguitudee of th ese an' largest in the
up per t ropo sph ere . The resul te arc in gelwra l aercemem with tboee found by K ling for t he Amerlcen ('OUtill(>llt.

1. Introduction

2. Energetics of the atmosphere

2. 1. The t hree kinds of energy with which we
are concerned in atmospheric ene rgetics a re, in­
tcmal energy (I ), potential energy (P ) and
kinetic energy (K ). Per unit mass of the atmos­
phere the values of th ese quantitie.., are given by :

dK, 1 I
~ = - - V. \lp - glC +- V.F (6)
'.. p p

In Equs. (I) to (6) the sulrseript 1 refers to unit
mass nud t he rema ining sym bols ha ve the follow­
ing mea nings:

p, p,T : Pressure,' density and absolute tempe­
rature of the air

ell Specific heat of air at constant volume

V Three dimensional velocitv vecto r whose
zonal, meridional and ,·~rtical eompo­
nents are U, tJ and to

II Heat absorbed per unit t ime

F Frictional force per unit volum e

9 Acceleration due to gravity,

2.2. The rute of chnuge of the three kinds of
energy for t he entire at mosphere is obta ined by

Making lise of the First Law of Thermodyna­
mics, t he Equation of Continu ity and t he Equa­
tions of ~Iotion . the time rute of change of these
quan t iti es ~1O be readi ly shown (' Viin-Nielscll
1968) to be

~: ' = ll -~ \l . V (4)

dP,-cit = g .. (Ii)
.

(1)

(2)

(3)

P, = g z

K, = ~ (,,' + v' + ,,' )

Th e mai ntenance of t he gencra l ci rculation of
the atmosphere demands a cont inual replenish­
ment of the kinet ic energ)' which is lost by
frictional d issipat ion. The avemge rate at
which t he kinetic energy of th e earth '~ at mos­
phere is being di ssipated was estimated long ago
by Brunt (1931) to be of the onler of Ii watts
in n vertical column of I m2 cross-section. He
also est imated that more than half of the dissi­
pation occurs in the first 1 km above the surface.
It is remarkable that these estimates remain, by
and large , to I., of the right onle r in the light of
recent studies based on observational data which
were not a vai lable when Brunt made his esti ­
mates. The frictional loss of kinet ic energy has to
he ultimately made up hy the conversion of heat
energy into kineti c energy hy atmospher ic proc­
esses.•
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