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ABSTRACT

The parameters of conventional atmospheric tidal theory which vary from planet to planet are isolated
and evaluated for Earth, Mars and Venus. The assumptions of tidal theory are investigated in order to

determine their validity for Mars and Venus.

1. Introduction

All rotating planets are subject to periodic heating.
The period will be the solar day (though there will be
significant harmonic distortion leading to periodicities
which are integral fractions of a solar day as well). The
response of the atmosphere to this forcing can be a
problem as involved as the study of the general circula-
tion; but for the earth a simplified theory has been
moderately successful. Both this theory and terrestrial
observations are discussed in detail in a monograph by
Chapman and Lindzen (1970). Some more recent
theoretical developments to which I shall refer in this
paper are to be found in a set of papers (Lindzen, 1970a,
b; Lindzen and Blake, 1970). In this paper I will sketch
terrestrial tidal theory with special reference to its
dependence on parameters which vary from planet to
planet. I will also describe in detail those factors which
can lead to the breakdown of the assumptions involved
in terrestrial tidal theory. The values of the above
mentioned parameters and the nature of the factors on
Venus and Mars will be discussed. It will become clear
that terrestrial tidal theory provides useful information
about Mars; its applicability to Venus is much more
questionable.

2. Review of terrestrial tidal theory
a. Major assumptions

Chapman and Lindzen (1970) describe many assump-
tions and/or approximations involved in terrestrial tidal
theory. Of these, four prove most important as limita-
tions on the usability of the theory:

1) Tides may be considered as linear perturbations on
a mean basic atmospheric state.

2) Horizontal variations in the mean basic tempera-
ture and pressure are ignored, as are mean motions.

3) Dissipative mechanisms (eddy and molecular
diffusion, radiation, ion drag) are ignored.

4) No account is taken of surface topography. The
earth is assumed to be a smooth sphere; longitudinal
variations of radiation absorbing gases are ignored.

b. Equations

Subject to the above assumptions (as well as some less
important ones), the following are our equations for
tidal perturbations:
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In Egs. (1)-(6) the symbols are defined as follows:

6 co-latitude

longitude

altitude

radius of the rotating sphere
rotation of the planet
velocity in the @ direction
velocity in the ¢ direction
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w vertical velocity

T temperature
8p } tidals density }
op pressure

J thermo-tidal heating per unit mass per unit time

T, temperature
{po } basic{density }ﬁelds
Py pressure
H RT/g

R gas constant for atmosphere

g acceleration of gravity

¢, heat capacity at constant volume

The value of J, on earth, is due to insolation absorption
by H:0O (0-18 km) and O3 (18-72 km). Extreme ultra-
violet (EUV) absorption by Os, N3 and O is important
for the earth’s thermosphere. The geometry used is
shown in Fig. 1.

In general, we assume a vertical distribution 7'y(2)
where po and po are then related to T (through the
hydrostatic pressure relation and the perfect gas law) as
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Egs. (1) and (2) involve northerly and westerly mo-
mentum, Eq. (3) is the hydrostatic pressure relation,
(4) the equation of continuity, (5) the thermodynamic
energy equation, and (6) the linearized perfect gas law.

¢. Mathematical procedure
Our procedure involves seeking solutions of the form
f(B,2)eit oo, ©)

where ¢ =2n7(1 solar day)™, =1, 2, ---, and s (the
zonal number) =0, £1, &= 2, -- .. Having assumed the
time and longitude dependence given by (9), we reduce
our equations to a single equation in the dependent
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where y=c¢,/¢,. This particular choice of a variable turns
out to simplify mathematical manipulation. In addition,
once a solution for y is obtained it proves easy to relate
other fields (u, v, w, 6T, 8T, 8p) to y. Next we replace z
as our vertical coordinate by
2dz
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This step, too, is motivated primarily by convenience.
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Fic. 1. Coordinates used in tidal theory.

The equation thus obtained for ¥ is separable in its
and @ dependence. Let

y=2_ ¥a(2)0(0). (12)

The equation from which the @,’s are obtained is
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f=0/2w and [ (40%w?)/gh,) T is the separation constant
which is usually described in terms of %,, known as an
equivalent depth. Eq. (13) is called Laplace’s tidal equa-
tion. If we require that @, be bounded at the poles, then
(13) defines an eigenfunction-eigenvalue problem where
{0©,} for all # is the set of eigenfunctions, known as
Hough functions, and {k,} for all n is the set of
eigenvalues.

How (13) is solved is described in Chapman and
Lindzen (1970). {©.,} is an orthogonal set of what are,
as far as we know, complete functions. Thus, we may
expand J (%, 0) as

J =2 Ju(#)©.(6). (14)

The equation for the vertical structure of the nth
Hough mode is then given by
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where k= (y—1)/y. The solution of (15) requires two
boundary conditions. The assumption that the earth is
a smooth sphere leads to the condition that w, the
vertical velocity, is zero at z=0. Expressed in terms of






