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ABSTRACT

Attention is called to a simple theoretical kinematical study of the gradient of any cosmic

scalar field in the universe, which might be used for an alternative interpretation for the very recent

results obtained by COBE regarding the matter density gradient and in turn the temperature gradient

in the universe.
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The recent results which were obtained by COBE regarding the matter density gradient
and the temperature gradient in the universe [1], have motivated the author to generalize the pro-
cedure which is used in dynamical meteorology in studying the temperature gradient in the earth's
atmosphere. This procedure is developed by using the function F(x,y,z,t) which is defined as
follows (c.f. [2]):

IT-±\VT\ (i)

where

dt dt
is the differentiation following motion with respect to time, T is the temperature field in the earth's
atmosphere, v is the velocity vector and V = ( ^ , •§-, J j ) is the gradient vector. This function
gives an indication of increasing or decreasing or remaining constant of the temperature gradient
according to its sign either positive or negative or zero, respectively.

The definition (1) can be generalized for any cosmic measurable scalar field S which can

be defined using the energy momentum tensor T^. For instance the scalar:

p = g^Tlut (3)

represents the matter density p of a perfect fluid where the pressure inside the fluid is zero, which

is the case of our nowadays universe. The function F can be defined in a natural way in curved

space-time with metric g^, as follows:

F. - f (4)
dr

where

G = (g^S^Su)^2 , (5)

is a time-like covariant vector, T is the cosmic time and fi, t/ = 0,1,2,3. Carrying our the neces-

sary manipulations, it is possible to prove that Fg has the following form:

F9 = £ <T Sw- S, uCT (7)

where S^ is the usual covariant derivative with respect to x a and uff = ^r.

Using the expression (7) of Fg, the second derivative of the absolute value of the gradient

of any cosmic scalar field S, with respect to the cosmic time r, is given by:

( 8 )



The expression (8) might be of interest in studying the extremes of the gradient of S with respect
to the cosmic time r.

Now, it is of interest to calculate the function Fg in different cosmological models. In
the case of Friedmann-Robertson-Walker (Big Bang model), the metric tensor g^ of this model;
in spherical polar coordinates (r, 6, <p); is given by [3]:

0 ^ = 0 for fj,^i/ ffoo = l, gn = _ 2 , 922 = -R2(T)T2

and
933 = -R2(r)r2 sin2 9 (9)

where R( r) is the scale or expansion factor and A; is a constant which takes the values +1 or zero

or — 1 if the universe is closed or flat or open, respectively. The expression of Fg in this case is

given by:
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R(T) = —A_i r = and (sin^) = — - — .
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Since the COBE results [1] confirmed the anisotropy of the universe which is consistent

with the anisotropy which can be produced by a small perturbation of the FRW metric (or in other

words the anisotropy of the universe is of the same order of the anisotropy which can be produced

by a small perturbation of the FRW metric), then it is of interest to calculate Fg in the perturbed

FRW universe. Such perturbed model was investigated by many authors, regarding the influence

of such penurbations of the FRW metric on the density and temperature variations (fluctuations) in

the universe (c.f. [4], [5], [6], [7], [8], [9], [10] (and references therein). The penurbed line element

of the FRW universe when k = 0 is given; in Cartesian comoving coordinates x1, x2 and x3; by:

da2 = R2(TJ) (drf -[T]ab + hab(x)] dxa dxb) (11)

where o, b = 1,2,3, the Cartesian comoving coordinates x 1 ,x 2 , x 3 are related to the spherical
polar comoving coordinates r, 8, <p by the usual spherical polar transformations, r\ is a new time
variable which is defined in terms of the cosmic time r as follows:



the chosen gauge are /iOo = /*oi = ^02 = /103 = 0 (this gauge is different from the Sachs and Wolfe
gauge [5]), TjQ6 = 0 when a J b,rjn = "Wi = 7733 = 1 and the perturbation hab(x) are assumed to
be small quantities, i.e. the quadratic terms in hat are negligable. The solutions of the Einstein's
field equations for the line element (11) was given in an explicit form by Eq.(22), p.76 in Sachs and
Wolfe's paper, which show that in this hab there are parts which represent the gravitational waves
and other parts are responsible for the density fluctuations in the universe. The general form of Fg

for such perturbed universe is given by:
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The expression (13) gives the change of the absolute value of the gradient of any scalar cosmic field

S with respect to the cosmic time r. The author believes that the expression (13) might be of help

in the confrontation between different theoretical cosmological models and the avaliable or future

observations.
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