content of the surface waves, distinct,
inversely dispersed Rayleigh waves with
periods of about 8 to 15 seconds were
recorded at Addis Ababa, Ethiopia (A
= 35.5°), from both events in Algeria.
In contrast, Gumper at Lamont has
found that earthquakes in Algeria re-
corded at Addis Ababa generate Ray-
leigh waves belonging to the normally
dispersed portion of the continental
group-velocity curve in the period range
15 to 36 seconds.

In Fig. 2, we have plotted the indi-
vidual station determinations of M, for
the 27 February 1965 event in Algeria
as a function of azimuth. The M, values
are relatively high in the east-northeast
and northwest directions. This effect is
evident in the seismograms from Shiraz
(Iran), Quetta (Pakistan), New Delhi
(India), and Shillong (India) where
Rayleigh waves of relatively larger am-
plitudes were recorded. All of the varia-
tions in M values may be an effect of
the propagation path or of structural
asymmetry in the geologic setting of the
source region.

Well-developed Love waves from the
event of 27 February 1965 were record-
ed at seven of the 34 stations which re-
corded distinguishable Rayleigh waves.
These seven stations cover the range of
16° to 125° in azimuth. The presence
of these Love waves is a further indica-
tion that some asymmetrical forces
were acting at the origin (13).

The events in southern Algeria gen-
erated much smaller surface waves than
would be expected from earthquakes of
comparable body-wave magnitudes. The
results illustrate a significant difference
in the M, versus m, relationships be-
tween earthquakes and large under-
ground explosions. Although this dif-
ference has been investigated previously
(14), it assumes a new importance as
the result of the study of these three
recent explosive events.

ROBERT C. LIEBERMANN
Paur W. PoMEROY
Lamont Geological Observatory,
Columbia University,
Palisades, New York
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Isotropy of Cosmic Background
Radiation at 4080 Megahertz

Abstract. We have examined an 18-
hour-long record made as part of our
program .of measurements of the fluxes
of a number of discrete radio sources.
Since our radiometer employed an ab-
solute reference, it was possible to ob-
tain absolute background data from the
reference region observed around each
of the 29 sources investigated that day.
From the study of a plot mode from
this data, we conclude that there is no
large-scale deviation from isotropy of
more than 0.1°K at 4080 megahertz.

In the original report of our meas-
urement of the background tempera-
ture at 4080 Mhz (I) we stated that
it was “within the limits of our observa-
tions, isotropic, unpolarized, and free
of seasonal variation.” While the total
limit of error in our absolute value
was 1.0°K, only the incremental calibra-
tion of the reference termination and,
to a lesser extent, our determination
of atmospheric absorption contributed
to the error in our isotropy measure-
ment. The estimated error in our

isotropy measurement was therefore ap-
proximately 10 percent. Our coverage
at that time included points on the
zenith where the background tempera-
ture was measured and the paths of de-
creasing elevation f(generally to the
south) along which we measured the
atmospheric radiation. In addition, some
data along lines of constant declina-
tion, never more than a few hours in
length, were taken (i) with the antenna
pointed at our zenith (declination ~
40°), (ii) in the region near Cas A,
and (iii) across the galactic plane at
five declinations (2). The latter two
were largely base lines for drift-curve
observations. In all these cases, our
clear-weather observations were consist-
ent with the conclusion that any varia-
tions observed were caused by radiom-
eter noise fluctuations and the warming
of the reference termination.

We have received a communication
from D. W. Sciama which suggests
(3) that the universe may be anisotropic
on a scale of Z ~ 1, with associated an-
isotropy in the microwave background.
We have therefore reexamined our 4080
Mcs records in order to place, if pos-
sible, a limit on the anisotropy of the
background radiation lower than the
one described above, and with more sys-
tematic sky coverage. We are report-
ing here the results of the analysis
of a record that provides a sensitive
test for anisotropy and yet covers a
large portion of the available sky. In
particular, it covers the region near
the north galactic pole, which has been
reported by Strittmatter et al. (4) to
contain a large number of highly red-
shifted quasars.

The observations were made, during
an 18-hour period on 4 and 5 March
1965, as part of a program of meas-
urements of the fluxes of a number
of discrete radio sources. Since the
radiometer employed an absolute refer-
ence, it was possible to obtain absolute
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Fig. 1. Relative background temperature at various points in the sky. Plus signs indicate
higher than average temperatures and minus signs lower. Points with deviations greater

than 0.1°K have been circled.
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background data from the reference re-
gions observed around each of the 29
sources investigated that day. The raw
data obtained from the record is the
difference in temperature between the
reference termination and the antenna
terminal for each direction.

The data were first corrected for
variations in antenna temperature, with
elevation, due to both atmospheric ab-
sorption and antenna feed polarization
changes. This latter effect is the result
of the receiver being stationary as the
antenna elevation changes. At the time
of these measurements the effective tem-
perature of the two principal polariza-
tions of the antenna differed by about
1°K. This effect was due to higher horn
loss (later corrected) and higher back
lobe levels in the longitudinal polariza-
tion. The constraints of scheduling ob-
servations caused us to observe several
high-declination sources at low eleva-
tions, and thus our results are not
critically dependent on the parameter
used in making these corrections.

When these corrected temperature
differences were plotted as a function of
time of observation, we found, as ex-
pected, a linear variation in their mean
corresponding to a “warming” of the
reference termination of 0.033°K/hr.
The measured points were divided into
four classes and plotted on a map of
the sky (Fig. 1). Points above the mean
line are indicated by plus signs and
those below by minus signs. Deviations
greater than 0.1°K are circled (5). In
only one case (3C410) is the deviation
greater than 0.2°K, and that source is
near the galactic plane. Its location is
marked by a filled circle. From a study
of this plot we conclude there is no
large-scale deviation from isotropy of
more than 0.1°K.

R. W. WiLsoN
A. A. PENziAs
Bell Telephone Laboratories,
Crawford Hill Laboratory,
Holmdel, New Jersey
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Rotation of the Sun

Abstract. Dicke has interpreted his
recent measurement of the sun’s oblate-
ness as implying a fast (l.8-day pe-
riod) rotation of the solar radiative in-
terior. We find that differentially rotat-
ing solar models, such as the one pro-
posed by Dicke, are unstable. The
rate of turbulent diffusion in the un-
stable regions of these models is so
rapid that it appears to preclude a fast-
spinning solar interior. As a corollary
of the stability analysis, we conclude
that the loss of a significant fraction
of a star’s angular momentum must
be accompanied by the mixing of ma-
terial below its convective zone. Such
mixing inevitably leads to the deple-
tion of lithium in the star’s photosphere.

Dicke (I) has recently measured a
solar oblateness of 5 X 10—% and has
ascribed this observation to a rapidly
rotating solar radiative interior (2). In
any model of this kind, the angular
momentum per unit mass must some-
where decrease with distance from the
rotation axis. We have found the flow
in a region of this type to be unstable
to small perturbations. The physical na-
ture of the instability and its implica-
tions are our main concern here.

For simplicity, we focus our atten-
tion on a cylindrically symmetric, dif-
ferentially rotating, compressible fluid.
A fixed gravitational field is assumed
to act radially inward (toward the rota-
tion axis). In the unperturbed state
there is a balance between the gravita-
tional, centrifugal, and pressure forces.
We consider an axisymmetric per-
turbation of the basic state which con-
sists of the interchange of fluid rings
initially located at different radii. The
displacement of the fluid rings is as-
sumed to take place so slowly that they
are always in pressure equilibrium with
their surroundings. For the moment,
we shall neglect the effects of thermal
conductivity and viscosity. Therefore,
there is no heat transfer between a dis-
placed fluid element and its surround-
ings, and each fluid ring retains its
initial angular momentum. If energy is
released by the exchange of fluid rings,
we would expect the motion to be un-
stable. The two types of energy that
need to be considered are the Kkinetic
energy of the fluid, due to its rotational
motion, and its potential energy, due
to its position in the gravitational field.

In regions where the angular momen-
tum per unit mass decreases outward
from the rotation axis, it is well known

that rotational kinetic energy is re-
leased by the interchange (3). Where
the density field is stably stratified (as
it is in the radiative interior of the
sun) work must be done to supply the
gravitational potential energy needed
to interchange the rings. In the solar
model proposed by Dicke, the work
required to exchange fluid rings adia-
batically is always greater than the ro-
tational kinetic energy that can be re-
leased by their interchange. This has
led Dicke to claim stability for his
model (2). However, stellar perturba-
tions are neither adiabatic nor inviscid.
The smoothing of temperature fluctua-
tions by radiative transfer will always
act to diminish the temperature dif-
ference between the displaced rings
and their surroundings. This will re-
duce the work required to overcome the
stable stratification in the solar radia-
tive interior. No matter how large
a displaced fluid element may be, if it
moves sufficiently slowly its tempera-
ture will approach that of its sur-
roundings. Thus, finite thermal diffu-
sivity in the solar interior may be ex-
pected to produce instability (in regions
where the angular momentum per unit
mass decreases outward) even though
stability is predicted for adiabatic per-
turbations. We must bear in mind that
the release of rotational kinetic energy
during the exchange of fluid rings de-
pends upon the retention of angular
momentum by the displaced rings.
Thus, viscous diffusion will act to de-
stroy the source of energy that drives
the instability. In the sun, thermal dif-
fusion is much more rapid than viscous
diffusion; the ratio of thermal diffu-
sivity to kinematic viscosity in the solar
interior is of order 105. Therefore, the
temperature of a displaced fluid ring
will closely approach the temperature
of its surroundings before angular mo-
mentum can diffuse either into or out
of the ring. Hence, viscosity will not
prevent instabilities from arising in re-
gions where the angular momentum per
unit mass decreases outward.

Our heuristic discussion of stability,
which is based on energetic considera-
tions, does not provide a rigorous proof
of instability. Even if an exchange of
fluid rings is energetically favorable,
the fluid may not possess modes that
can release the energy. In other words,
the motions that were considered in the
heuristic discussion may not be com-
patible with the fluid equations. For this
reason, we have verified the heuristic
stability criterion by means of a com-
plete linear perturbation analysis (4).
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