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ON THE ROTATION OF THE UNIVERSE
Stephen Hawking

(Received 1968 September 19)

Summary

This paper discusses the possibility that the Universe could possess 2
scale, homogeneous, vorticity. The limit that can be placed on the p
value of this vorticity from the present observations of the microwave
ground is between 10714 and 7 x 10717 rad yr~! if the Universe is sp
closed and about 2 x 10~48/(present density in g cm~3) rad yr—1 if it is
If the observations were extended over the whole sky it might be p¢
to decide whether, in fact, the Universe is open. It is also shown that vis
tends to reduce vorticity though not sufficiently to produce the p
limits from arbitrary initial conditions unless the present density has th
low value of 2-5 x 10733 g cm—3.

1. Introduction. Recent observations by Partridge & Wilkinson (1g
that the microwave background radiation is isotropic to within o- 5 pe1
a circle near the equator. Whatever explanation one accepts of the o
radiation, it seems to be fairly generally agreed that it must have
freely towards us from a distance of the order of the Hubble radius.
assumed that the radiation would appear equally isotropic to othg

138 Stephen Hawking Vol. 142
Thus for small g,
dzﬁ 2dB 2] 23
e tdt+2 [I e%ot B=o, (5.11)
B = Y32 [AJ3(Y)+BJ3(Y)], (5.12)

where 4 and B are constant matrixes and ¥ = 34/2 [ e%]~1/31/3, Thus

= Fi—£e204 ... ]+Ge 3/2e=[1 4 e* %04 .. 1
3 5-13

where F and G are constant matrices.

5.2 Observations. If the model were isotropic (i.e. B = o) the equation of a
null geodesic would be, Ky constant, K% = = [K,K,]¥/2. Thus by Section
3.2, the observed temperature of the radiation will be to the first order,

Tr = TeX 1 +p'Ur!(1— A)—pipi(Br— Br)isl,

where p? is a unit space-like vector in the direction of observation and

(5-14)

round other circles in the sky, it follows that, on a large scale, the Universe
must be described by one of the Robertson—-Walker models (Hawking & Ellis

geneities and large scale anisotrop

(1968)). Departures from such a model may be divided roughly into inhomo-
. The effect of the former on the back

round
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Figure 1. The 8 regions of the FRIEND-Water program during the
phase 2018-2022.

the orientations of the Strategic Plan for the THP-IX that was
adopted by the 24th Session of the Intergovernmental Coun-
cil of the UNESCO IHP (UNESCO, 2021).

acerbated with large scale climatic phenomenon as El Niiio,
producing droughts or floods, being more remarkable on both
sides of the Andes. over Pacific coast and Amazonian regions
{(Rau et al.. 2018). Therefore, researches are expected to pro-
vide reliable databases, scientific evidence and communicate
to improve water management practices.

The Andes of South America and their surrounding basins
are regions sensitive to climate change and tectonic events.
Feedback between climate, tectonics and anthropogenic ac-
tivities has a profound impact on the current landscape. Addi-
tionally, such processes have a significant impact on the bio-
diversity of species. Our investigations use thermochronol-
ogy and quantitative geomorphology techniques to model the
landscape evolution and analyze the influence of these inter-
actions on biodiversity. A combined effect of increased tec-
tonic, climatic and anthropogenic activities produces an in-
crease in the sedimentation rates of rivers. Through numer-
ical modeling, thermochronology and cosmogenic nuclides
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