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WHY HAS URANUS TOPPLED OVER? 
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URANUS is unique among the planets in the solar 
system because its spin axis lies in its orbital plane. 
Whereas the spin axes of the neighbouring Saturn 
and Neptune show a tilt of 27° and 29° from the 
normal to their orbital planes (similar to the case of 
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Earth and Mars), the tilt is 98° in the case of 
Uranus. We argue here that the peculiar rotation of 
Uranus is due to a tidal encounter of proto-Uranus 
with a massive passing planetary body in the early 
.solar system, that may still be deleted as the tenth 
planet., ' . 

In analogy with the specific models for Jupiter 
and Saturn, one presumes that, irrespective of the 
actual mechanism of their formation, the outer 
Jovians Uranus and Neptune have also passed 
through three major phases from their origin to the 
present l . 

The first phase was characterized by a slow 
contraction of the planetary mass, on a Kelvin­
Helmholtz time-scale of a few million years. In the 
second phase, the proto-planet underwent rapid 
collapse on a free-fall time-scale of a few years. 
During this phase, the shrinking proto-planet shed 
an equatorial disc, from which the satellite system 
formed. The third phase again involved slow 
contraction and is still continuing. 

The present-day parameters of Uranus are as 
follows: mass 8.7 x 1028 g, equatorial radius 2.5 x 
109 cm, oblateness 0.024, rotation period 17.24 h, 
angular momentum '" 2 x 1043 g cm2 s -1. Our start­
ing point however is an extended proto-Uranus that 
is yet to go into free fall. It is slowly rotating about 
an axis that, like in Saturn and Neptune, has an 
unexplained yet acceptable tilt of 28°. 

At this stage the proto-planet of mass M and 
semi-major axes a1 = a2 > a3 undergoes a tidal 
encounter with a planetary body of mass M' passing 
by with a velocity v and at a pericentric distance p. 
The perturber transfers to proto-Uranus an angular 
momentum whose components are2 

2GM' 
Ji = 2 (lkk - I jj ) CX jk · 

P v 
(1) 

Here the indices i, j, k cyclically take the values 1, 
2, 3. Iii is the nloment of inertia tensor of the proto­
planet. CXjk = 2PjPk + v/Jk - bjk , with p, v being unit 
vectors along p, v respectively: p. v = O. 

Equation (1) has been derived using impulse 
approximation3 and generalizes Peebles' well-known 
result4 derived in the context of proto-galaxies. Note 
from equation (1) that, if the proto-planet is axi­
symmetric, the transferred angular momentum 
would be about an axis in the equatorial plane: 

J=-e2 GM _1 _, 
1 (a )2 M' 
5 p v 

(2) 
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w here we have ignored the angular dependences. 
Here e is the eccentricity of the proto-planet: 
a~ = ai (1- e2

) • . If this tidally introduced angular 
momentum is about three times the initial angular 
momentum, which is about the perpendicular axis, 
then the net angular momentum would make an 
angle of 70° with the original direction so that, now, 
rotation would be about an axis tilted at 98° to the 
normal to the orbital plane. It is this axis that would 
be the new axis of symmetry, and satellite disc would 
form in the new equatorial plane. 

There are no clues to the parameters of the tidal 
encounter. The proto-planetary mass however would 
not have been much different from the present-day 
Uranian mass. (It would have been slightly higher, 
see below.) If proto-lJranus had an eccentricity of 
0.7 (corresponding to an oblateness of 0.3), and if the 
encounter was a grazing one: p = 2a 1, we can write 
from equation (2), 

M'/M 
J = 4 x 1042 E g cm 2 s - 1 

vjkms- 1 ' 
(3) 

where ME is the mass of the earth. 

If this angular momentum is to correspond to the 
present-day angular momentum of Uranus, the 
dimensional parameter M'jv should have a numerical 
value of 5. Thus the perturbing body could have 
been a 5M E planetary body moving with a velocity 
of 1 km s - 1; or even a 100M E body with a velocity 
of about 20 km s - 1. The tidal encounter would add 
to the internal energy of proto-Uranuss 

Assuming the pericentric distance p to be twice 
the proto-planetary equatorial radius, which in turn 
is set equal to ten times the present Uranian radius, 

bU 
we see that - '" 1, so that proto-Uranus would 

lUI 
not be disrupted. The outer layers of proto-Uranus 
may however be torn off as a result of this close, 
though brief, encounter. 

The outer Jovians are indeed enigmatic. Mostly 
rock and ices, both Uranus and Neptune are 
short of hydrogen and helium gases. Uranus has 
peculiar rotational properties, even though its 
satellite system is normal. On the other hand, while 
Neptune itself is normal, it has but two pre-Voyager2 
moons, both irregular. Additionally, the Pluto­
Charon system may be displaced Neptunian moons. 
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Already the tilted spin axis of Uranus has been 
attributed to the impact of an "" 2M E planetary body 
on proto-Uranus6 • Numerical experiments 7 have 
shown that the properties of the present Neptunian 
moons and the Pluto-Charon system can be 
understood in terms of the tidal encounter of 
Neptune with a 2-5 ME planetary body. 

The idea of a perturbing body (with a dimensional 
mass/velocity of 5) in the outskirts of the solar 
system has many attractions. As we have seen, it 
can explain the tilt of the Uranian spin axis. This 
perturbing body would take 10--100 years (depending 
upon its velocity) to move to the Neptunian orbit. If 
during this time Neptune has already fornled its 
equatorial disc, then the tidal effect of this outgoing 
can explain why the two Neptunian satellites 
became irregular and Pluto-Charon heliocentric. 
And if the body had a mass of lOOME it can account 
for the missing gas that should otherwise have 
enriched the outer Jovians. 

If the perturber had a very small velocity (and a 
low mass), it would end up as a satellite of Uranus. 
This is ruled out because. of the extreme regularity of 
the Uranian satellite system, which precludes a 
captured satellite. If the perturber had a velocity of 
about 7 km s - 1, it would be bound in the Sun's 
gravitational potential, and should be detectable as a 
yet undiscovered planet at a large heliocentric 
distance. 

1 thank N. C. Rana, P. M. S. Namboodiri, P. 
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and a referee for criticism. 

21 June 1989; Revised 18 August 1989 

1. Pollack, J. B., Annu. Rev. Astron. Astrophys., 1984, 
22, 389. 

2. Som Sunder, G., Ph.D. thesis, Osmania University, 
Hyderabad, 1985. 

3. Lin, D. N. C. and Paploizou, J., Protostars and 
Planets I J, (eds) D. C. Black and M. S. Mathews, 
Univ. of Arizona Press, 1985. 

4. Peebles, P. J. E., Astrophys. J., 1969, 155, 393. 
5. Alladin, S. M. and Narasimhan, K. S. V. S., Phys. 

Rep., 1982, 92, 339. 
6. Stevenson, D. J., In: Uranus and Neptune, (ed.) 

J. T. Bergstralh, NASA CP 2030, 1984. 
7. Harrington, R. S. and van Flandern, T. C., Icarus, 

1979, 39, 131. 

Current Science, October 5, 1989, Vol. 58, No. 19 


	00000001
	00000002
	00000003

