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matters arising 
Chandler wobble and 
viscosity in the Earth's core 
VERHOOGEN1 has recently revived viscous 
dissipation at the core-mantle boundary 
as a possible energy sink for the Chandler 
wobble. His result seems to be based on a 
misunderstanding of the work of 
Jeffreys 2 (page 257) and Munk and 
MacDonald3 (page 170). He correctly 
points out that Jeffrey's equation (13) 
requires multiplication by a factor 4rr/ w, 
where w is the diurnal frequency. In fact 
it contains a further error, in that (/ 1

2 + 
m, 2) should be replaced by (i1 2 + m1 2)1 ()) 2. 
This is true in the fifth (1970) edition of 
The Earth, as well as in the fourth, cited 
by Verhoogen. Contrary to Yerhoogen's 
statement, however, this error is not 
carried into the numerical calculation 
leading to Jeffreys' equation (14). 

In agreement with other authors, 
Verhoogen takes the viscous dissipation 
per unit area at the core-mantle interface 
to be of the order p V2(vw)112, where p is 
the density and v is the kinematic vis
cosity of the core just below that bound
ary, and V is the velocity of the core 
relative to the mantle in the Chandler 
wobble mode. Let y be the angle be
tween the instantaneous axis of rotation 
of the mantle and the angular velocity 
(more properly, the total vorticity vector) 
of the liquid core, and let a be the 
amplitude of wobble of the mantle. 
Then V=yaw, where a is the radius of the 
core-man~Ie boundary. In Jeffreys' nota
tion y = (/1

2 -'.-m1
2) 11 2 and a=(f2 -'-m 2)1 1:_ 

Verhoogen errs in assuming that y can 
be identified with a. 

In fact, as Jeffreys and Vicente• 
showed, the liquid core hardly partici
pates at all in wobble in the Chandler 
mode, that is , its vorticity vector re
mains nearly aligned with H, the in
variable total angular momentum of the 
wobbling Earth. Clearly y is the ampli
tude of the nutation in space accompany
ing the Chandler wobble. If, as Yerhoogen 
suggests, y is of the same order as a 
(:::: 0".14), this nutation could hardly have 
escaped detection by astronomers! Roche
ster et a/. 5 , in their equations (10) 
and (II), show explicitly that 

r=Jw x HJ / wJHJ ::::acr/ w 

where cr = w/435 is the frequency of the 
Chandler wobble. (This relationship be
tween y and a was implicitly taken into 
account by Jeffreys in the fourth and fifth 
editions of The Earth, to correct his 
equations (13) and (14) as they were 

given in the third (1952) edition.) It 
follows that V · aacr, in agreement with 
Munk and MacDonald. Then the rate of 
dissipation of wobble energy by viscous 
core-mantle coupling is 

This differs by a factor (cr/w)2 from 
Verhoogen's equation (1), and leads to 
Jeffreys' equation (14) when the appro
priate numerical values are substituted. 

Yerhoogen's estimate of the viscosity 
required to damp the C handler wobble is 
therefore too small by a factor (w/cr)' . 
that is, viscosities of the order of those 
calculated by Gans6 and Leppaluoto7 

( ~ J0-5 to 10·• m 2 s- 1) fall short of what is 
needed to damp the wobble by a factor 
of order 1010• The situation is still as it 
was left by Jeffreys and by Munk and 
MacDonald, and we must look elsewhere 
for the energy sink for the Chandler 
wobble. 

I am grateful to Lady B. Jeffreys for 
helpful comments on the no tation adop
ted in The Earth. 
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YERHOOGEN 1 has attempted to revive the 
idea that the viscosity of the core can 
account for the observed da mping of the 
Chandler wobble. There is, however, an 
error of principle in Yerhoogen's estima
tion of relaxation time, -c (his equation 
{3)): the angle u between the axes of 
rotation of core and mantle has been 
erroneously assumed to be equal to the 
angular amplitude, aw, of the Chandler 
wobble. 

As the core remains approximately 
motionless, that is, it does not participate 
in the Chandler wobble ", the direction of 
the rotation axis of the core almost 
coincides with that of the Earth 's total 
angular momentum vector, H . So u is 
nearly equal to the angle between the 
rotation axis of the mantle and H (the 
'sway' amplitude according to Munk and 
MacDonald's 3 terminology), which is 
known to be [cr/(cr ·- w))Uw "'=' (cr/ IJJ) Uw. 
Here, wand cr are the diurnal and Chand-
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ler frequencies, respectively. If a is the 
core radius, the differential velocity be
tween the core and mantle is therefore 
given by V ~ aaw a wacr, which is just 
in agreement with Munk and Mac
Donald's formula. The wobble energy, Ew, 
of the mantle is given by 

Thus, Yerhoogen's expression for -c turns 
out to be in error by a factor of 
( w/cr)Z ·· (430) ~. 

Using the most recent and accurate 
determination of polar motion·', one of us 
(Y.S.Y.) has found that the value of the 
damping factor , Q, lies between 40 and 60. 
The corresponding limits on t arc 15 and 
23 yr. Assuming that t 20 yr, we obtain 
an estimated value for the kinematic 
viscosity of the core of about 5 · I 0" em" 
s-t. Such a value is regarded by most 
geophysicists as extremely high". It has to 
be concluded , therefore, that damping of 
the Chandler wobble is unlikely to be 
attributable to core viscosity. 

Note added in prooF Yerhoogen's and our 
considerations do not depend on the 
excitation mechanism of the Chandler 
wobble and have only a kinematic charac
ter . One can consider the value Uwa as the 
amplitude of the displacement of the 
mantle rela tive to the core in the course of 
the Chandler period cr 1

• For this reason 
the differential velocity 
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VF.RHOOGEN REPLIF.S-Viscous damping of 
the Chandler wobble depends on two 
angles. The first , Uw, is the angle between 
e,. (a unit vector along the mantle's prin
cipal axis of inertia) and Wm, the angular 
velocity of the mantle. The second angle 
is the angle u, between Olm and We, the 
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