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Clues for detecting the inner core wobble: polar motion,
geopotential and gravity variation
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Mathews et al. (1991a,b) named the inner core wobble (ICW) in theoretical investigation. It is a free rotation mode of the inner core relative

to the mantle in which the figure axis of the inner core is inclined to that of the mantle, and is doing a precession relative to the mantle

with fixed obliquity. The period, i.e. the time required to accomplish one cycle is about6.6 years for PREM, and 5.0 years for 1066A. The

period of the ICW is also related to the super rotation of the inner core if it exists (Guo and Ning 2002). The influence of the ICW on polar

motion is formulated inMathews et al. (1991a,b). It’s influence on the variation of the gravity at Earth’s surface as well as on the variation

of the Legendre coefficients of Earth’s gravitational potential are formulated in this work. The magnitude of variation of these quantities are

given for various values of the amplitude of the ICW, i.e. the obliquity of the inner core. The aim of this work is to explore the possibility of

identifying the ICW using polar motion, variation of gravity observed using the very precise super-conducting gravimeters worldwide in the

frame of the Global Geodynamic Project (GGP), and variation of gravitational potential determined using CHAMP and GRACE.

The orientation of the inner core for the ICW is shown in Figure 1. The centers of inner core and mantle are assumed to coincide and is

denoted withO. We useOxyz to denote the mantle fixed frame.x is in the equator.z is along the mantle axis.y is determined according to

the right-handed role. It is not drawn out in the figure for clarity. The direction of the figure axis of the inner core is denoted with colatitude

θs and longitudeλs. In the ICW, the figure axis of the inner core,zs, is inclined an angleθs to z. The ICW is a regular precession of the

inner core with respect to the frameOxyz, i.e. the longitude of the inner core axisλs varies steadily with time while keeping the obliquity

θs constant. The period of the ICW is about6.6 years for PREM, and 5.0 years for 1066A, i.e. the figure axis of the inner core draw a

closed circle about every6.6 years for PREM, and 5.0 years for 1066A. Thus the value ofλs varies with angular rateωp which is equal to

360◦/6.6 = 54.5◦ yr−1 or 0.95 yr−1 for PREM, and360◦/5.0 = 72◦ yr−1 or 1.3 yr−1 for 1066A. For convenience, assumingλs = λ0

whent = 0, we can then expressλs as function of timet

λs = ωpt + λ0 . (1)

The polar motion related to the ICW was formulated inMathews et al. (1991a,b). In Figure 1,Ω is Earth’s angular velocity, andm is

the amplitude of polar motion. We see thatΩ at the opposite side ofzs relative to the mantle axis. This implies that the phase difference

between polar motion and inner core tilt is180◦. According toMathews et al. (1991a,b),θs andm are proportional, that is

m = γθs , (2)

whereγ = 1.123 × 10−4 for PREM, andγ = 1.681 × 10−4 for 1066A. We omitted the minus sign ofMathews et al. (1991a,b) here as we

treat explicitly the difference in phase.
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Figure 1. Orientation of the inner core.
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The varying part of gravity at Earth’s surface related to the ICW can be shown to be

δg = −9 g δJ θs sin θ cos θ cos(λ − λs) , (3)

δJ =
(Cs − As) − (C′

s − A′
s)

Ma2
(4)

whereg is the gravity at Earth’s surface;As andCs are the inner core principle moments of inertia around the equatorial and polar axes

respectively;A′
s andC′

s are the inner core principle moments of inertia around the equatorial and polar axes if the inner core density were

equal to the outer core density at the vicinity of the inner core boundary (ICB);a is the semi-major axis of the Earth; andM is the mann of

the Earth.

The geopotential coefficientsC1
2 andS1

2 are most sensitive to the ICW. The varying part of them can be shown to be

δC1
2 = −

√
3

5
δJ θs cos λs , δS1

2 = −
√

3

5
δJ θs sin λs . (5)

For computing the per year variation ofδC1
2 andδS1

2 , we take the derivative of them with respect to time in making use of (1):

d δC1
2

dt
=

√
3

5
δJ θsωp sin λs ,

d δS1
2

dt
= −

√
3

5
δJ θsωp cos λs , (6)

The polar motion with a period of around 6 years, if exists, would be the order of4 ∼ 5 mas. Assuming it is the ICW, we can obtain

that the amplitude of the gravity signal would be0.024 ∼ 0.03 µgal, and the variation ofd δC1
2/dt andd δS1

2/dt would be4.0 × 10−12 ∼
5.0 × 10−12 yr−1. Thus we may conclude that it is most probable to identify the ICW from polar motion data.
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