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PERSPECTIVES

How Oblate Is the Sun?

ASTRONOMY

Douglas Gough

Recent measurements show that the Sun 

appears to be rounder than current 

understanding predicts.
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        A
t the end of the 19th century there 

was much concern over Le Verrier’s 

realization that the orbit of Mercury 

differed from that expected from Newtonian 

physics. After taking account of perturba-

tions from other planets, there was an unex-

plained residual precession of the elliptical 

orbit that amounted to just 43 arc sec per 

century. It was pointed out by Newcomb that 

this residual precession might be explained 

by the Sun being oblate. Einstein then dem-

onstrated that his new general theory of rel-

ativity accounted for almost all of the pre-

cession, assuming the Sun to be precisely 

spherical. Only a small 0.2% of the original 

discrepancy then remained to be explained 

otherwise, presumably by an oblateness 

caused by rotation of the Sun. The most 

natural way to determine the oblateness is 

simply to measure the apparent shape. How-

ever, despite many attempts over more than 

a century, that has not been possible with 

the required precision. The reason is that 

ground-based observers must contend with 

variations in the refractive index of Earth’s 

atmosphere, which distort the image of the 

Sun. Only with instruments in space has it 

been possible to approach a useful measure-

ment ( 1). On page 1638 of this 

issue, Kuhn et al. ( 2) present 

results from the Heliospheric 

and Magnetic Imager (HMI) 

on NASA’s Solar Dynamics 

Observatory ( 3), indicating 

that the Sun appears not to be 

as fl attened as it should be.

The visual oblateness of 

the Sun, defi ned as ∆v = (Re − 

Rp)/R, where Re and Rp are the 

equatorial and polar radii and R 

the mean radius, can be sepa-

rated into two parts. One is the 

direct distortion ∆Ω due to the 

pull on the surface layers by 

the centrifugal force, which 
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Solar distortion. Superposed on the setting Sun is a graph depicting 
by how much Ω2 contributes to the distortion of the Sun’s gravita-
tional fi eld as a function of distance from the center ( 14).
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is proportional to the square of the angular 

velocity Ω and which acts outward from the 

axis of rotation to make the equator bulge; 

the other is the aspherical deviation ∆Φ of 

the gravitational potential produced by the 

centrifugal force distorting the inside of the 

Sun, principally at mid-radii (see the fi gure). 

From the angular velocity of the visible sur-

face ( 4), the former is determined to be ∆Ω ~ 

8.4 (±0.2) × 10−6. It was then expected that 

∆Φ could be obtained by simply subtracting 

∆Ω from ∆v. Had the entire anomalous pre-

cession been due to a solar oblateness, ∆Φ 

would have dominated the full oblateness, 

and the procedure would have been viable. 

But general relativity indicated that ∆Φ is 

much smaller, and helioseismic observa-

tions ( 5) indicate that it is only 3.3 × 10−7, 

just 4% of ∆Ω, thereby implying that ∆v 

should be 8.7 × 10−6.

The fi rst of the modern observations were 

made serendipitously ( 1) using the guiding 

sensor for the Reuven Ramaty High-Energy 

Solar Spectroscopic Imager (RHESSI) ( 6). 

A rapidly rotating optical image of the solar 

limb was Fourier-analyzed with respect to 

the angle about the line of sight to estimate 

the quadrupolar component of the limb dis-

placement. A major problem with the mea-

surement, as with any other limb-shape 

measurement, is brightness contamination 

by sunspots and magnetically generated 

excess emission. In an attempt to eliminate 

the detritus, a magnetic-activity proxy was 

adopted to reject suspect data ( 7). The out-

come was ∆v = 8.34 (±0.15) × 10−6.

Kuhn et al. present an analysis of limb-

brightness data in a photospheric Fe spectral 

line obtained from HMI. The limb-darken-

ing function was measured as a function of 

the angular orientation of the Sun’s image 

at times when the spacecraft was rotated 

for calibration purposes about its pointing 

axis. Magnetic contamination was removed 

by rejecting limb-position data associated 

with brightness above some threshold that 

had been judged to yield a robust outcome. 

Detailed analysis ( 8) then yielded ∆v = 7.56 

(±0.40) × 10−6.

Note that the uncertainties in the values 

of ∆v are not signifi cantly smaller than ∆Φ. 

Therefore, subtracting ∆Ω from ∆v is evi-

dently not a viable procedure for determin-

ing ∆Φ ( 9,  10). More startling, however, is 

that Kuhn et al. found ∆v to be some 10% 

lower than the value of ∆Ω expected from the 

surface rotation. Therefore, if their observa-

tions are correct, something else other than 

rotation must be affecting the limb. Until 

that is explained and quantifi ed precisely, 

solar limb shape cannot provide a means 

to test gravity; helioseismology is, and will 

remain, the only accurate tool to do so.

The new oblateness measurements beg 

explanation. An expected polar temperature 

excess comes to mind ( 11); however, Kuhn’s 

( 12) estimate of the excess is just 1 to 2 K, 

which is grossly insuffi cient to explain the 

discrepancy. Alternatively, one could won-

der whether polar support is boosted by an 

intense large-scale surface magnetic fi eld; 

might not the intensity of the fi eld demanded 

for that be plausible if the spatial variation in 

the differential rotation requires forces, per-

haps magnetic, of suffi cient strength to pro-

duce a shape distortion of similar magnitude 

to that produced directly by the differential 

rotation itself? That is not necessarily so, as 

any child in a playground who has spun up a 

merry-go-round with ease but then had dif-

fi culty holding on against the resulting cen-

trifugal force well knows. Even if a mag-

netic hill were present, the surface material 

would surely drain away. What other possi-

bility is left? Turbulent stresses from con-

vection, perhaps? These newest data have 

left us with an intriguing new conundrum in 

solar physics: Why does the Sun appear to 

be so round? 
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