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Saturn got its own 
day of the week

Well before telescopes 
were invented, when 

astronomers studied the
7 Cælestiall Orbes…



Sunday (Sun day)

Monday (Moon day)

Tuesday (Tiw day)

Wednesday (Woden day)

Thursday (Thor day)

Friday (Frigg day)

Saturday (Saturn day)

English
Dimanche (day of the Lord)

Lundi (Moon day)

Mardi (Mars day)

Mercredi (Mercury day)

Jeudi (Jupiter day)

Vendredi (Venus day)

Samedi (Sabbath day)

French

But the scientific 
question that now 
spans 5 centuries:

What is the 
length of a day 

on Saturn?



The question traces to the 17th Century
“In a brilliant series of observations … Cassini found
surface markings on both Mars and Jupiter and
determined their rotation periods (1665, 1666) … But
Saturn was a much more difficult subject … he could
not make an actual determination.”

“W. Herschel finally managed to determine a
rotation period … Late in 1793 and early in 1794
he kept careful track of small irregularities on
what he called the ‘quintuple belt’ ... and
deduced a rotation period of 10 h 16 m.”

First value: Late 18th Century

⎼Astronomy Historian Van Helden (1984) 



1794

Eli Whitney patented
the cotton gin

Kentucky and Vermont both 
got their stars (and stripes) on 
the Star Spangled Banner

Inspiration for the U.S. National Anthem: 
The Great Garrison Flag of Ft. McHenry

and …
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“It seems that during the nineteenth century no
one had been able to observe any spots sufficiently
to make a like attempt until 1876, when American
astronomer Asaph Hall succeeded ⎼ the year
before he became renowned for the discovery of
the two satellites of Mars.”

⎼Astronomy Historian Alexander (1962) 

By then, Herschel’s value had been forgotten, and
the ephemeris was based on a ring rotation value
by Laplace, which was “worse than useless because
an error of over 13 minutes … would be quite
sufficient to make all attempts to observe the spot
in transit on subsequent dates miscarry.”

Hall persevered
and obtained: 10 h  14 m



1794 1876 1895 2019
2009

1903 1981 2007
1933 19791916



The inner ring 
is faster than 
the outer ring, 
not slower, 
and the motion 
is sheared

The equator is rotating 
at 10.3 km/s

This confirmed the rotation period obtained by Hall

Meteoric meaning made 
up of many small parts, 

not a solid ring
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Then, at the start of the 20th Century, there was an outbreak of 
bright spots on Saturn, well north of the equator

Their rotation period was much longer:

10 h 38 m

1916



British amateur astronomer
Arthur Stanley Williams, who coined the 
phrase “belts and zones” in 1898, said of 

Saturn’s 1903 spots:

“It seems clear, therefore, that we have on Saturn, as on 
Jupiter, a great equatorial current having an enormous 
velocity in the direction of the planet’s rotation relative 

to the extra-equatorial surface material.”

“But the velocity of this current on Saturn is almost 
incomparably greater than on Jupiter, amounting as it 

does in miles per hour to between 800 and 900, as 
compared with the 250 miles an hour of the latter planet.”
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Percival Lowell: 1916



Percival Lowell: 1916

Appearing 9 decades before the 
Cassini proximity-orbit gravity results, 

Lowell’s “layers theory” will prove to be uncanny



Consider:  Twin Rotating Gas Giants

Same Mass
Same Size
Same Shape

Q: What critical 
scientific question 

does rotation reveal?
Rotating Faster



Consider:  Twin Rotating Gas Giants

…it is like an x-ray
Q: What critical 

scientific question 
does rotation reveal?

Rotating Faster



Consider:  Twin Rotating Gas Giants

Rotating Faster
Q: What critical 

scientific question 
does rotation reveal?

A: The Internal Mass Distribution
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What about Saturn’s Magnetic Field? 
In the early 20th Century, the planet’s magnetic field was not yet observable,
but the magnetic properties of sunspots were being discovered …



“Let us therefore consider under what conditions a steady 
magnetic field can be maintained by the currents it induces 
in an ionized gas in steady motion in it.”

“A contradiction has thus been reached; we conclude, 
therefore, that it is impossible that an axially symmetric 
field shall be self-maintained.”

Implication:  A planet’s magnetic dipole needs to be tilted
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In the mid 20th Century, numerous observations
refined the profile of Saturn’s winds vs. latitude …

and then, interplanetary spacecraft began to fly



1794 1876 1895 2019
2009

1903 1981 2007
1933 19791916

The first spacecraft to encounter Saturn 
was Pioneer 11 in September 1979



Four decades later, the net result of 3 close flybys:
Pioneer 11 (1979), Voyager 1 (1980), Voyager 2 (1981)

and one 13-year flagship orbiter:
Cassini (2004 to 2017)

has been to establish Saturn’s external magnetic 
dipole tilt as not exceeding 

0.007°
This is not sufficient  to establish the rotation period



“An inhomogeneous, stably stratified metallic fluid layer 
above the dynamo region … is in differential rotation 

because of the equator-to-pole temperature difference. This 
flow tends to make the external field axisymmetric"

“Attempts to understand the magnitudes of planetary magnetic 
fields are an endless source of amusement and frustration”

“Differential rotation causes rapid radial attenuation 
of the nonaxisymmetric parts …This is consistent 

with the Pioneer 11  observations”

Stevenson (1980)
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The fallback plan adopted in 1981
was the periodicity of the SKR

(Saturn Kilometric Radiation) Radio Signal



Start of the 21st Century:
Cassini  discovered that the SKR period slips like a clutch, 
and is different in the northern and southern hemispheres

Gurnett et al.



“Recent Cassini observations … about 8 min longer
than the previously determined period … it appears
as if the rotation period cannot be obtained reliably
from Cassini magnetic field observations alone”

10h 39m 24s is not  Saturn’s rotation period
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We have arrived at recent history
Modeling gravity and planet shape data:  10h 32m 35s

Anderson and Schubert (2007)



Atmospheric Waves C Ring Waves

New Wave Methods  (2009 to today)
We now know that Saturn’s interior has large mass anomalies that 

perturb nearby wave-bearing fluid regions in a conspicuous manner
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Atmospheric Waves:  10h 34m 13 ± 20s

Read, Dowling, and Schubert (2009)
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C Ring Waves:  10h 33.6+1.9
-1.3

m

Mankovich et al. (2019)
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Finally, from Cassini at Saturn and Juno at Jupiter: 
What are the latest interior modeling ideas?



2020 Status Report: Saturn’s Interior
Summary of thoughts from Interior Team Leader David Stevenson (Caltech)

The shape, gravity, atmospheric wave, and C Ring wave analyses 
are starting to converge

•  An accurate rotation period improves understanding of Saturn’s 
magnetic field and atmospheric dynamics

•  Saturn’s even harmonics of gravity reveal strong differential rotation at depth
For interior modeling, an accurate rotation period is now less useful than 
originally expected, due to the large differential effect (Ravit Halled et al.) 

•  We need atmospheric probes to measure winds below Saturn’s clouds, 
incorporating design lessons learned from the Jupiter Galileo Probe 


