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Raymond Hide
• Degrees from Manchester (B.Sc., Physics - 1950) and 

Cambridge (Ph.D., Geophysics - 1953)
• Research Associate in Astrophysics, Chicago (1953-4)
• Senior Research Fellow, AERE Harwell (1954-7)
• Lecturer in Physics, King’s Coll. Durham (Newcastle upon 

Tyne) (1957-61)
• Professor of Geophysics & Physics, MIT (1961-7)
• Chief Scientific Officer (IM), Met. Office (1967-90)
• Emeritus Professor of Physics, Oxford (1994-2016)
• Senior Research Investigator, Imperial College, London 

(2000-2016)
[from Who’s Who 2009]



Raymond Hide & Jupiter

• Great Red Spot
– Taylor columns [Kings Coll., Newcastle]
– Sloping convection [Met Office]

• Banded structure of winds and clouds
• Equatorial Jet

– Hide’s theorem
• Magnetic field and dynamo



Jupiter: pre-1970

A. M. Meyer 1870 [LPL/Univ. Arizona] 
December 1966  



Jupiter pre-1970

October 1964 December 1965
[New Mexico State Univ. Observatory]



Jupiter: pre-

1970
• GRS “unique”?

– Solid or fluid?

– Slow drift in longitude

• Clouds of NH3 and H2O…

• H2 solidifies ~few 

hundred km below 

clouds?

• Magnetic field generated 

in metallic hydrogen 

mantle?

Images from Hide [1968]

Dl.o.d ~ 2.5 s?



Taylor columns
(Hide 1961; Hide & Ibbotsen 1968)
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• Taylor-Proudman

theorem

• 2#. % & = 0
– Coherent motion parallel 

to the axis of rotation

– Apparent obstacle at all 

heights above a “bump”

• Hide’s theory: 

– Need an obstacle to 

satisfy H/L ≥ Ro to form 

a Taylor column



Taylor columns (Hide 1961)
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Jupiter from 
Voyager (1979)

Voyager “blue movie”
[NASA/JPL]



Jupiter after Pioneer 

10 & 11 (1973) and 

Voyager 1 & 2 (1979) 
• GRS not unique but simply 

largest member of a family 

of long-lived ovals

• GRS a “free vortex”

– Free to drift in longitude…

• Magnetic field -> interior 

rotation

– Different from motion of 

GRS

• No solid H surface!

– No Taylor columns…? 

© 1968 SCIENTIFIC AMERICAN, INC

Pioneer 11 [NASA/JPL]



Sloping convection and baroclinic ovals?
(Hide & Mason 1970)

ℋ(#) = &−( )*)# + , * − -* ./.0 = −123 #, 0 .0

Impressed T(r)    v



Hide & Mason (1970) 
experiments

• Rotating annulus 
experiments which 
combine sidewall 
heating/cooling and internal 
(ohmic) heating

• Special case of internal 
heating + cooling at BOTH 
sidewalls

• Emulates thermal structure 
of a Jovian zone?



Read & Hide (1983,1984)



Single, isolated oval vortex
(Read & Hide 1984)

• Formation of m=1 at 
large Q

• Steepened isolated 
anticyclone in 
anticyclonic shear 
flow with strong 
heating

• Analogue of 
GRS…?? Recorded using PDP11/34 image

Analysis system on mag video tape!



Jupiter’s banded structure and 
equatorial jet

• Alternating eastward 
& westward zonal 
jets
– What sets their 

separation?
• 100 m s-1 prograde 

equatorial jet
– Source of angular 

momentum?



Jet separation (Hide 1969)

• Identification of (U/b)1/2 as relevant 
scale [- Rhines scale?]

• Cf Rhines (1975) 



Equatorial jets: 
Gierasch & Stone (1968)

• What process drives Jupiter’s equatorial jet?
• Symmetric baroclinic instability (slantwise 

convection: Stone 1966)??
– Axisymmetric rolls
– Dominant for 0.25 < Ri < 1
– Plausible for Jupiter’s troposphere?



Hide’s theorem (Hide 1969)

• Axisymmetric flow cannot alter angular 
momentum of a ring of fluid

• Cannot accelerate zonal flow on the equator
• Cannot support a prograde zonal jet!

With eddies No eddies
[Mitchell & Vallis 2010] 



Models of Jupiter’s weather layer

Young & Read [2018]
• Good simulation of jets
• BUT No large oval eddies….? [yet!]



Weather layers with deep 
convection?• Deep convection 

in a spherical 
shell 
– [e.g. Heimpel et 

al 2015]
• Large oval 

eddies 
associated with 
local convective 
hot spot?
– Cf Taylor 

column…?
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Figure 3 | Global and local views of vorticity and velocity. a–c, Axial vorticity on outer and inner boundaries, and a meridional slice (a). Colour saturation:
�0.6 (dark blue, anticyclonic), +0.6 (dark red, cyclonic), in planetary rotation rate units. This shows vorticity of the zonal shear, which is much weaker than
that of vortices. Dashed boxes locate expanded meridional (b) and outer boundary (c) views. The vortex appears twice in a because of the model four-fold
symmetry. d, Zonal velocity vp. Colour saturation, in Rossby number units, is �0.009 (dark blue, westward) and +0.009 (dark red, eastward).

stably stratified layer (Fig. 1a). It is determined by the combination
of entropy boundary conditions and the internal entropy sink
(see Methods).

To visualize the buoyancy field we consider the total entropy
s= s(r ,✓ ,�, t), where ✓ and � are latitude and longitude, instead of
the conduction entropy sc, and define a total stability variable

⌥ (r ,✓ ,�, t)=� g
cp⌦2

ds
dr

(2)

Figure 1a compares the horizontally and time-averaged ⌥̄ (r) to
its conductive counterpart R(r). Convection homogenizes ⌥ in
the bulk, but hardly changes it in the outer stably stratified region
where radial mixing is inhibited. Figure 1b shows a snapshot of
⌥ in a meridional slice, highlighting a region a�ected by a large
anticyclone. Structures throughout the shell are nearly aligned with
the rotation axis, demonstrating the geostrophic nature of the
solution. Particularly strongmotions under the vortex are connected
to axial structures reaching near the inner boundary just outside the
tangent cylinder, which is the imaginary axial cylinder tangent to
the inner spherical surface.

Figure 2 shows longitudinally averaged snapshots and 60 rotation
time averages of eastward velocity Rossby number Ro, radial
vorticity, and potential vorticity (PV). Jupiter’s Ro, from Cassini
data1, is shown as a scaling comparison. The model velocity profile,
like Jupiter, shows only slight changes over time. Because the radial
vector changes sign at the equator relative to the axis of rotation,
negative radial vorticity is anticyclonic in the northern hemisphere,
whereas positive radial vorticity is anticyclonic in the southern
hemisphere. Vorticity spikes indicate strong vortical activity in
the first and second anticyclonic zones away from the equator in
both hemispheres.

The wavelength between jet stream peaks in 3D rotating
convection has been characterized by the Rhines scale8,11. In Rhines’s

original analysis this jet scale emerges from a turbulent inverse
cascade of vorticity from small to large scales25. More recent
interpretations focus on the e�ciency of PV mixing between
eastward zonal velocity peaks, which act as relatively stable barriers.
E�ective PVmixing leads to deviations from the planetary vorticity
profile 2⌦ sin ✓ , in the form of a staircase, with steps of roughly
constant PV separated by steep rises at the eastward velocity peaks.
The stronger the mixing, the sharper the staircase13,14. Our model
has boundary conditions that do not vary in longitude or latitude.
Thus the model is roughly barotropic and absolute vorticity, which
depends only on zonal flow on a spherical surface, may be used as a
simple proxy for potential vorticity13:

PV=2⌦ sin✓ � 1
ro cos✓

@

@✓
(u� cos✓) (3)

where u� is the longitudinally averaged eastward velocity (zonal
flow). The longitudinally and time-averaged PV at the outer
boundary (Fig. 2e,f) shows a clear staircase, indicating e�cient
PV mixing. Strong vortical activity in the zones (anticyclonic part
of PV steps) expands the zones, which are thus broader than the
bands. This velocity and vorticity structure, also seen on Jupiter and
Saturn, suggests that westward jets represent instability13,14,26,27.

Although our model is fully three-dimensional, Fig. 3 shows that
the flow is subjected to two types of two-dimensionalization. First,
in the deep unstable region, fast planetary rotation enforces quasi-
geostrophic, axially columnar flow, and Reynolds stresses drive
the larger-scale geostrophic zonal winds. As the associated shear
inhibits convection perpendicular to the rotation axis, axial flows
are favoured. Thus, axial convective plumes can excite anticyclones
where they impinge on the stably stratified layer. Second, radial
stratification in the shallow layer severely limits radial motion and
leads to horizontally diverging flows that are e�ciently converted to
shallow anticyclonic motions by the Coriolis force. The dominance
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Jupiter’s magnetic field

• Jupiter’s interior becomes electrically 
conducting only a few thousand km 
below visible cloud tops [Hide 1969]

• Dynamo likely to be operating well 
outside solid core?

• Magnetic field strongly non-dipolar?
• Jupiter's magnetic field from Juno

https://youtu.be/7NubWesBKDY


Jupiter’s polar vortices from 
Junocam, MWR and JIRAM



Jupiter’s polar vortices from 
Junocam, MWR and JIRAM

[Adriani et al. 2018]



Jupiter’s polar vortices from 
Junocam, MWR and JIRAM

• What would RH 
have made of 
these new 
results…..?


