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Figure D-4. The measurement of Jupiter's zonal 
wind as function of planetocentric latitude by 
Echoes is slightly more precise than cloud tracking 
(here from Simon & Beebe 1996). More 
importantly, it is a direct measurement that can be 
performed in the absence of clouds and is not 
affected by moving condensation fronts. 

 
Figure D-5. Image (top) and velocity map (bottom) of a zonal 
band centered on Jupiter’s 5-micron hotspots. Velocities were 
measured using cloud-tracking. With Echoes, we will be able to 
distinguish wave motion and zonal flows, crucial to understand 
what is powering Jupiter’s jets. [from Choi & Showman 2012].  
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Motivation - modes on Jupiter
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Motivation - modes on SaturnThe Astronomical Journal, 146:12 (16pp), 2013 July Hedman & Nicholson

Figure 1. VIMS occultation profiles of the six waves examined in this analysis. Each panel shows the ring’s normal optical depth vs. ring radius, which is measured in
kilometers from the inferred resonance location rL. (For the innermost five waves, the rL value comes from Baillié et al. 2011, while for W87.19 the resonance position
has been adjusted to match the best-fit pattern speed of this wave, see Section 4.) The specific profiles shown here come from an occultation by the rings of the star R
Cassiopaea, which provides our highest-resolution profiles of these waves. The raw data numbers were converted to transmission estimates by normalizing the stellar
signal to unity in the middle of the Maxwell Gap (87,375–87,425 km), and then translated to normal optical depth values using the standard formula, assuming the
elevation angle of the star is 56.◦04 above the ringplane.

(Supplemental data of this figure are available in the online journal.)

integer multiple of the difference between the angular frequency
of the perturbing potential Ωp and the ring-particles’ mean
motion n. Hence, if there is a density wave driven at a given radial
location in the rings, then the most likely resonant perturbation
frequencies will satisfy the following relationship:

m(n − Ωp) = κ, (1)

where m is any non-zero integer (i.e., m = . . ., −3, −2, −1,
1, 2, 3, . . .). Rewriting the resonant condition in terms of the
local apsidal precession rate, "̇ = n − κ , we have the familiar
expression for a first-order Lindblad resonance:

(m − 1)n + "̇ = mΩp. (2)

Since "̇ # n, resonances with m > 0 (known as inner Lindblad
resonances or ILRs) have Ωp ≈ (m − 1)n/m, while those with
m < 0 (known as outer Lindblad resonances or OLRs) have
Ωp ≈ (|m| + 1)n/|m|.

In a differentially rotating, self-gravitating disk, the periodic
perturbations at such a resonance give rise to a trailing spiral
density wave that propagates away from the location of the exact
resonance toward the location in the rings where n = Ωp. Thus,
for a Keplerian disk like Saturn’s rings (and assuming Ωp > 0),
density waves will propagate outward from an inner Lindblad
resonance and inward from an outer Lindblad resonance. The
pattern of surface density variations generated by such a wave
gives rise to variations in the local optical depth with radius r,
inertial longitude λ, and time t. For waves of small amplitude
these variations may be written as

τ (r, λ, t) % τ0 + ∆τ (r) cos φ(r, λ, t), (3)

where the wave’s phase φ can be decomposed into a part that
depends only on the observed longitude and time, and another
that depends only on radius:

φ(r, λ, t) % |m|(λ − Ωpt) + φr (r). (4)

Hence, |m| gives the number of arms in the wave pattern, while
Ωp is the angular rate at which it rotates around the planet. The
wave’s pattern speed therefore equals the angular frequency of
the external perturbing force.

At sufficiently large distances from the resonance, the radius-
dependent part of the phase is given by the following asymptotic
expression:

φr (r) %
[

3(m − 1) + J2
21
2

(
rS

rL

)2
]

MS(r − rL)2

4πσ0r
4
L

+ φ0, (5)

where MS is the mass of Saturn, J2 is a measure of the planet’s
oblateness, rS = 60,330 km, rL is the resonant radius where
Equation (1) is satisfied, σ0 is the undisturbed surface mass
density of the ring, and φ0 is a constant. Note that for an
outward-propagating wave from an ILR, both m − 1 and r − rL

are positive, while for an inward-propagating wave from an
OLR m − 1 and r − rL are both negative. Hence, in both cases,
dφ/dr > 0 and a line of constant phase will have dr/dλ < 0,
corresponding to a trailing wave pattern. Also, the wave’s radial
wavenumber k derived from the above expression:

k(r) = dφ

dr
%

[

3(m − 1) + J2
21
2

(
rS

rL

)2
]

MS(r − rL)
2πσ0r

4
L

, (6)

increases linearly with distance from rL.

2

Hedman & Nicholson (2013)
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Goal 1

Instrumentation Goal: Build an imaging spectrograph capable of
measuring Jovian oscillations within the three-year award period.

Adapt an instrument design that has an expected order of
magnitude more sensitivity than previous instruments (T2);
Mount the instrument on a suitable telescope to carry out
monitoring of giant planets (T3);
Develop the software needed to control the instrument and
perform data acquisition and reduction(T3);
Assemble a team of experts who regularly meet and review
construction progress.
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Goal 2

Science Goal: Determine the interior structures of Jupiter and
Saturn to a precision better than ever achieved, enabling the
resolution of competing theories about the formation of our giant
planets.

Measure Jupiter and Saturn’s core mass to within several
Earth masses;
Measure the total mass of heavy elements to within several
Earth masses;
Identify structural discontinuities of the interior density and
sound-speed profiles (T5);
Validate and compare Jive sub-surface inferences with those
from the NASA Juno mission.
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Where do these modes probe?

Gravimetry
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Goal 3

Science Goal: Uncover new details of the dynamic atmospheres
and climatology of the Jovian planets.

Determine wind speeds directly from Jive maps and compare
to cloud-tracking results;
Measure the momentum cycle driving zonal jets by calculating
eddy momentum fluxes;
Directly characterize the planetary-scale waves in the wind
signatures in the Jovian atmosphere;
Indirectly probe the deep convective region of the planet to
advance our understanding of tropospheric-stratospheric
coupling (T6, T7).

Overview of JIVE Project Jason Jackiewicz - NMSU



Overview of Project

Goal 4

Education Goal: Train students in technical areas of astronomical
instrumentation and modern planetary science to prepare them for
careers in related fields.

Hire three graduate students in engineering and astronomy
whose work in Jive will form the bulk of their graduate
degrees;
Involve up to six undergraduate students in all aspects of the
project;
Provide effective mentoring and advising practices to help
form pathways for future student participation in Jive.
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Initial setups
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Last week
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Goal 5

Collaboration Goal: Develop long-lasting and diverse research
partnerships within New Mexico and beyond.

Engage researchers in New Mexico’s universities and national
laboratories whose interests overlap with Jive;
Utilize existing collaborations with key NASA partners to
strengthen the relevance of the project to NASA’s scientific
priorities;
Leverage existing international collaborations with critical
expertise in this area, and build the case for a future global
network of similar instruments (T8).
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Timeline so far

NASA EPSCoR funding: $750k, 3 years

October 2014: Project start date

October 2014: First visit to Nice, Calern Obs.

December 2014: JIVE Kickoff meeting

Mid-2015: Telescope decision for DST

April 2016: JOVIAL Kickoff meeting

February 2017: Interface installation

June 2017: Tests (T4)

June 2017: NASA Review

September 2017: Tests with DSI

April 2018: Science observations with JIVE

July 2018: End date

Overview of JIVE Project Jason Jackiewicz - NMSU



Overview of Project

Dunn Solar Telescope
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Instrument Components
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Feb. 2017 at DST
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Feb. 2017 at DST
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Structure
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Accomplishments so far

5 graduate students involved in project

Several engineering undergraduate students

4 papers published in refereed journals

3 papers in preparation

Fruitful collaboration

Overview of JIVE Project Jason Jackiewicz - NMSU



Overview of Project

Challenges - nighttime guiding (T3, T4)

Guider	Table	

Guider	Tube	

Night	Guider	
Camera	

Phidget	D/A	Board	

Camera/lens	

Tes:ng	9/14/2016	

Analog	
Signals	to	
Telescope	
Drive	
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Challenges remaining

Long-term future of Dunn Solar Telescope, observing
protocols, sunlight

Vibration tests and mitigation

Integration of interferometer

Shipping and customs/taxes

Data analysis of multi-site observations
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