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Motivation - Atmosphere

JUICE Instrument Echoes 
NNH12ZDA006O Section D—Science Investigation 

D-4 
Use or disclosure of information contained on this sheet is subject to the restriction on the Restrictive Notice page of this proposal. 

Echoes

Echoes

Echoes

Echoes

 
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 - Hope!
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Motivation - Hope!The 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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Goals

Build an instrument capable of meauring Jovian oscillations in
3 years

Constrain Jupiter’s (Saturn’s) interior structure to an
unprecedented level, resolve formation theories

Complement NASA’s Juno mission’s findings

Determine wind speeds directly to measure the momentum
cycle of zonal jets, large-scale waves, etc.

Train students in science and astronomical instrumentation - 4
graduate students + undergraduates

Develop partnerships within NM universities and national labs,
and beyond (NASA, France, others)

Build the case for a future global network of giant-planet
monitors
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Instrument Components
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General Schedule
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Structure
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Detailed Schedule
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Cost Estimates - direct

NASA EPSCoR 2014 7 BUDGET JUSTIFICATION

• We budget costs for two publications.
• Subcontract to NMT is the same as for Year 2. Salary is increased from Year 2 by 3%.
• NMSU’s facilities and administration negotiated rate of 46% is applied to the total direct costs

less equipment, tuition, participant support costs, and subcontracts, plus the first $25,000 for each
subcontract being requested.

• Costs for NMSU are adjusted for inflation from Year 2 by 2%.
• LANL contract: We are requesting an interagency transfer of funds to LANL for Collaborator

Saumon as for Year 2.

7.a.i Budget summary

The total cost to NASA of this project is $749,893. The categories of each of these costs per year
justified above is summarized in Table 1.

Table 1: Summary of total cost to NASA in main budget categories.

Category Year 1 Year 2 Year 3 TOTAL
1. NMSU labor (salaries + fringe) 85864 87392 68508 241764
2. Other direct costs

a. Conference travel (domestic) 4000 4080 4162 12242
b. Team meetings travel 2200 2244 2289 6733
c. Conference travel (foreign) 3000 0 3000 6000
d. Publication costs 0 1000 3060 4060
e. Consulting services/travel 4500 4590 4682 13772
f. Equipment 130000 80000 25000 235000

3. F&A or IDC 55712 47268 39422 142503
4. NMT subcontract 21550 22418 23332 67300
5. LANL contract 6705 6871 7043 20619
TOTAL 313531 255863 180498 749893

7.a.ii Matching funds summary

Matching funds add up to $431,358, well above the minimum requirement of 50% of the sponsor costs.
Commitment letters acknowledging these matching funds from NMSU ($397,708) and NMT ($33,650)
are provided in Section 6. Here we describe how the project will use matching funds from non-federal
sources.

• Project PI will devote 12.5% of his academic year research time to the project. He will also be
provided a 1 course teaching reduction (12.5%) each year by the College of Arts and Sciences to
carry out his responsibilities. In total, 25% of his academic year time will be matched each year.

• Instrument PI Voelz will be granted 20% of his academic year time from the College of Engineering
to spend on the construction of the instrument.

• Science PI Gaulme will devote 10% of his time to the project, granted by NMSU’s Department of
Astronomy who operates APO.

• In all three years a graduate student in the Department of Astronomy will be funded from internal
funds at NMSU.

• Fringe benefits: NMSU will provide the fringe benefits associated with the cost match of the
personnel listed above.

J. Jackiewicz, NMSU 7 – 4 JIVE in NM: Jovian Interiors from
Velocimetry Experiment in New Mexico
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Cost Estimates - indirect

NASA EPSCoR 2014 7 BUDGET JUSTIFICATION

• Non-capitalized equipment: The Department of Astronomy at NMSU will allocate 25% and 50%
of the 1m telescope time to Jive in NM in years 2 and 3, respectively. Annual operations costs
of this facility are $20,000.

• Facilities and Administration: Funds will be provided to all cost matched items listed above for
each year from internal NMSU funds.

• Subcontract cost matching: NMT will cost match at the 50% level all of the incurred costs,
including 0.5 month of faculty salary per year, graduate student summer support, in-state travel,
administrative support, fringe benefits, and facilities and administration.

Table 2 summarizes the total cost matching for this project.

Table 2: Summary of cost matching.

Cost-Match Category Year 1 Year 2 Year 3 TOTAL
Jackiewicz, teaching release/project management 16216 16540 16871 49627
Voelz, teaching release/instrument management 20475 20885 21303 62663
Gaulme, instrument development/science 4944 5043 5144 15131
Graduate student support 28455 29024 29605 87084
Fringe benefits 14017 14297 14584 42898
Non-capitalized equipment (telescope time) 0 5000 10000 15000
F&A or IDC 38689 41763 44853 125305
NMT subcontract 10775 11209 11666 33650
TOTAL 133571 143761 154026 431358

J. Jackiewicz, NMSU 7 – 5 JIVE in NM: Jovian Interiors from
Velocimetry Experiment in New Mexico
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Challenges

Costs, if some expertise is missing. Travel costs.

Mounting of instrument to telescope (weight, vibration,
stability)

Entrance optics design

Machining/European designs (?)

Optical alignment of instrument and gluing (?)

Image quality of telescope (dome)

Jacobs Engineering

Adaptability to 3.5m?

Division of labor and efficiency
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