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Largest Science Instrument in Solar System
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Spacecraft Tracking Data

Provide spacecraft position and velocity

— Navigators solve current and predicts future state vector
Tracking — Finding and following a s/c as it moves
Ranging — Distance to s/c (line of sight)

Doppler — Rate of change in s/c position
VLBI — Spacecraft angular position

Radio-metric Data: Measurements using the radio signal and its variations.



The Start of Radio Science
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Radio Science Investigations

Utilize the telecommunication links between spacecraft and
Earth to examine changes in the phase/frequency,
amplitude, and polarization of radio signals to investigate:

— Planetary atmospheres
— Planetary rings

— Planetary surfaces

— Planetary interiors

— Solar corona and wind
— Comet mass flux

— Fundamental Physics




Spacecraft

* Occultation by the atmosphere of the Sun

Solar Wind

Occultation by the atmosphere of Mars
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PRESSURE, mbar

Atmospheres of Giant
Planets and Mars
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Temperature profiles for the giant planets derived from radio
occultation data acquired with the Voyager spacecraft (from Lindal, 1992)
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Three Cassini Signals Occulted by Titan

€ X11 Edit

SubChanl FFT Plot

Window

Applications
RSR2A:FFT

Help

RSRIA:FFT

SubChanl FFT Plot

B (¢} Sat 17:33

O =
RSR3B:FF1

<o)

SubChanl FFT Plot

078 012

33133

1155

105 -

95|

85|

e . B 7 st e e i e e . T 3 e B

B5—

e

=T T I I il T [ I I ‘ T T
i2 =500 -250 0 250 i2 =500 =250 0 250 i =500 -250
£ =l I
Freq (Hz) | Freq (Hz) | Freq (Hz)
cted: YES FFTZF: 4 Bin Size (Hz): 0.24 cted: YES FFTZF: 4 Bin Size (Hz): 0.24 | ted: YES FFTZF: 4 Bin Size (Hz): 0.24
B-Hz): 43.22 FFTNA: 10 Resid Fq (Hz): 0,55 B-Hz): 56,32 FFTNA: 10 Resid Fq (Hz): 2,01 3-Hz): 49.55 FFTNA: 10 Resid Fq (Hz): 7.66
t(sec): 10,240 FFTNP: 1024 Sky Fq (Hz): 2298175391,00 i (sec): 10,240 FFTNP: 1024 Sky Fq (Hz): 8426645320,68 (sec): 10,240 FFTNP: 1024 Sky Fq (Hz):  32021252215,02
fDown: X/S WAY: 3_lAY/11  Plot Time: 078 01:33:18 [fDown: /K WAY: 3_WAY/11  Plot Time: 078 01:33:24 Down: H/Ka WAY: 3_WARY/11  Plot Time: 078 01133322
X! RSR2A:PTH  Px/No History 1 X! RSR1IA:PTH  Px/No History e 66 X! RSR3B:PTH  Px/No History

Site: 10 078 01:33:35  Site: 10 078 01:33:35 Site: 10 078 01:33:35

;Subchan 1 Subchan 2| Subchan 3| Subchan 4

i Subchan 1 Subchan 2| Subchan 3| Subchan 4

d [y
B
H
z
£
|7 i & i i il I
Scn: 82 | 01:07:28 01115248 01124108 01:32:28
Pass: 3085 | -
DSS: 14 - 2

UTC Time HH:MM:SS

| RF_TO_IF_LO + DDC_LO: 2298000000 Hz

Subchan 1 = Subchan 21 Subchan 3| Subchan 4

d iy 60~ dix ‘

TS ol 2]

H 40 H 20-

z 30| : il

20| T

10| ol

07| -10-

7 -10—| '/, =20 =
Scn:82 | 01:07:40 01316300 01324320 01332240 Scn: 82 | 01:02:43 01111309 01:13:29 01327349
‘bssiia | =] |

| UTC Time HH:MM:SS

UTC Time HH:MM:SS

| RF_TO_IF_LO + DDC_LO: 8427000000 Hz

32021000000 Hz

Picture 15

‘ RF_TO_IF_LO + DDC_LO:

n Picture 16




Saturn’ s Rings In the Cassini Era
7 E. A. Marouf, 2007

=]
=
=
(=}
=
=
o
=
R=|
=
=
%)
g -
=
A=
(70 B




ars Gravity Field and
Interior Models of Galilean Satellites
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Juno Revealing Jupiter ‘s Interior Structure

Juno Gravity Science:

* Precise measurement of
spacecraft motion
measures gravity field

« Close-in Juno polar orbit
maximizes sensitivity to
gravity

« Distribution of mass
reveals core and deep
structure

« Higher degree harmonics
reveal convective motion in
deep atmosphere




GRAIL Reveals Lunar Interior Structure
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In the Beginning
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Then ESA Network
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Then Japan & India
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Use of Radio Telescopes

Stanford GBT Effelsberg  Sardinia Parkes




Benefits of Strategic Partnerships

« Cost Benefits

— Meet redundancy requirements
for critical events and navigation

— Agencies utilize existing partner __
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to benefit agencies and science
community

— Share valuable experience and
share in discoveries and
excitement
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