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Gravity Gradiometer In Space

HERMEE S LIS

HREF 435k

RAXFEHFRHRH




contents

= gravity gradient &(&

= gravity gradient @€ R
= gradiometer MEIH

s CNLETDQgravity gradiometer
s CUHVSDgravity gradiometer

s FED




gravity gradient &I1&(1)

= FS B P gravity gradient: ¢;;
I
ach ré — 3x2
= —=GM
M Pa dx2 rd
2 2 _ n.2
r Pyy = a_(g — GM- 53y
F = —GM—3 (per unit mass) dy r
r 2 2 2
0 re—3z
M @zz a_qz) — GM 5
gravity potential: ¢ = —G—, F=—-V¢ z !
r =gy = 28— _3emY
o x Pry = Pyr = 5y — M
Fx:—x:——_—GM— y
ox r3 9%¢ YL
Fy=—¢y = 9 _ —GM% Pyz = Pz dyoz ro
gy ’ 0%¢ zX
Z = = —hk— = — —
F,=—¢. = —a—f —GM}F—3 Pz = Pz = 55, = —GM 7

Y bi=0¢p=0X%Y N RISV ¥ E S e
i




gravity gradient &I1&(2)
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R. L. Forward (1965-)
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[BlExE! gradiometer dynamic gravitational-gradient field

Box 16.6 GRAVITY GRADIOMETER FOR MEASURING THE RIEMANN
CURVATURE OF SPACETIME

R.L. Forward, L.R. Miller,
J. Appl. Phys. (1967)

Fre. 1. Five-in.-diam cruciform gravitational-mass sensor.

“GRAVITATION”
Misner, Thorne, Wheeler (FREEMAN, 1970)
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G. E MOSS’ I_ R M”Ier’ R LFOI’Wc’ird, Fre. 3. Adjustable sensor.
Appl. Opt. (1971)
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H. J. Paik (1976-)

Three-axis superconducting gravity gradiometer 3959
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FIG. 2. Schematic of a gradiometer axis.
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M. V. Moody,H. J. Paik, E. R. Canavanc,
Rev. Sci. Instrum. (2002)

Fig. 5 — Schematic circuit diagram of superconducting cross component gravity
gradiometer. The white arrows indicate sensitive axes of the proof masses .
E T P S R
Th€ circuit first aads signais 7o €acii aiagoiial paii 01 accelerameers, anda
then differences and sums the signals from the two diagonal pairs to obtain
the cross gradient (F; I.} and the angular acceleration (a k} with respect

the third axis, respectively.
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K. Kuroaa, N. Mio, Phys. Rev. Lett. (1959)
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GRACE (2002-)

Gravity Recovery and Climate Experiment

baseline: d=220km
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GOCE (2009-)

Gravity field & steady-state Ocean Circulation Explorer

Launched on 17 March 2009

GOCE achieves drag-free
perfection May 2009

Six 3-axis capacitive
accelerometers

ESA -GOCE-flv
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GOCE (2009-)

J. Muller, Advances in Geosciences (2003)
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Fig. 2. Error PSD of the essential matrix elements of the gravita-

tional tensor V. Only the in-line elements keep the full accuracy of

4 mE/~/Hz over the whole measurement bandwidth from 5 mHz to
100 mHz.
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in the so-called diamond configuration. The dots indicate the less
sensitive axes.
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atom interferometer

Atom Interferomete
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Mission weight : ~150kg Drag-free control

Mission space : ~90 x 90 x 90 cm Local sensor signal
; - Feedback to thrusters

Thruster

Drag-free contral Gravitational-wave debactor
Stabilized laser (Fabry-Perot interfarometer)

] 4 Iodine

Freq. Reference  giper
L
Frequency b -—
Stabilization [ ] [Frequency
i > ﬁ:; Doubler

[ FrcH:lf mass
L (Mirrar) M.'tuatnr

- _-EJ }Eﬂ_:_ﬂ-;/ tica signa H
Yb:YAG i shad Isolator Oer I.L'j—H 2 -_; I DGSlgned by

Laser saurce Demad. Interferameter |:un|:rn| M An d O

Fabry-Perot interferometer
Finesse : 100
Length : 30cm
Test mass : 1kg
Signal extraction by PDH

Laser source '
Yb:YAG laser (1030nm)
Power : 25mW
Freq. stab. by Iodine abs. line

Fabry-Perot(FP) cavity [JE 5 RELGE HAEEGT THY.
space Tl 38H+ AT &E
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Cavity length: 30cm
Laser: 1030nm, 25mW
Finesse: 100

Mirror mass: 1kg
Q-value of a mirror: 10°

1072

Laser Frequency
noise

Frequency [Hz]

Displacement Noise [mle”z]

KR -
3x10°4/VHz @0.1Hz
d =30cm L ¥

I3 BE S
3.6 x 10 15m5_2/v Hz

i ) B BC IR
1.2 x 10" ¥s—2/y/Hz
@0.1Hz

by M. Ando (DPFEE2)

H. Hanada,J. Opt. Soc. Am. A (1992)

V. N. Rudenko, et. al., Measurement Techniques (2001)
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twin satellite FP
GRACE type gradiometer
3km
W/ 1/
. D—D I
3km FP cavity Designed by
T A K. Tsubono

drag-free twin satellites
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Javz ok gradiometer type baseline
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R.L. Forward | cross gradiometer 10cm 6E

+PZTE2 Y — @88SHz
H.J. Paik inline gradiometer 19cm 20mE/vHz

+SQUID @4.2K @0.01 — 1Hz
GRACE | twin satellite 220km 100mE //Hz

microwave doppler
GOCE B ERNEEST 50cm |4mE/vHz
@5 — 100mHz
atom int.1 Stanford, 10 atoms 70cm 40E//Hz
atom int.2 JPL 2km 3uE/V/Hz
DPF FP P 30cm 12uE /v Hz
@D.IHZ

twin satellite FP P 3km 1.2nE/VHz

@().1Hz
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