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Technical Development of Absolute Gravimeter:
Laser Interferometry and Atom Interferometry
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Abstract Absolute gravimeter is a precise metrological instrument for absolute gravimetry. Absolute gravimetry
refers in particular to the measurement of acceleration of gravity on the earth directly which finds important applica-
tions in earth sciences and metrology. The earliest absolute gravimetry was performed in the year of 1590. From
1590 to 1960, pendulum principle was the main method to perform the absolute gravimetry. From 1960, with the
invention of the laser technology, people began to use laser absolute gravimeter to perform the absolute gravimetry
by measuring the free motion (falling or rising freely) of an object, which is the big progress in the history of pre-
cise gravity measurement. In 1991, the group of professor Steven Chu from Standford University used the free mo-
tion of laser cooling atoms and atom interferometry technology to perform the absolute gravimetry for the first time,
which successfully developed the first atom interferometry absolute gravimeter in the world. National Institute of
Metrology (NIM) China is the first organization to research absolute gravimeter in China. Taking the example of
development of absolute gravimeter in NIM, we review the technical development of laser absolute gravimeter and
atom interferometry absolute gravimeter, especially reveals the revolutionary contribution to the development of ab-
solute gravimetry due to the invention of laser technology.
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Fig. 10 Atomic interference fringes™
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Vacuum chamber
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Fig. 11 System structure diagram of atom

interferometry absolute gravimeter™”
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Fig. 12 Vacuum system of NIM-AGRb-1 atom
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Fig. 14 Schematic of a small optical system. (a) Schematic of a small optical system developed by
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Fig. 15 Long term gravity measurement data. (a) Long term gravity measurement data of NIM-AGRb-1 atom

interferometry absolute gravimeter; (b) experimental data and theoretical difference

SR J T T 5 4 of o A B R R B I R
5 4R Bl R FE L S O IR A 5 R R

[28]

T W A SR 1 TR O ] P AR 4 B 5T /N AL I
J5 - AR R X L i I B R S0 SYRTE

0102002-12



B F T+ B £ 3 4R ik

E 415 F18/2021 £1 B/HFEFR

@

Q

=

S

kS

3 1t .

© N

= N\

g

< —o— NIM-AGRb-1 E\\
—e— FG5X-249 -
—a— Ag of NIM-AGRb-1 and FG5X-249

O’] 1 I I
10 100 1000 10000
Time/s

16 NIM-AGRb-1 5 J J 2 240 i by g Jy 2
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APM 28
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k . independent 0.0 0.5
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NIM-AGRb-1 Coriolis —0.3 0.2
Wavefront 1.3 5.0
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Total —18.6 5.2

5 T W A 255 7 K YR T 7 B O 7 B A T R Y
B, A IR 58 5 A9 1 L 5 R T AR F 5 R
T RAE WS . o T PR I RO 51 8 1 &R 4 iR
22, 0] L g e AR TR 3 R Bk R R [ 3 Bl
T R E E — el 3~4 pGal 8%, 2018

AF ik FE BB OR ST B /0 2 41 T8 R AR A BF 28 e v 2
SCPR TR E R IR 50 oKl i Bl T IR L
o H Y R MR R R Y 0, PRAG IE R
i kR ) i % 5 BRI T W A 200 A B R R o
1.3 pGal ™, RN S A B RF T4 &

0102002-13



B F T+ B £ 3 4R ik

E 415 F18/2021 £1 B/HFEFR

AL B o 0 E S — A AR
4 ZEHRE

H R 30 T 8 4 % 8 AN 2 3 3 R A AR
A AR E 2R RE T A, WO T 4
Xof 5 AN B 25 R B A bR AN 0 B A A Gk )
1. 8 pGal, MG ANHA 2 BE 43 BT R W], X — /K2 ad
I B BROA BE  R R O T U 4 X R UK 1)
Gk — i T e Y R e s L T
BEZGWEZ TGN LR, JRFTlaxtiEh
ASCR — o 35 ¥4 i 0 ST U T 0 Y R 4 Xt
TS, BT W 3 i R R A 0l B TS B
V41 AR A S A % ) 0 AR A T R
ZRK T I HObR S i AR O T
o o 75 348 I A 0 T R A 80N DA KO B L A
Bk — AR E 1 pGal KF, H 2009 FEIF 8, R
F W4T EIGELS 5 T 4% & 7 {CE BF
Xt R 2017 AR FE b o R b [ T R R 2R AF 5 B
FINEIEE 10 Jm e X B I ACE R X, ok B E 6
FEATE R 0 IR T T WX E S T AR5 L
XoF L SEEE T 5O T W 4 AR A IR RS
T AR, AT B Bl R o A T AR R S
LT B AL R 9 RSt AN 2 KA
A CSC R A, X S i R Ol SR v A o i T Y
) 35 i ER A B9 IR S A | R W L A 1
TR SRR N B E SRl . B L RIS RO T
W4 F AR 2 R T v 4 X B AN, R R AR
BIANTFHOG RS W & R, B R P OE T L Ok R
SO R OB R IO R R R N %
UL, WOLH AR T 20 K SRS b 4% 8 1)
HAR K R eae 17 HA L 0L THLE .

Bigt AXAE T P B ZHF R R R E T
FHERARATAFEA AR FEHAH T4, K
IWBEERHNTEAELFRLEHE LR AN
By, — FF ko Bt

2 % X #

[1] Peck E R. Theory of the corner-cube interferometer
[J1. Journal of the Optical Society of America, 1948,
38(12): 1015-1024.

[2] Klopping F. FG5X absolute gravimeter user's manual
[EB/OL]. (2015-10-26) [2020-07-247. http: / mi-
croglacoste. com/wp-content/uploads/2018/01/
FG5X-Manual-115060001 . pdf.

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

0102002-14

Zumberge M A, Rinker R L, Faller ] E, et al. A
portable apparatus for absolute measurements of the
earth's gravity[J]. Metrologia, 1982, 18(3): 145-
152.

Rinker R L. Super spring- a new type of low frequen-
cy vibration isolator [D]. Boulder: University of Col-
orado at Boulder, 1983.

Niebauer T M, Sasagawa G S, Faller ] E, et al. A
new generation of absolute gravimeters[J]. Metrolo-
gia, 1995, 32(3): 159-180.

Klopping F. FG5X absolute gravity meters [ EB/
OL]. (2014-12-01) [2020-07-24] . http: // microgla-
coste. com/ product/fg5-X-absolute-gravimeter/ .
Berrino G. Combined gravimetry in the observation
of volcanic processes in Southern Ttaly[J]. Journal of
Geodynamics, 2000, 30(3): 371-388.

D' Agostino G , Desogus S, Germak A , et al. The
new IMGC-02

measurement apparatus and applications in geophysics

transportable absolute gravimeter:

and volcanology [J]. Annals of Geophysics, 2008,
51:39-49.

Faller ] E, Vitouchkine A L. A new small cam-driv-
en absolute gravimeter[J]. International Association
of Geodesy Symposia, 2005, 129: 276-279.

Feng Y Y, Zhang G Y, Li D X, et al. A transporta-
ble absolute gravimeter for determining the accelera-
tion due to the earth’s gravity[J]. Metrologia, 1982,
18(3): 139-143.

Boulanger Y, Faller J, Groten E, et al. Results of
the second international comparison of absolute gra-
vimeters in Sevres 1985[J]. Bulletin D' Information-
Bureau Gravimétrique International, 1986, 59: 89-
103.

Sakuma A. An industrialized absolute gravimeter:
type GA-60-A description of the instrument and its
trial use in the French Gravity Net[J]. Bulletin D'
Information du BGI, 1983, 53:114-118.

Tsubokawa T, Svitlov S. New method of digital
fringe signal processing in an absolute gravimeter[]J].
IEEE Transactions on Instrumentation and Measure-
ment, 1999, 48(2): 488-491.

Vitushkin . F, Orlov O A. Absolute ballistic gra-
vimeter ABG-VNIIM-1 by D.I. Mendeleyev research
institute for metrology [J]. Gyroscopy and Naviga-
tion, 2014, 5(4): 283-287.

Rothleitner C. Ultra-high precision, absolute, earth
gravity measurements [D]. Erlangen: University of
Erlangen-Nuremberg, 2008.

Kennard E H. Kinetic theory of gases, with an intro-
duction to statistical mechanics [M]. New York:

McGraw-Hill, 1938.



B F T+ B £ 3 4R ik

E 415 F18/2021 £1 B/HFEFR

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

D' Agostino G, Desogus S, Germak A, et al. The as-
sessment of the measurement error due to a non-ver-
tical laser beam path in absolute gravimeters [C] /
Cahier du Centre Europeen dé Geodynamique et de
Séismologie, 2006:26.

van Westrum D, Niebauer T M. The diffraction cor-
rection for absolute gravimeters [J]. Metrologia,
2003, 40(5): 258-263.

Kuroda K, Mio N. Correction to interferometric meas-
urements of absolute gravity arising from the finite speed
of light[J]. Metrologia, 1991, 28(2):75-78.

Nagornyi V D, Zanimonskiy Y M, Zanimonskiy Y
Y. Correction due to the finite speed of light in abso-
lute gravimeters[]]. Metrologia, 2011, 48(3): 101-
113.

Niebauer T M, Billson R, Schiel A, et al. The self-
attraction correction for the FG5X absolute gravity
meter[J]. Metrologia, 2013, 50(1): 1-8.

Svetlov S M. An absolute gravimeter and vibration
disturbances: a frequency responses method [J].
Springer Berlin Heidelberg, 1997: 47-54.

Wahr ] M. Deformation induced by polar motion[]J].
Journal of Geophysical Research Atmospheres, 1985,
90(B11): 9363-9368.

Chandler S C. On the variation of latitude, I[J]. The
Astronomical Journal, 1891, 11: 59-61.

McCarthy D D, Petit G. IERS conventions (2003)
[R]. Frankfurt am Main: IERS, 2004.

Kasevich M, Chu S. Atomic interferometry using
stimulated Raman transitions [J]. Physical Review
Letters, 1991, 67(2): 181-184.

Giltner D M, McGowan R W, Lee S A. Atom inter-
ferometer based on Bragg scattering from standing
light waves[J]. Physical Review Letters, 1995, 75
(14): 2638-2641.

Dalibard J, Cohen-Tannoudji C. Laser cooling below
the Doppler limit by polarization gradients: simple
theoretical models[J]. Journal of the Optical Society
of America B, 1989, 6(11): 2023-2045.

Wang S K, Zhao Y, Zhuang W, et al. Shift evalua-
tion of the atomic gravimeter NIM-AGRb-1 and its
comparison with FG5X [J]. Metrologia, 2018, 55
(3): 360-365.

Geiger R, Landragin A, Merlet S, et al. High-accu-
racy inertial measurements with cold-atom sensors
[J]. AVS Quantum Science, 2020, 2(2): 024702.
FuZ ], Wu B, Cheng B, et al. A new type of com-
pact gravimeter for long-term absolute gravity moni-
toring[J]. Metrologia, 2019, 56(2): 025001.

Bidel Y, Carraz O, Charriére R, et al. Compact cold
atom gravimeter for field applications [J]. Applied

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[46]

[47]

0102002-15

Physics Letters, 2013, 102(14): 144107.

Hu Z K, Sun B L., Duan X C, et al. Demonstration
of an ultrahigh-sensitivity atom-interferometry abso-
lute gravimeter [ J]. Physical Review A, 2013, 88
(4): 043610.

Freier C, Hauth M, Schkolnik V, Mobile

quantum gravity sensor with unprecedented stability

et al.

[J]. Journal of Physics: Conference Series, 2016,
723: 012050.

Bodart Q, Merlet S, Malossi N, et al. A cold atom
pyramidal gravimeter with a single laser beam [J].
Applied Physics Letters, 2010, 96(13): 134101.
Meénoret V, Vermeulen P, Le Moigne N, et al.
Gravity measurements below 10’ g with a transport-
able absolute quantum gravimeter[J]. Scientific Re-
ports, 2018, 8: 12300.

Wu X J, Pagel Z, Malek B S, et al. Gravity surveys
using a mobile atom interferometer[J]. Science Ad-
vances, 2019, 5(9): eaax0800.

Schmidt M, Prevedelli M, Giorgini A, et al. A port-
able laser system for high-precision atom interferom-
etry experiments[J]. Applied Physics B, 2011, 102
(1): 11-18.

Theron F, Carraz O, Renon G, et al. Narrow line-
width single laser source system for onboard atom in-
terferometry[J]. Applied Physics B, 2015, 118(1):
1-5.

Wang Q Y, Wang ZY, FuZ]J, etal. A compact la-
ser system for the cold atom gravimeter [J]. Optics
Communications, 2016, 358: 82-87.

Zhang X W, Zhong ] Q, Tang B, et al. Compact
portable laser system for mobile cold atom gravime-
ters[J]. Applied Optics, 2018, 57(22): 6545-6551.
Zi ¥, Zhang X, Huang M, et al. A compact atom in-
terferometer for field gravity measurements[J]. La-
ser Physics, 2019, 29(3): 035504.

Caldani R, Merlet S, Perecira dos Santos F, et al. A
prototype industrial laser system for cold atom iner-
tial sensing in space[J]. The European Physical Jour-
nal D, 2019, 73(12): 248-256.

Li G, Hu H, Wu K, et al. Ultra-low frequency ver-
tical vibration isolator based on LaCoste spring link-
age[J]. Review of Scientific Instruments, 2014, 85
(10): 104502.

Hensley ] M, Peters A, Chu S. Active low {requency
vertical vibration isolation [J]. Review of Scientific
Instruments, 1999, 70(6): 2735-2741.

Hauth M, Freier C, Schkolnik V, et al. First gravity
measurements using the mobile atom interferometer
GAIN[]J]. Applied Physics B, 2013, 113: 49-55.
Tang B, Zhou L., Xiong Z Y, et al. A programmable



B F T+ B £ 3 4R ik

E 415 F18/2021 £1 B/HFEFR

[48]

[49]

[50]

[51]

broadband low frequency active vibration isolation
system for atom interferometry[J]. Review of Scien-
tific Instruments, 2014, 85(9): 093109.

Zhou M K, Xiong X, Chen L L, et al. Note: a three-
dimension active vibration isolator for precision atom
gravimeters [ J]. Review of Scientific Instruments,
2015, 86(4): 046108.

le Gouet J, Mehlstdaubler T E, Kim J, et al. Limits
to the sensitivity of a low noise compact atomic gra-
vimeter[J]. Applied Physics B, 2008, 92(2): 133-
144.

FuZ]J, Wang QY, Wang Z Y, et al. Participation in
the absolute gravity comparison with a compact cold
atom gravimeter [J]. Chinese Optics Letters, 2019,
17(1): 011204.

Gillot P, Francis O , Landragin A , et al. Stability
comparison of two absolute gravimeters: optical ver-

sus atomic interferometers [J]. Physics, 2014, 51

[52]

(53]

[56]

0102002-16

(5):L9-L11.

Karcher R, Imanaliev A, Merlet S, et al. Improving
the accuracy of atom interferometers with ultracold
sources[J]. New Journal of Physics, 2018, 20(11):
113041.

Zhou M K, Luo Q, Chen L L, et al. Observing the
effect of wave-front aberrations in an atom interfer-
ometer by modulating the diameter of Raman beams
[J]. Physical Review A, 2016, 93:043610.

WuS Q, Feng J Y, Li CJ, et al. The results of
CCM. G-K2. 2017 key comparison[]J]. Metrologia,
2020, 57(1A):07002.

Bidel Y, Zahzam N, Blanchard C, et al. Absolute
marine gravimetry with matter-wave interferometry
[J]. Nature Communications, 2018, 9: 627.

Bidel Y, Zahzam N, Bresson A, et al. Absolute air-
borne gravimetry with a cold atom sensor[J]. Journal

of Geodesy, 2020, 94(2): 20.



