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AMENDED CLAIMS
received by the International Bureau on 17 December 2010 (17.12.2010)

1. An apparatus for obtaining information from a subterrancan
environment penetrated by a borehole, the apparatus comprising:

(2) a carrier configured 1o be conveyed through the borehole;

(b)  an atomic magnetometer disposed at the carrier and configured to
measure a magnetic field related to ihe information; and

(©) a device configured 1o be disposed in the borehole and to transmit
energy comprising the information to the surface of the Earth, a measurement of the

magnetic field being related to the transmitted energy.

2. The apparatus of claim 1, wherein the information comprises a
property of an earth formation in the subterrancan environment and the apparatus

further compriscs:

" (a)” aninstrument coupled to the atomic magnetometer, the instrument
being configured to estimate the property using a magnetic field measurement

performed by the atomic magnetometer,

3, The apparatus of claim 2, wherein the carrier comprises at least one
selection from a group comnsisting ¢f a logging tool, a wireline, a slickline, a drillsuing

and coiled tubing.

4. The apparatus of cilaim 1, wherein the atomic magnetometer is
configured 10 measure precession of spins of electrons in the magnetic field to

measure the magneric field.

5. The apparatus of ¢Jaim 4, wheretn the electrons are part of an alkali-

metal vapor disposed in a cell.

6. The apparatus of ¢laim 5, further comprising an opfical pumping laser

configured to spin-polariz¢ atoms of the vapor.
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7. The apparatus of claim 6, further comprising a probe laser disposed
substantially orthogonal to the optizal pumping laser and configured 10 measure the

precession of spins.

8. The apparatus of claim 7, further comprising a photodetector
configured to receive light from the probe laser traversing the cell wherein a
magnitude of the received light relates to a magnitude of the magnetic field being

measured.

9" - The ‘apparams of cliim 8, further comprising a shield surrounding at
lcast a portion of the cell and configured to shield the vapor from an external

maguetic field.

10.  The apparatus of claim 1, wherein the atomic magnetometer is

fabricated as a micro-electro-mechanical system (MEMS) device.

11. An apparatus for obtaining informaton from a. subterranean
environment, the apparatus comprising: _ _
an atomic magnetometer configured to measure a magnetic ﬁeld related to the

information;

. wherein the information coraprises navigational information for navigating the
subterranean environment and the npparatus further comprises a carrier configured to
convey the atomic magnetomelzr in a borehole penetraling the subterranean

environment, the magnetic field being related to a position in the borehole.

12.  The apparatus of ¢Jaim 11, wherein the magnetic field is the Farth’s

magnetic feld.

v 13.  The apparatus of claim 11, further comprising a ma;,uctlc field source
configured to consecutively apply & first bias magnetic field to the vapor, a second
bias magnetic field orthogonal to the vapor orthogonal to the first magnetic ﬁeld, and
a third bias magnetic field to the vapor orthogonal to the first magnetic field and the
second magnetic field to consiuct a three dimensional magnetic ficld vector
measurement wherein the magnelic field vector is used to provide the navigation

information.
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14.  (Canceled)

15. The apparatus of claim 1, further comprising another atomic
magnetometer configured to be disposed in the borehole and to measure another
magnetic field related to energy comprising other information transmitted from the

surface of the Earth to the another alomic magnetometer.

16. A method for obtainimng information from a subterranean environment

penetrated by a borehole, the method comprising:

(a) conveying an atomic magnetometer to a location in the borehole to

obtain the information;

(®) measuring a magnetic field using the atomic magnetometer wherein

the magnetic field is related to the information; and

“(¢)  transmitting energy comprising the information from a device disposed
in the borehole to a surface of the Barth wherein a measurement of the magnetic field

is related to the transmitted energy.

17.  The method of c¢laim 16, wherein the atomi¢c magnetometer is

‘conveyed by a carrier configured to be conveyed through the borehole.

18.  The method of claint 17, wherein the information comprises a property

of an earth formation in the subterraneéan environment.
19.  (Canceled)
20.  (Canceled)

21.  The method of claim 18, wherein the property ‘is obtained using an
instrument coupled to the atomic magnetometer, the instrument being configired 0
estimate the property using a maxznetic fleld measurement performed by the atomic

magnetometer.

22, The mcthod of claim 16, wherein the information comprises
navigational information for pavigating the subterranean environment, the magnetic

field being related to a position in the borehole.
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