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PULSED FREE INDUCTION DECAY
NONLINEAR MAGNETO-OPTICAL
ROTATION APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to and the benefit of the
filing of U.S. Provisional Patent Application Ser. No. 61/100,
632, entitled “Pulsed Free Induction Decay Nonlinear Mag-
neto-Optical Rotation Apparatus”, filed on Sep. 26, 2008, and
the specification and claims thereof are incorporated herein
by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

The U.S. Government has a paid-up license in this inven-
tion and the right in limited circumstances to require the
patent owner to license others on reasonable terms as pro-
vided for by the terms of Contract No. N68335-06-C-0042
awarded by the U.S. Department of the Navy.

INCORPORATION BY REFERENCE OF
MATERIAL SUBMITTED ON A COMPACT DISC

Not Applicable.

COPYRIGHTED MATERIAL

Not Applicable.

BACKGROUND OF THE INVENTION

1. Field of the Invention (Technical Field)

The present invention relates to magnetometers, and spe-
cifically to pulsed free induction decay nonlinear magneto-
optical rotation (NMOR) magnetometers and corresponding
methods.

2. Description of Related Art

Sensitive magnetometers are important in a variety of
fields, including defense applications such as submarine
detection and mineral exploration. Atomic magnetometers
feature high sensitivity to the magnitude of the total magnetic
field, making them easier to deploy because the signal is
almost independent of the orientation of the sensor with
respect to the field. A number of companies manufacture
atomic magnetometers, including cesium magnetometers by
Geometrics (San Jose, Calif.) and Scintrex (Concord, Ontario
Canada) and potassium magnetometer by GEM Systems
(Markham, Ontario Canada). These commercial magnetom-
eters are based on the original work of Bell and Bloom [W.
Bell and A. Bloom, “Optically driven spin precession,” Phys.
Rev. Lett. 6,280-281 (1961).] In such magnetometers, visible
or near-infared radiation is applied to an atomic vapor with
the wavelength chosen to be resonant with one of the allowed
electronic transitions. The optical radiation polarizes the
atoms. A radiofrequency (RF) field is also applied. When the
frequency of the RF field is resonant with the Larmor fre-
quency of the atoms, the field induces transitions among the
magnetic sublevels, such that the optical properties of the
atomic vapor are changed. A change in transmission can be
observed. These magnetometers typically achieve a sensitiv-
ity of 1 to 10 picoTesla in a 1 Hz bandwidth. In addition, the
RF field has a long wavelength and thus is difficult to confine
to the atomic vapor. When such magnetometers are placed in
close proximity it is possible for the RF field from one device
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to influence the performance of the neighboring device, pos-
sibly degrading the accuracy with which the field is mea-
sured.

In addition to observing spectroscopic transitions among
the magnetic sublevels in the frequency domain, it is possible
to observe the transitions in the time domain. When a sample
is excited with a pulse, a damped oscillation decay signal
known as free induction decay (FID) can result. The oscilla-
tion frequency has information equivalent to the transition
frequencies of the spectrum observed the frequency domain,
and the damping envelope has information equivalent to the
width of the transition in the frequency domain. FID is known
in nuclear magnetic resonance (NMR) and optical spectros-
copy. See, e.g., W. Demtroder, Laser Spectroscopy, Basic
Concepts and Instrumentation, 3rd ed, Springer Verlag, New
York (1988), pp. 580 ff.

Nonlinear magneto-optical rotation (NMOR) is a recently
developed technique for measuring magnetic fields with high
sensitivity. A typical NMOR apparatus includes a low pres-
sure cell that contains atomic vapor and that has at least one
window for admitting light to atoms and for transferring light
to a detector. The apparatus also includes a linearly polarized
light source that can be tuned to a spectral feature of the
atomic vapor. Polarizers for analyzing the light transmitted
through the atomic vapor, and photo-detectors for converting
light intensity to an electrical signal are also included. The
cell is a glass bulb or a glass tube, the inner surfaces of which
are treated with a hydrocarbon to suppress wall relaxations.
The light source is a diode laser. The photodetector is a
photodiode. Fiber optics deliver the light beam and receive
the return beam.

FIG. 1 illustrates a schematic diagram of a known ampli-
tude-modulated (AM)-NMOR apparatus. In this diagram, a
diode laser is used as a light source. The wavelength of the
laser is stabilized at a target point on the spectral feature. A
dichroic atomic vapor line locking apparatus (DAVLL) is
used for stabilization. Separate pump and probe beams are
used, and the amplitude of the pump beam is modulated with
a Mach-Zender modulator (MZM). A magnetic-field probe
comprises an atomic vapor sample in an anti-relaxation-
coated glass cell, and also comprises polarization optics for
defining the polarization of the probe beam and analyzing it.
The detection scheme can be differential detection as illus-
trated in FIG. 1, or a single detector can be used. Better
sensitivity is usually obtained when the analyzing polarizer is
set so that equal optical power falls on two detectors, so that
their difference measures the time-dependent polarization
rotation while cancelling laser amplitude noise. When a
single detector is used, the analyzing polarizer is set at a point
that balances detector noise and source noise.

When a light source is tuned to an atomic spectral feature,
the light source pumps the atoms in the cell, causing an
alignment of the atoms as a result of coherence between the
magnetic sublevels of the ground state. In one NMOR tech-
nique, a laser is operated continuously, which is capable of
measuring fields only when they are very close to zero. The
Larmor precession frequency is less than the relaxation rate.
For typical relaxation rates of about 10 s~ and tuning rates of
about 10 Hz/nT, the measurement range is about 1 nT.

Both frequency-modulated NMOR (FM-NMOR) and
amplitude modulated NMOR (AM-NMOR) are available
modulation techniques. These modulation techniques can be
used to measure higher magnetic fields, at least up to Earth’s
field and well beyond, by using stroboscopic pumping of the
atoms. However, in FM-NMOR and AM-NMOR the modu-
lation frequency is carefully matched to the Larmor preces-
sion frequency of the atomic sample or one of its harmonics,
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typically within about 1/relaxation rate. S. Pustelny et al.,
“Nonlinear magneto-optical rotation with modulated light in
tilted magnetic fields™, Phys. Rev. A 74, 063420 (2006). Such
matching is accomplished by tuning the modulation fre-
quency or by operating the magnetometer in a self-oscillating
configuration. However, the need to precisely match the
modulation frequency is a problem when measuring the mag-
netic field at several points, as in a gradiometer or an array
detector, because typical spatial variations in the magnetic
field over distances of one meter result in Larmor frequencies
that differ by more than a typical line width of 1 nT. WO
2009/073256 describes the measurement of magnetic fields
by NMOR using modulation of the frequency or amplitude of
a light source. However, the modulation itself is continuous.
The modulation frequency must be closely matched (typi-
cally, to within less than 10 Hz) to a harmonic of the Larmor
frequency. A separate modulator is needed for each measure-
ment point. This can add significant cost and complexity to
the system. In addition, technical problems can arise. When
two channels are used to measure a gradient by self-oscillat-
ing AM NMOR, inadvertent locking of the two channels can
occur as a result of coherent electrical noise.

U.S. Pat. No. 7,573,264 and WO 2009/079054 describe a
method and apparatus for detecting RF fields, including the
free induction decay magnetic field generated by a sample.
The invention applies RF pulses to the nuclei of a sample
under study. However, the magnetometer itself operates with
continuous modulation, which must be matched to a har-
monic of the Larmor frequency. This prior art does not dis-
close means for creating a single optical pulse or a short burst
of optical pulses to excite the atoms in the magnetometer. As
a result, if it is desired to measure fields at a number of
locations simultaneously, then each measurement point
would need to be provided with its own modulation means.

Additional arguably related references are next discussed.
WO 2009/073740 and WO 2009/073736 disclose a technique
for manipulating spins in a solid state lattice. Like a Bell-
Bloom magnetometer, both anoptical field and an RF field are
required. RF pulses control the spins, while a laser reads out
the spin state. Separate RF pulses are polarized along x and y.

More recently, all-optical magnetometers have been intro-
duced in the laboratory. These include spin-exchange-relax-
ation free (SERF) magnetometers (U.S. Pat. No. 7,038,450).
SERF magnetometers achieve high sensitivity but require
high sample temperature to achieve a high density of atoms.
SERF magnetometers also operate at relatively low magnetic
fields (less than 0.1 microTesla), so that operation at fields
typical of Earth’s surface (20-80 microTelsa) requires the use
of a stable magnetic field which can reduce Earth’s field to a
level where the magnetometer can operate.

Pulsed excitation has also been used to improve the perfor-
mance of a fluxgate magnetometer. U.S. Pat. No. 7,378,843.
The fluxgate magnetometer is a different measurement
approach from atomic magnetometers. The fluxgate includes
a magnetic core and at least one plurality of windings. Pulses
of electric current of either a positive or alternating sign are
applied to one of the windings. The pulse frequency can be
chosen arbitrarily to optimize the bandwidth. The FID decay
of'the resulting signal cannot be used to measure the magnetic
field by analyzing its frequency content. The calibration of the
fluxgate magnetometer depends on the calibration of the
windings and of the current pulse.

The present invention is an optical magnetometer that does
not require RF fields, so that two magnetometers can be
placed in close proximity without cross-talk between the
readings. The magnetometer does not require reducing the
magnetic field below the value typical of Earth’s surface. The
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burst period need not closely match the Larmor frequency, so
it is possible to measure magnetic fields at a number of points
using a single modulation means. The measurement of the
magnetic field depends on the properties of the atomic vapor,
resulting in stable calibration.

There is currently a need for an NMOR that does not have
the inherent problems of the NMOR techniques discussed
above. Embodiments of the present invention solve these
problems.

BRIEF SUMMARY OF THE INVENTION

The present invention is of a magnetometer and concomi-
tant magnetometry method, comprising: emitting light from a
light source; via a pulse generator, pulsing light from the light
source; directing the pulsed light to an atomic chamber;
employing a field sensor in the atomic chamber; and via a
signal processing module, receiving a signal from the field
sensor. In the preferred embodiments, the pulsed light is
linearly polarized. The field sensor comprises an atomic
vapor selected from lithium, sodium, rubidium, and cesium.
Preferred light sources are a dye laser, a diode laser, a distrib-
uted feedback laser, and/or a vertical cavity surface emitting
laser. A single light path can be employed. The pulsed light
can be amplitude, frequency, and/or wavelength modulated.
The pulse generator preferably uses a pulse duration shorter
than approximately Y4 of the Larmor precession period of
atoms in the atomic chamber, and in one embodiment pro-
duces a succession of pulses during a pump period, the time
between pulses being about equal to %4 the Larmor precession
period or integer multiples thereof. The pulse generator in
another embodiment produces a succession of one or more
pulses during a pump period and is operated at a stable level
during a probe period. The signal processing module com-
prises a balanced polarimeter, two photodetectors, and a dif-
ference amplifier. Alternatively, the signal processing module
comprises a nearly crossed polarimeter and a single photode-
tector. Preferably, the signal processing module comprises a
sensor of fluorescence from the field sensor and employs a
probe beam, most preferably a linearly polarized probe beam.

The present invention is also of a magnetometer (and con-
comitant magnetometry method), comprising: a pulsed light
source; a continuous-wave light source; a pulse generator
permitting pulsing of light from said pulsed light source; a
path for said pulsed light to travel to an atomic chamber; a
path for said continuous-wave light to travel to said atomic
chamber; a field sensor generating an optical signal in said
atomic chamber; a signal processing module receiving said
optical signal from said field sensor; and a path for said
optical signal to travel to said signal processing module.

Further scope of applicability of the present invention will
be set forth in part in the detailed description to follow, taken
in conjunction with the accompanying drawings, and in part
will become apparent to those skilled in the art upon exami-
nation of the following, or may be learned by practice of the
invention. The objects and advantages of the invention may be
realized and attained by means of the instrumentalities and
combinations particularly pointed out in the appended
claims.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The accompanying drawings, which are incorporated into
and form a part of the specification, illustrate one or more
embodiments of the present invention and, together with the
description, serve to explain the principles of the invention.
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The drawings are only for the purpose of illustrating one or
more preferred embodiments of the invention and are not to
be construed as limiting the invention. In the drawings:

FIG. 1 is a schematic diagram of an amplitude modulated
NMOR magnetometer;

FIG. 2 illustrates a damped exponential signal expected for
a single pump pulse;

FIG. 3 illustrates a timing diagram comprising a pump
sequence followed by a probe sequence during which the free
induction decay is observed by its modulation of the polar-
ization of the beam; and

FIG. 4 is a schematic diagram of an embodiment of the
present invention comprising a free induction decay (FID)
NMOR magnetometer.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is of a free induction decay NMOR
(FID NMOR) and concomitant methods. Advantages of FID
NMOR include but are not limited to:

No broadening from the pump beam during the probing
sequence, hence, high pumping power creates a stronger sig-
nal, without increasing the relaxation rate.

One beam can be used as both pump and probe, without
adverse modulation effects on the probe beam.

Pumping can use AM modulation, FM modulation and/or
tone burst modulation.

Pumping can be accomplished in a single pulse (if suffi-
cient power is available) or in a series of pulses, each of lower
power.

Detection can be accomplished by monitoring fluorescent
light emitted from the atoms while the pump beam is off.

Pump and probe lasers can propagate in the same direction
without the need to spatially separate them. This is useful for
remote excitation and probing of NMOR signals.

In one embodiment of the present invention and as illus-
trated in FIG. 4, an FID NMOR apparatus 10 provides
light beams, preferably linearly-polarized, for pumping
and probing atoms and atomic vapor. The apparatus
comprises laser 12, MZM 14, DAVLL 16, laser control
18, pulse generator 20, signal processing module 22,
difference signal (multimode fibers) 24, photodiodes
28,29, difference amplifier 30, and field sensor 26 within
polarimeter 25. The FID NMOR also comprises a
method of pulsed excitation (several methods are
described below) and a digitizer that can preferably digi-
tize the free-induction decay for processing by a Fourier
transform or other algorithm that can recover the Larmor
frequency. A lock-in amplifier is not required for the FID
NMOR of this embodiment. Instead, it has been
replaced with a more general signal processing module
22. In this embodiment, a beam is preferably used to
deliver the light used to pump and probe the atomic
vapor. The AM-NMOR requires at least two beams to
deliver the light used to pump and probe the atomic
vapor.

In another embodiment of the present invention, the sim-
plest method of pulsed excitation is preferably a pulsed laser
such as a pulsed dye laser. An example is the Sirah laser
system from Newport, which can produce approximately 10
mlJ pulses of less than 1.2 GHz line width. If this laser is tuned
near an atomic absorption feature of Rb, it preferably excites
many atoms. Atoms whose transition moments are aligned
with the polarization vector of the pump laser’s electric field
are either driven by Rabi oscillations or are spontaneously
emitted back to the ground state in a short time. In this
embodiment, the pump pulse leads to the creation of coher-
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ence among the magnetic sublevels of the ground state. This
coherence preferably evolves at the Larmor frequency, as for
AM-NMOR and FM-NMOR. However, unlike AM-NMOR
or FM-NMOR, the pumping stops, and the coherence decays.
A continuous probe laser beam that is linearly polarized pref-
erably has its polarization state changed as a function of the
Larmor precession of the atomic coherence. The damped
decay preferably looks like the exponentially damped sine
wave as illustrated in FIG. 2.

Referring to FIG. 2, the damped exponential is character-
ized by the frequency of the sine wave and the exponential
decay rate. In FIG. 2, the ratio is about 10:1, chosen to make
the illustration clear. The invention applies to a wide range of
ratios of sine wave and exponential decay. The geophysical
field on Earth’s surface is in the range of approximately pT,
for which the Larmor frequency is in the range of approxi-
mately 100 kHz to 1 MHz for alkali atoms, whereas an anti-
relaxation coated atomic vapor cell has a decay rate of about
1 to 100 per second, for a ratio of approximately 1,000:1 to
1,000,000:1. To picture such a free-induction decay, the oscil-
lations are drawn extremely close to one another.

Although using a pulsed excitation source such as a dye
laser is easy to do in the laboratory, for many applications, it
is better to use a much smaller, less expensive, but lower-
power source such as a diode laser. Possible lasers for an
embodiment of the present invention include, but are not
limited to, distributed feedback (DFB) lasers with output
power of several hundred mW and vertical cavity surface
emitting lasers (VCSELs) with output power of a few mW.
For an AM-NMOR magnetometer, the optimum pump power
is in the range of 10 to 5000 uW, for a total energy of 1 to 100
pJ in the approximately 0.001 to 1 second lifetime of the
coherence. In accordance with an embodiment of the present
invention, delivering the same energy in a pulse equal to Y4 the
Larmor period at Earth’s field requires a power of approxi-
mately 10 pJ/3 pus=2 to 1000 W. This exceeds the peak power
available from most diode lasers, especially when optical
fibers are used to deliver the light to the sample. Using a pulse
duration longer than % the Larmor period unpumps the
coherence.

In one embodiment of the present invention, an effective
optical coherence can be created by using multiple optical
pulses, each of which is shorter than %4 the Larmor period,
and which are separated in time by an interval equal to or
substantially equal to % the Larmor period. For example, a
chain of about 1000 such pulses requires a peak power of
about 2 to 1000 mW. This is well within the range that can be
provided by commercial single frequency diode lasers.
Although the pulses of this embodiment preferably match the
Larmor frequency, this matching is greatly relaxed compared
to AM-NMOR or FM-NMOR because the 1000 pulses occur
in a much shorter time interval of about 3.3 ms, versus the 100
ms coherence lifetime.

The optimum pump power in AM-NMOR and FM-NMOR
results from a compromise between creating a high degree of
atomic coherence (demanding high power) and maximizing
the lifetime of the coherence to provide a narrow resonance
width (demanding low power). In an FID NMOR in accor-
dance with an embodiment of the present invention, the
coherence is preferably measured when the pump field is off,
s0 it is possible to use stronger pump fields and thereby
achieve stronger coherence, without the penalty of a broad-
ened resonance. Broadening has the effect of reducing the
sensitivity to the magnetic field.

Using separate modulated pump and unmodulated probe
beams provides an advantage in AM-NMOR and
FM-NMOR, in that the signal detected at the Larmor fre-
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quency or one of its harmonics by the probe beam is almost
completely free from background effects. The origin of these
background effects is unclear, but they become stronger as the
field increases into the geophysical range, and they may be
related to other magnetic rotation phenomena. The same
background suppression advantage can be obtained in an
embodiment of the present invention by using a single beam
in an FID NMOR. Using one beam makes it easier to use fiber
optics to deliver the light to the atomic probe (only one fiber
is required), and it also preferably guarantees the alignment of
the polarization axis of the pump and probe beams. The pump
and probe functions can be separated in time, as illustrated in
FIG. 3. The pump beam is preferably pulsed between a peak
power level and zero. The same beam is adjusted to a low light
level to act as the probe beam during the observation time.
The detector sees the intense pump pulses, and then recovers
to measure the weak probe beam.

Another embodiment of the present invention uses wave-
length or frequency modulation of the pump light as another
measurement approach. With this approach, the amplitude of
the pump laser is preferably kept approximately constant, and
the wavelength (frequency) of the laser is modulated onto and
off of the spectral feature, thus turning on and off the optical
pumping. Similar to the amplitude modulated case, the wave-
length is preferably tuned on resonance just once or itis swept
through the resonance a number of times, and then swept off
resonance to record the free induction decay. Tone burst
modulation can also be used. With this approach, the laser
frequency is preferably modulated at some high frequency,
much higher than the Larmor frequency, creating one or more
sidebands on the laser carrier frequency. Some of the side-
bands overlap the spectral transition of the atoms. The modu-
lation is turned on and off. When the modulation is on, the
side bands that overlap the spectral transition pump the
atomic vapor. As before, the pumping can be a single pulse or
a series of pulses timed to the Larmor frequency.

Yet another embodiment of this invention comprises free
space remote detection of magnetic fields. This method pref-
erably comprises an atomic vapor cell and a non-magnetic
retro-reflector deployed at a measurement site. A pump, a
probe laser, a detector, and a polarizer are preferably located
remotely. The pump and probe beams can over-fill the atomic
vapor cell for ease of alignment. Under these conditions, the
return paths of the pump and probe beams preferably overlap
spatially. Using a pulsed FID measurement in accordance
with the embodiments of this invention allows the beams to be
separated in time, simplifying the requirements for filtering
out the pump light. A further embodiment of the present
invention comprises using the same beam as both pump and
probe, with a temporal profile chosen to maximize the cre-
ation of the coherence in the pumping part of the cycle, then
optimize the magnetic sensitivity in the observing part of the
cycle, as illustrated in FIG. 3.

Note that in the specification and claims, “about” or
“approximately” means within twenty percent (20%) of the
numerical amount cited.

Although the invention has been described in detail with
particular reference to these preferred embodiments, other
embodiments can achieve the same results. Variations and
modifications of the present invention will be obvious to those
skilled in the art and it is intended to cover in the appended
claims all such modifications and equivalents. The entire
disclosures of all references, applications, patents, and pub-
lications cited above are hereby incorporated by reference.

What is claimed is:

1. A magnetometer comprising:

a light source;
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apulse generator permitting pulsing of light from said light

source;

a path for the pulsed light to travel to an atomic chamber;

a field sensor in said atomic chamber; and

a signal processing module receiving a signal from said

field sensor; and

wherein said magnetometer does not employ a means for

applying a magnetic field to said atomic chamber.

2. The magnetometer of claim 1 wherein said pulsed light
is linearly polarized.

3. The magnetometer of claim 1 wherein said field sensor
comprises an atomic vapor selected from the group consisting
of lithium, sodium, rubidium, and cesium.

4. The magnetometer of claim 1 wherein said light source
is a dye laser.

5. The magnetometer of claim 1 wherein said light source
is a diode laser.

6. The magnetometer of claim 1 wherein said light source
is a distributed feedback laser.

7. The magnetometer of claim 1 wherein said light source
is a vertical cavity surface emitting laser.

8. The magnetometer of claim 1 wherein said path is a
single path.

9. The magnetometer of claim 1 wherein said pulsed light
is amplitude, frequency, or wavelength modulated.

10. The magnetometer of claim 1 wherein said pulse gen-
erator uses a pulse duration shorter than approximately Y4 of
the Larmor precession period of atoms in said atomic cham-
ber.

11. The magnetometer of claim 10 wherein said pulse
generator produces a succession of pulses during a pump
period, the time between pulses being about equal to V% the
Larmor precession period or integer multiples thereof.

12. The magnetometer of claim 1 wherein said pulse gen-
erator produces a succession of one or more pulses during a
pump period and is operated at a stable level during a probe
period.

13. The magnetometer of claim 1 wherein said signal pro-
cessing module comprises a balanced polarimeter, two pho-
todetectors, and a difference amplifier.

14. The magnetometer of claim 1 wherein said signal pro-
cessing module comprises a nearly crossed polarimeter and a
single photodetector.

15. The magnetometer of claim 1 wherein said signal pro-
cessing module comprises a sensor of fluorescence from said
field sensor.

16. The magnetometer of claim 1 wherein said signal pro-
cessing module employs a probe beam.

17. The magnetometer of claim 16 wherein said signal
processing module employs a linearly polarized probe beam.

18. A magnetometry method comprising the steps of:

emitting light from a light source;

via a pulse generator, pulsing light from the light source;

directing the pulsed light to an atomic chamber;

employing a field sensor in the atomic chamber; and

via a signal processing module, receiving a signal from the

field sensor; and

wherein the method does not apply a magnetic field to the

atomic chamber.

19. The method of claim 18 additionally comprising the
step of linearly polarizing the pulsed light.

20. The method of claim 18 wherein the field sensor com-
prises an atomic vapor selected from the group consisting of
lithium, sodium, rubidium, and cesium.

21. The method of claim 18 wherein the light source is a
dye laser.
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22. The method of claim 18 wherein the light source is a
diode laser.

23. The method of claim 18 wherein the light source is a
distributed feedback laser.

24. The method of claim 18 wherein the light source is a
vertical cavity surface emitting laser.

25. The method of claim 18 wherein the directing step
employs a single path.

26. The method of claim 18 additionally comprising the
step of amplitude, frequency, or wavelength modulating the
pulsed light.

27. The method of claim 18 wherein the pulse generator
uses a pulse duration shorter than approximately %4 of the
Larmor precession period of atoms in the atomic chamber.

28. The method of claim 27 wherein the pulse generator
produces a succession of pulses during a pump period, the
time between pulses being about equal to Y2 the Larmor
precession period or integer multiples thereof.

29. The method of claim 18 wherein the pulse generator
produces a succession of one or more pulses during a pump
period and is operated at a stable level during a probe period.

30. The method of claim 18 wherein the signal processing
module comprises a balanced polarimeter, two photodetec-
tors, and a difference amplifier.

31. The method of claim 18 wherein the signal processing
module comprises a nearly crossed polarimeter and a single
photodetector.
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32. The method of claim 18 wherein the signal processing
module comprises a sensor of fluorescence from the field
sensor.
33. The method of claim 18 wherein the signal processing
module employs a probe beam.
34. The method of claim 33 wherein the signal processing
module employs a linearly polarized probe beam.
35. A magnetometer comprising:
a pulsed light source;
a continuous-wave light source;
a pulse generator permitting pulsing of light from said
pulsed light source;
a path for said pulsed light to travel to an atomic chamber;
a path for said continuous-wave light to travel to said
atomic chamber;
a field sensor generating an optical signal in said atomic
chamber;
a signal processing module receiving said optical signal
from said field sensor; and
a path for said optical signal to travel to said signal pro-
cessing modulei and
wherein said magnetometer does not employ a means for
applying a magnetic field to said atomic chamber.

#* #* #* #* #*
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