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(57)	 ABSTRACT

A ring-laser gyroscope system includes a ring-laser gyro-

scope (RLG) and at least one dispersive element optically
coupled to the RLG's ring-shaped optical path. Each disper-
sive element has a resonant frequency that is approximately
equal to the RLG's lasing frequency. A group index ofrefrac-
tion defined collectively by the dispersive element(s) has (i) a
real portion that is greater than zero and less than one, and (ii)
an imaginary portion that is less than zero.

24 Claims, 3 Drawing Sheets
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FIG. 3
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FIG. 5
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RING-LASER GYROSCOPE SYSTEM USING
DISPERSIVE ELEMENT(S)

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 60/914,947, filed on Apr. 30, 2007.

ORIGIN OF THE INVENTION

The invention was made by an employee of the United
States Government and may be manufactured and used by or
for the Government for governmental purposes without the
payment of any royalties.

BACKGROUND OF THE INVENTION

1. Field of the Invention
This invention relates to ring-laser gyroscopes. More spe-

cifically, the invention is a ring-laser gyroscope system that
incorporates one or more dispersive elements to improve
sensitivity while suppressing the dead-band.

2. Description of the Related Art
Ring-laser gyroscopes are well known devices used in a

variety of navigation, alignment, measurement and/or sur-
veying systems. The operating principles of a ring-laser gyro-
scope will be explained briefly withthe aid of FIG.1 where an
embodiment of a ring-laser gyroscope is illustrated and ref-
erenced generally by numeral 10. Three (or more) mirrors 12,
14 and 16 are positioned to define an optical path 18 that
reflects off mirrors 12, 14 and 16 to thereby create a continu-
ous and ring-shaped path. A laser light source 20 pumps
counter-propagating, continuous-wave laser beams at a
selected lasing frequency along path 18 as indicated by
arrows 22 and 24. Then, when ring-laser gyroscope 10 is
rotated about a central axis 26 as indicated by rotation direc-
tion arrow 28, a beat frequency is defined between counter-
propagating laser beams 22 and 24. That is, laser beam 24
propagating in the same direction as rotation direction 28
undergoes a first frequency shift while laser beam 22 propa-
gating in the direction opposite to that of rotation direction 28
undergoes a second frequency shift. The difference between
the two frequency shifts is known as the beat frequency and is
proportional to the rate of rotation. The beat frequency is
detected by a beat-note detector 30.

Unfortunately, conventional ring-laser gyroscopes suffer
from a dead-band in their response as a result of backscatter-
ing as the ring-laser gyroscope rotates. More specifically, at
mirrors 12,14 and 16, minute amounts of backscattered light
(at backscattered frequencies) is generated as light from laser
beams 22 and 24 interact. This effectively couples beams 22
and 24 together. Light at the backscattered frequencies
reduces the gyroscope's sensitivity to low rates of rotation.
The dead-band can be avoided by biasing the gyroscope via
incorporation of a dithering mirror or by using the Faraday
effect. However, a dithering mirror is a moving and noisy
optical component while introduction of the Faraday effect
causes the gyroscope to be sensitive to magnetic field and
temperature variations. The dead-band can be completely
eliminated by using short laser pulses. However, while a
short-pulse-laser ring-laser gyroscope performs well, shot
noise associated with the laser pulses introduces the need to
incorporate complex active stabilization. In addition, short
pulse lasers require a large pump laser that is typically large
and heavy.

2
SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide a method and system for improving the rotation rate

5 sensitivity of a ring-laser gyroscope at lower rates of rotation.
Other objects and advantages of the present invention will

become more obvious hereinafter in the specification and
drawings.

In accordance with the present invention, a ring-laser gyro-
io scope system includes a ring-laser gyroscope (RLG) and at

least one dispersive element. The RLG has a ring-shaped
optical path. The dispersive element(s) is optically coupled to
the RLG's ring-shaped optical path. Each dispersive element
has a resonant frequency that is approximately equal to the

15 RLG's lasing frequency. A group index of refraction defined
collectively by the dispersive element(s) has (i) a real portion
that is greater than zero and less than one, and (ii) an imagi-
nary portion that is less than zero.

20	 BRIEF DESCRIPTION OF THE DRAWING(S)

Other objects, features and advantages of the present
invention will become apparent upon reference to the follow-
ing description of the preferred embodiments and to the draw-

25 ings, wherein corresponding reference characters indicate
corresponding parts throughout the several views of the draw-
ings and wherein:

FIG. 1 is a schematic view of a conventional ring-laser
gyroscope;

30 FIG. 2 is a schematic view of a ring-laser gyroscope system
incorporating a dispersive element in accordance with an
embodiment of the present invention;

FIG. 3 is a schematic view of a ring-laser gyroscope system
incorporating multiple, spaced-apart dispersive elements in

35 accordance with another embodiment of the present inven-
tion;

FIG. 4 is a schematic view of a ring-laser gyroscope system
incorporating multiple, abutting dispersive elements in accor-
dance with another embodiment of the present invention; and

40 FIG. 5 is a schematic view of a ring-laser gyroscope system
incorporating multiple dispersive elements with only one of
the dispersive elements receiving light directly from the ring-
laser's optical path in accordance with another embodiment
of the present invention.

45
DESCRIPTION OF THE PREFERRED

EMBODIMENT(S)

Referring again to the drawings and more particularly to
5o FIG. 2, a ring-laser gyroscope system in accordance with an

embodiment of the present invention is shown and is refer-
enced generally by numeral 100. Elements of system 100 that
are the same as those used in ring-laser gyroscope 10 (FIG. 1)
use the same reference numerals and will not be discussed

55 further herein.
In general, the ring-laser gyroscope of the present inven-

tion includes at least one dispersive element that is optically
coupled to the ring-laser gyroscope's optical path. For
example, system 100 incorporates a dispersive element 40

6o along and in optical path 18 such that the light traversing
optical path 18 passes through dispersive element 40. Disper-
sive element 40 performs two simultaneous functions. First,
for a given rotation rate, dispersive element 40 increases the
frequency difference (i.e., beat frequency) between the

65 counter-propagating laser beams 22 and 24 as gyroscope
system 100 rotates (e.g., as indicated by rotation direction
arrow 28) thereby increasing the system's sensitivity at low
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4
rotation rates. Second, dispersive element 40 absorbs light at

	
to be understood that, within the scope of the appended

the backscattered frequencies generated as the system rotates.	 claims, the invention may be practiced other than as specifi-
By absorbing light at the backscattered frequencies, system	 cally described.
100 suppresses the dead-band. 	 What is claimed as new and desired to be secured by

Dispersive element 40 is a passive optical "element" 5 Letters Patent of the United States is:
capable of achieving the above-described functions. These

	
1. A ring-laser gyroscope system, comprising:

functions are achieved when the resonant frequency of dis- 	 a ring-laser gyroscope (RLG) having a ring-shaped optical
persive element 40 is equal to or approximately equal to the 	 path, said RLG having a lasing frequency; and
lasing frequency of laser beams 22 and 24, and when the	 at least one dispersive element optically coupled to said
index of refraction of dispersive element 40 has (i) a real 10	 ring-shaped optical path, each said dispersive element
portion that is greater than zero but less than one to assure

	
having a resonant frequency that is approximately equal

anomalous dispersion, and (ii) an imaginary portion that is 	 to said lasing frequency of said RLG, wherein a group
less than zero to assure greater absorption at the backscattered

	
index of refraction defined collectively by said at least

frequencies. By positioning this type of dispersive element 40	 one dispersive element has (i) a real portion that is
in optical path 18, dispersive element essentially acts as an 15	 greater than zero and less than one, and (ii) an imaginary
amplitude and phase nonlinear filter. 	 portion that is less than zero.

The realization of dispersive element 40 will vary depend-	 2. A system as in claim 1 wherein said at least one disper-
ing on the basic structure of the ring-laser gyroscope. For 	 sive element comprises a plurality of dispersive elements
example, if the ring-laser gyroscope's optical path 18 exists in	 spaced apart from one another along said ring-shaped optical
free space, dispersive element 40 could be realized by a 20 path.
crystal material that can have a narrow anti-hole burned in the

	
3. A system as in claim 1 wherein said at least one disper-

crystal's homogenous line resulting in anomalous dispersion	 sive element comprises a plurality of dispersive elements
at the laser frequency. One such crystal material is the man-	 abutting one another along said ring-shaped optical path.
made crystal alexandrite. Dispersive element 40 can also be

	
4. A system as in claim 1 wherein said at least one disper-

realized by a "region" filled with an atomic gas such that 25 sive element comprises a plurality of dispersive elements with
optical path 18 is directed therethrough as system 100 rotates.	 only one of said dispersive elements coupled directly to said
For smaller and less expensive versions of system 100, optical

	
ring-shaped optical path.

path 18 could be defined by one or more optical waveguides
	

5. A system as in claim 1 wherein said ring-shaped optical
(e.g., optical fiber, light pipe, etc.). In this case, dispersive 	 path is in free space.
element 40 could be made from an arrangement of high-Q 30	 6. A system as in claim 1 wherein said ring-shaped optical
whispering-gallery-mode micro-resonators evanescently- 	 path is defined by at least one optical waveguide.
coupled to optical path 18 and/or one another where such

	
7. A system as in claim 1 wherein each said dispersive

evanescent coupling is known in the art. 	 element comprises a crystal material.
The location of dispersive element 40 is not limited to the

	
8. A system as in claim 1 wherein each said dispersive

position shown as it could be located in any leg of optical path 35 element comprises at least one high-Q whispering-gallery-
18. Furthermore, the present invention is not limited to the use 	 mode micro-resonator.
of a single dispersive element. For example, FIG. 3 illustrates

	
9. A system as in claim 1 wherein each said dispersive

another ring-laser gyroscope system that has a plurality of
	

element comprises a region filled with an atomic gas.
dispersive elements ("DE") 40A-40C disposed along optical

	
10. A ring-laser gyroscope system, comprising:

path 18 in a spaced-apart fashion. Another option is to serially 40	 a ring-laser gyroscope (RLG) having a ring-shaped optical
abut aplurality of dispersive elements ("DE") 40A-40C along	 path, said RLG generating counter-propagating laser
optical path 18 as shown in FIG. 4. Still another option is to

	
beams at a lasing frequency along said ring-shaped opti-

arrange a plurality of dispersive elements ("DE") 40A-40C as	 cal path wherein a beat frequency is defined between
shown in FIG. 5 where only one dispersive element 40A is 	 said counter-propagating laser beams when said RLG is
optically coupled ("OC") at 42A directly to optical path 18. 45	 rotated, and wherein light at backscattering frequencies
The remaining dispersive elements 40B and 40C are arranged

	
is generated as said counter-propagating laser beams

in succession and are optically coupled at 42B and 42C, 	 traverse said ring-shaped optical path; and
respectively, to receive light indirectly from optical path 18.	 optical means optically coupled to said ring-shaped optical

It is to be understood that while three dispersive elements 	 path for increasing said beat frequency for a given rate of
are illustrated in each of these embodiments, more or fewer 50	 rotation of said RLG and for absorbing said light at
dispersive elements could be used without departing from the

	
backscattering frequencies.

scope of the present invention. When more than one disper- 	 11. A system as in claim 10 wherein said optical means
sive element is used in the present invention, the collective	 comprises a plurality of passive optical elements spaced apart
index of refraction defined by the group of dispersive ele- 	 from one another along said ring-shaped optical path.
ments must have (i) a real portion that is greater than zero but 55	 12. A system as in claim 10 wherein said optical means
less than one, and (ii) an imaginary portion that is less than	 comprises a plurality of passive optical elements abutting one
zero.	 another along said ring-shaped optical path.

The advantages of the present invention are numerous. The
	 13. A system as in claim 10 wherein said optical means

passive optical dispersive elements(s) improve rotation rate 	 comprises a plurality of passive optical elements with only
sensitivity while eliminating dead-band in a ring-laser gyro-  60 one of said passive optical elements coupled directly to said
scope. No moving parts or electromagnetic fields are 	 ring-shaped optical path.
required. The dispersive elements will not increase the size of

	
14. A system as in claim 10 wherein said ring-shaped

a ring-laser gyroscope and are relatively inexpensive. 	 optical path is in free space.
Although the invention has been described relative to a

	 15. A system as in claim 10 wherein said ring-shaped
specific embodiment thereof, there are numerous variations 65 optical path is defined by at least one optical waveguide.
and modifications that will be readily apparent to those

	 16. A system as in claim 10 wherein said optical means
skilled in the art in light of the above teachings. It is therefore 	 comprises a crystal material.
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17. A system as in claim 10 wherein said optical means
comprises at least one high-Q whispering-gallery-mode
micro-resonator.

18. A system as in claim 10 wherein said optical means
comprises at least one region filled with an atomic gas.

19. A method of improving rotation-rate sensitivity of a
ring-laser gyroscope (RLG) having a lasing frequency, com-
prising the step of optically coupling at least one dispersive
element to said ring-shaped optical path, each said dispersive
element having a resonant frequency that is approximately
equal to the lasing frequency of the RLG, wherein a group
index of refraction defined collectively by said at least one
dispersive element has (i) a real portion that is greater than
zero and less than one, and (ii) an imaginary portion that is
less than zero.

20. A method according to claim 19 wherein said step of
optically coupling includes the step of arranging a plurality of
dispersive elements in the ring-shaped optical path in a
spaced-apart fashion.

6
21. A method according to claim 19 wherein said step of

optically coupling includes the step of arranging a plurality of
dispersive elements in the ring-shaped optical path in a serial
abutting fashion.

5 22. A method according to claim 19 wherein said step of
optically coupling includes the step of arranging a plurality of
dispersive elements with only one of said dispersive elements
coupled directly to said ring-shaped optical path.

23. A method according to claim 19 wherein the RLG is a
10 

free-space RLG, and wherein each said dispersive element is
selected from the group consisting of a crystal material and a
region filled with an atomic gas.

24. A method according to claim 19 wherein the RLG is an
15 optical -waveguide RLG, and wherein each said dispersive

element comprises at least one high-Q whispering-gallery-
mode micro-resonator.
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