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lamp

(57) A system and method including self oscillating
feedback for acoustic operation of a discharge lamp. The
system includes a ballast configured to receive a modu-
lation input and modulate a lamp power signal in accord-
ance with the modulation input. A photodetector senses

the optical output of the lamp to provide an electrical feed-
back to a feedback circuit. The feedback circuit filters the
feedback to couple a portion thereof corresponding to a
selected acoustic resonance mode of the lamp to the
ballast as the modulation input thereby causing self-os-
cillation at the selected acoustic resonance mode.
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Description

TECHNICAL FIELD

[0001] The present application relates to a system and
method including self oscillating feedback for acoustic
operation of a discharge lamp.

BACKGROUND

[0002] The use of gas discharge lamps, such as high
intensity discharge (HID) lamps, is common in a wide
variety of applications. In a gas discharge lamp, light is
emitted from an arc discharge established between lamp
electrodes. Typically the lamp includes a lamp bulb in-
cluding a sealed arc tube therein. The arc tube may en-
close a fill material including, for example, one or more
metal halides that are vaporized in the arc between the
electrodes to establish the arc discharge. The fill may
also include a buffer for limiting energy transfer from the
arc discharge to the tube walls and, in some circumstanc-
es, a starting gas. The electrodes may be positioned at
the top and bottom of the arc tube, and may be coupled
to a ballast for generating the arc discharge in the fill
material between the electrodes. The arc discharge be-
tween the electrodes emits light that passes through the
light-transmissive materials of the tube and bulb for pro-
viding illumination.
[0003] It is known that under certain operating condi-
tions the arc discharge may take an undesirable shape
and/or become unstable. For example, operating a lamp
with its axis in a horizontal position can result in an arc
discharge which is bowed, or curved upwardly. In a non-
horizontal position, the arc discharge may take a contort-
ed shape, which may be unstable, and vapor phase seg-
regation (incomplete mixing of the metal additives in the
vapor phase of the discharge) may occur. These unde-
sirable conditions in the arc discharge can lead to color
separation over the length of the tube, unintended extin-
guishing of the arc discharge, reduced light output, local
overheating of the arc tube wall, and other problems that
may cause premature lamp failure. This may be partic-
ularly true for lamps having relatively high aspect ratio
arc tubes, e.g. tubes whose length-to-width ratio is great-
er than about 2.
[0004] To reduce or avoid these conditions, modula-
tion of the input lamp power at acoustic frequencies has
been proposed. Modulation of lamp power causes mod-
ulation of the arc temperature distribution and, as a result,
modulation of the gas pressure distribution throughout
the arc discharge tube of the lamp. Certain frequencies
of lamp power modulation cause standing wave acoustic
oscillation of the gas pressure in the tube compelling gas
or vapor movement to counter segregation or gravity-
induced convection in the arc discharge.
[0005] The acoustic standing wave modes of the gas
pressure in discharge lamps are known to those of skill
in the art. In general, because of the generally cylindrical

shape of commercial arc discharge tubes, the acoustic
modes can generally be described as modes of a cylinder
of a size comparable to the cavity in which the arc is
formed in the arc tube of the lamp. If the pressure has a
spatial dependence along the axis of the tube (i.e., the
cylinder of comparable size), then the mode is longitudi-
nal with the number of half-wavelengths in the standing
wave determining the order of the mode. For example,
if there are two half-wavelengths, the mode is the second
longitudinal (2L) mode. If the pressure has a spatial de-
pendence along the radius of the tube, then the mode is
radial, and if the pressure has a spatial dependence
around the circumference of the tube, then the mode is
azimuthal. Combination acoustic modes are also possi-
ble, such as radial-longitudinal modes and azimuthal-lon-
gitudinal modes, in which the pressure distribution varies
along more than one coordinate. These combination
modes can be further defined, depending on the perio-
dicity of the standing wave, such as a combination acous-
tic mode of the third azimuthal and second longitudinal
modes.
[0006] The lamp power modulation frequencies for ex-
citing any acoustic mode may be estimated using cylin-
drical models, as described for example in U.S. Patent
No, 6,844,687, the teachings of which are hereby incor-
porated herein by reference. Excitation of certain modes
in the arc discharge tubes have been found to be partic-
ularly effective in avoiding associated conditions in the
arc discharge. For example, exciting the second azimuth-
al (2A) mode may be particularly effective for straighten-
ing an arc discharge. Also, exciting the second longitu-
dinal (2L) mode has been found to be particularly effec-
tive in reducing or avoiding segregation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Reference should be made to the following de-
tailed description which should be read in conjunction
with the following figures, wherein like numerals repre-
sent like parts:
[0008] FIG. 1 is a block diagram of one exemplary em-
bodiment of a system consistent with the present disclo-
sure;
[0009] FIG. 2 is block diagram of one exemplary em-
bodiment of a ballast useful in a system consistent with
the present disclosure.
[0010] FIG. 3 graphically illustrates an output voltage
vs. time characteristic associated with the ballast shown
in FIG. 2.
[0011] FIG. 4 is a block diagram of another exemplary
embodiment of a system consistent with the present dis-
closure.
[0012] FIG. 5 diagrammatically illustrates placement
of a photodetector relative to an arc discharge tube in a
system consistent with the present disclosure.
[0013] FIG. 6 diagrammatically illustrates placement
of first and second photodetectors relative to an arc dis-
charge tube in a system consistent with the present dis-
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closure.
[0014] FIG. 7 diagrammatically illustrates placement
of optical element(s) for projecting a lamp image on pho-
todetector(s) in a system consistent with the present dis-
closure.
[0015] FIG. 8 is a block flow diagram of one exemplary
method consistent with the present disclosure.

DETAILED DESCRIPTION

[0016] In the efforts leading to the embodiments de-
scribed herein, it has been discovered that the resonant
frequency of an excited mode may shift from an expected
non-excited frequency to a lower excited frequency due
to a changing arc temperature profile caused by the ex-
cited gas flow. In one example, the 2L frequency shifts
from about 26 KHz when not excited to 22.5 KHz when
fully excited. Frequency shift may also occur due to aging
of lamp components. Also, a difference in an estimated
resonant frequency of a particular mode compared to the
actual frequency may exist as a result of manufacturing
tolerance or inaccuracy in estimation. In a system con-
sistent with the present disclosure, the lamp power mod-
ulation frequency is controlled to set and track the reso-
nant frequency of the lamp using a closed-loop self-os-
cillating positive feedback system that resonates at the
acoustic resonance frequency associated with the excit-
ed mode. Shifting of the lamp resonant frequency thus
results in a corresponding shift in the lamp power mod-
ulation frequency, thereby ensuring that the power mod-
ulation frequency is set at the desired resonant frequen-
cy.
[0017] FIG. 1 is a simplified block diagram of one ex-
emplary embodiment 100 of a system consistent with the
present disclosure. The system includes: a gas discharge
lamp 102 coupled to and driven by a ballast 104; a pho-
todetector 106 disposed adjacent the lamp 102 so that
light emitted from the lamp is imparted thereon; and a
feedback loop 108 including a feedback circuit 110 for
coupling an output of the photodetector 106 to the ballast
104 to provide a positive feedback modulation input to
the ballast 104. The term "coupled" as used herein refers
to any connection, coupling, link or the like by which sig-
nals carried by one system element are imparted to the
"coupled" element. Such "coupled" devices, or signals
and devices, are not necessarily directly connected to
one another and may be separated by intermediate com-
ponents or devices that may manipulate or modify such
signals.
[0018] In general, the output of the ballast 104 is cou-
pled to respective electrodes 112, 114 of the discharge
lamp 102. The ballast provides an electrical power signal
to the lamp 102 sufficient for establishing arc discharge
116 in the arc tube whereby light is emitted from the lamp.
The ballast 104 may take any known configuration for
driving the lamp 102, and may provide a power signal
having one or more lamp power modulation frequencies
selected to excite one or more acoustic resonant modes

in the lamp.
[0019] Light emitted by the arc discharge 116 is im-
parted on the photodetector 106. The photodetector 106
may be any known device, such as a PIN photodiode,
for providing an electrical output proportional to the light
imparted thereon. The electrical output of the photode-
tector 106 is coupled to the feedback circuit 110 through
the feedback loop 108. The feedback circuit 110 may
include at least one filter for filtering frequencies corre-
sponding to undesired resonant modes (i.e. modes that
are not intended to be excited in the lamp by the ballast)
and passing frequencies corresponding to a selected res-
onant mode as positive feedback modulation input to the
ballast 104. The feedback circuit 110 may also be con-
figured for establishing greater than unity feedback gain
and a 0° (or an integer multiple of 360°) loop phase shift.
[0020] The modulation input to the ballast 104 may be
coupled to an amplitude modulator. The amplitude mod-
ulator may modulate the power signal output of the ballast
104 in accordance with the modulation input for estab-
lishing the lamp power modulation frequency in the power
signal. The positive feedback to the ballast thus estab-
lishes a closed-loop self-oscillating positive feedback for
driving the lamp 102 at the precise lamp power modula-
tion frequency required to excite a desired acoustic res-
onance mode in the lamp. Tracking the resonant frequen-
cy of the arc discharge using positive feedback to estab-
lish self-oscillation in a manner consistent with the
present disclosure reduces or avoids any variation be-
tween the lamp power modulation frequency and a shift-
ing of the lamp resonant frequency, which could result in
instability of the discharge and inefficient or failed oper-
ation of the lamp.
[0021] A system consistent with the present disclosure
may be configured to excite any mode or combination of
acoustic resonant modes in the lamp, and can provide
self-oscillating positive feedback to any known ballast
configuration for exciting such modes. FIG. 2 schemati-
cally illustrates one example 104a of a ballast configura-
tion useful for implementing a system and method con-
sistent with the present invention. Those of ordinary skill
in the art will recognize that the ballast 104a is shown in
simplified form for ease of explanation. Although a spe-
cific embodiment of a ballast is illustrated in FIG. 2, it is
to be understood that a system and method providing
self-oscillating positive feed-back consistent with the
present disclosure may be implemented using wide va-
riety of known ballast configurations. Also, the illustrated
ballast operates from an alternating current (AC) main
power source for driving an AC lamp configuration. It is
to be understood, however, that the ballast may operate
from a direct current (DC) main power source, e.g. a ve-
hicle battery, and/or the ballast may drive a DC lamp
configuration.
[0022] In the exemplary embodiment shown in FIG. 2,
the ballast 104a includes a DC power supply 202, an H-
bridge commutator 204, a controller 206, and an ampli-
tude modulator 208. The DC power supply may take a
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known configuration for receiving an alternating current
input voltage, e.g. line voltage, and providing a regulated
DC output voltage. The modulation input provided from
the positive feedback loop may be coupled to the ampli-
tude modulator 208. The amplitude modulator 208 may
impart an acoustic amplitude modulation on the DC out-
put voltage of the DC power supply 202 in accordance
with the modulation input. A variety of amplitude modu-
lator configurations for modulating the output of the DC
power supply are known to those of ordinary skill in the
art.
[0023] The modulated DC output voltage may be cou-
pled to the H-bridge commutator 204, which may also
take a known configuration. The outputs of the H-bridge
commutator 204 may be coupled to associated ones of
the lamp electrodes. The controller 206 may be coupled
to the H-bridge commutator 204, in a known manner, for
switching the commutator to provide an acoustically mod-
ulated square wave output to the lamp, as illustrated for
example in FIG. 3. The frequency of the acoustic modu-
lation 302 imparted by the amplitude modulator 208 in
accordance with the modulation input may be selected
for exciting a desired acoustic resonance mode in the
lamp. As discussed above, self-oscillating positive feed-
back provided through the photodiode and the feedback
loop results in tracking of any variance or shifting in the
resonant frequency of the selected mode. Reliable and
precise operation of the lamp in the desired acoustic res-
onance mode may thereby be established.
[0024] Since the feedback loop 108 relies on positive
feedback for driving the amplitude modulator at a lamp
power frequency associated with a selected mode, the
switching of the DC power supply output to the lamp by
the H-bridge commutator 204 under control of the con-
troller 206 may start the feedback necessary to drive am-
plitude modulator. In one embodiment, the controller 206
may cause switching of the H-bridge commutator at the
nominal non-excited resonant frequency associated with
the selected resonance mode. In another embodiment,
the amplitude modulator 208 may be configured to impart
an initial modulation at the nominal non-excited resonant
frequency and subsequently impart modulation only in
response to the modulation input. Other methods of start-
ing the feedback loop, such as simple pulsing of the out-
put of the DC power supply 202, adding a broadband
noise to the lamp power, and momentarily breaking the
feedback loop 108, may be implemented.
[0025] Those of ordinary skill in the art will recognize
that self-oscillating positive feedback can be established
using a wide variety of feedback circuit configurations.
FIG. 4, for example, illustrates an exemplary embodiment
100a of a system consistent with the present disclosure
having a feedback circuit 110a including a pre-amplifier
302, a high pass filter 304, a low pass filter 306, a limiting
circuit 308, and an optional vector signal analyzer 310.
[0026] In the illustrated exemplary embodiment, the
output of the photodetector 106 is coupled to the pre-
amplifier 302. The pre-amplifier 302 may be any known

electrical amplifier configuration for providing amplifica-
tion across the bandwidth of a selected resonant mode,
and may be configured to provide sufficient amplification
to allow subsequent filtering of the photodiode output in
the feedback loop 108. In a system wherein the photo-
detector output is sufficient to allow filtering in the feed-
back loop, e.g. wherein the photodetector includes an
amplifier, the pre-amplifier may be optional. The output
of the pre-amplifier 302 may be coupled to the high 304
and low pass 306 filters.
[0027] The high pass filter 304 may be a known filter
configuration for passing signals at the frequency of the
selected resonant mode and higher, while blocking sig-
nals at frequencies lower than the selected resonance
mode. The low pass filter 306 may be a known filter con-
figuration for passing signals at the frequency of the se-
lected resonant mode and lower, while blocking signals
at frequencies higher than the selected resonance mode.
The high and low pass filters thus combine to pass only
a band of frequencies corresponding to the selected res-
onant mode to the limiting circuit 308.
[0028] The pass band of the combined high 304 and
low pass 306 filters may be selected to account for the
expected frequency drift of the selected resonant mode.
In one embodiment, for example, the pass band may be
centered on a nominal (estimated) non-excited frequen-
cy of the selected resonant mode and extend about
�15% therefrom. As the frequency of selected resonant
mode drifts, therefore, it will remain within the pass band
of the combined high and low pass filters. Although the
illustrated embodiment includes high 304 and low pass
306 filters, those of ordinary skill in the art will recognize
output of the photodetector 106 may be filtered to pass
the selected resonance mode using other known filter
configurations. For example, a band pass filter including
a pass band centered on the nominal non-excited fre-
quency of the selected resonant mode may be substitut-
ed for the high and low pass filters.
[0029] The limiting circuit 308 may be configured for
maintaining the amplitude of modulation input to the bal-
last 104 at a fixed level and to limit the loop gain to unity
at the quiescent oscillation amplitude for allowing stable
self-oscillation. A variety of limiting circuit configurations
are well-known to those of ordinary skill in the art. The
limiting circuit may be configured, for example, as an au-
tomatic gain control (AGC) amplifier, back-to-back Zener
clamping diodes, or a combination of operational ampli-
fiers and digital-to-analog converters that provide an ad-
justable output. An optional known vector signal analyzer
310 may be provided to monitor the output of the limiting
circuit 308. The vector signal analyzer may be configured
to provide an output to an adder 312 for combining with
the limiting circuit output to adjust the phase and/or mag-
nitude thereof to for ensuring and maintaining self-oscil-
lation. Other methods of establishing and maintaining the
loop phase and loop gain necessary to achieve self-os-
cillation are known to those of ordinary skill in the art.
[0030] The photodetector 106 may be placed at any
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fixed location relative to the lamp 102 for receiving the
lamp light output and providing an electrical signal rep-
resentative of the resonance frequency of the selected
mode. For example, the photodetector 102 may be
mounted to a fixed location integral with the lamp, e.g.
on a shroud associated with the arc tube, on the bulb, or
on a separate mounting fixture within or adjacent to the
bulb. Alternatively, the photodetector 106 may be mount-
ed at a remote fixed location, e.g. on the ballast, and
optical elements such as an optical fiber may positioned
for collecting light from the lamp and coupling the light to
the photodetector 106.
[0031] In one embodiment, the photodetector 106 may
be placed at a fixed location relative to the lamp corre-
sponding to the location of a temperature anti-node of
the selected resonance mode. Those of ordinary skill in
the art will recognize that the temperature anti-nodes are
also pressure anti-nodes. A temperature anti-node is a
location of highly fluctuating light that provides for dis-
crimination of resonant frequencies at the output of the
photodetector. FIG.5, for example, diagrammatically il-
lustrates an exemplary arc discharge tube 500 exhibiting
a 2L standing wave acoustic resonance depicted by wave
502. As shown, the 2L acoustic resonance has nodes
about 1/4 of the way from each end of the discharge tube
and anti-nodes at the ends and center of the tube. The
photodetector 106 may be mounted at a fixed location
506 approximately corresponding to a temperature anti-
node, as shown. Of course, other modes would have
temperature nodes and anti-nodes at different locations
from those depicted in FIG. 5. Also, as discussed above
the resonance frequency, and hence the temperature
nodes and anti-nodes, associated with a selected mode
may shift once excited.
[0032] Improved discrimination of resonance frequen-
cies may be obtained by placing a first photodetector
106-1 approximately at a positive-phase anti-node at the
center of the tube and a second photodetector 106-2 ad-
jacent an end of the tube near a negative phase anti-
node, as shown for example in FIG. 6. The photodetector
106-2 adjacent the end of the tube may not be placed at
the very end of the tube where anti-node is located be-
cause there is no arc at that location, the gas is cold and
there is very little light output. Instead, the photodetector
106-2 may be placed at bright spot in front of the elec-
trode. The outputs of the photodetectors 106-1, 106-2
may be coupled to the positive and negative inputs, re-
spectively, of a known differential amplifier 600. The dif-
ferential amplifier 600 may thus provide an output repre-
sentative of the difference between the light at the posi-
tive-phase anti-node and the negative phase anti-node.
[0033] In an embodiment wherein the photodetectors
are spaced from the lamp 102, e.g. at a distance where
the emitted light is diffuse, an optical element(s) 700 may
be provided adjacent the discharge tube 500 for project-
ing a lamp image 702 on the photodetector(s), as shown
for example in FIG. 7. The optical element(s) 700 may
include one or more known lenses for imaging the light

on the photodetectors 106-1, 106-2. The optical element
(s) 700 may also or alternatively include one or more
optical filters including a transmittance characteristic
configured for passing only wavelengths associated with
the selected resonance mode to the photodetectors. The
filters may include, for example, known interference fil-
ters configured as discrete elements or as coatings on
one or more or lenses or one or more lamp components.
Such filters may be used in place of or in addition to the
filters provided in the feedback loop. A mask 704-1, 704-2
may be provided adjacent each photodetector. The mask
may be a generally flat opaque member including a small
opening aligned with an associated photodetector 106-1,
106-2 for passing light from the anti-node(s) of the lamp
image to the photodetector 106-1, 106-2 while blocking
other incident light.
[0034] FIG. 8 is a block flow diagram of one method
800 for driving a gas discharge lamp consistent with the
present disclosure. The illustrated block flow diagram
may be shown and described as including a particular
sequence of steps. It is to be understood, however, that
the sequence of steps merely provides an example of
how the general functionality described herein can be
implemented. The steps do not have to be executed in
the order presented unless otherwise indicated.
[0035] In the exemplary embodiment illustrated in FIG.
8, a power signal to the lamp may be modulated 802,
e.g. by a ballast, in accordance with a modulation input
signal. The light emitted by the lamp may be detected
804 and an electrical feedback signal may be provided
in response thereto. Self-oscillation at a selected acous-
tic resonance mode may be caused 806 by providing a
portion of the feedback output corresponding to the se-
lected acoustic resonance mode as the modulation input.
[0036] According to one aspect of the present disclo-
sure there is thus provided a system for driving a gas
discharge lamp. The system includes a ballast configured
to receive a modulation input and provide an output to
the lamp, the output being modulated in accordance with
the modulation input; a photodetector configured to pro-
vide an electrical feedback output in response to light
emitted by the lamp being imparted thereon; and a feed-
back circuit configured to receive the feedback output.
The feedback circuit includes at least one filter for passing
only a portion of the feedback output corresponding to a
selected acoustic resonance mode of the lamp. The feed-
back circuit is configured to couple the portion of the feed-
back output to the ballast as the modulation input to there-
by cause the system to self-oscillate at the selected
acoustic resonance mode.
[0037] According to another aspect of the disclosure,
there is provided a system for driving a gas discharge
lamp including: a ballast configured to receive a modu-
lation input and provide an output to the lamp, the output
being modulated in accordance with the modulation in-
put; a photodetector configured to provide an electrical
feedback output in response to light emitted by the lamp
being imparted thereon; and a feedback circuit config-
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ured to receive the feedback output. The feedback circuit
includes at least one filter for passing only a portion of
the feedback output corresponding to a second longitu-
dinal resonance mode of the lamp and a limiting circuit.
The feedback circuit is configured to couple the portion
of the feedback output to the ballast as the modulation
input with a fixed amplitude established by the limiting
circuit to thereby cause the system to self-oscillate at the
second longitudinal resonance mode.
[0038] According to another aspect of the present dis-
closure there is provided a method of driving a gas dis-
charge lamp. The method includes modulating a power
signal to the lamp in accordance with a modulation input
signal; detecting light emitted by the lamp and providing
an electrical feedback output in response thereto; and
causing self-oscillation at a selected acoustic resonance
mode by providing a portion of the feedback output cor-
responding to the selected acoustic resonance mode as
the modulation input.
While the principles of the invention have been described
herein, it is to be understood by those skilled in the art
that this description is made only by way of example and
not as a limitation as to the scope of the invention. Other
embodiments are contemplated within the scope of the
present invention in addition to the exemplary embodi-
ments shown and described herein. Modifications and
substitutions by one of ordinary skill in the art are con-
sidered to be within the scope of the present invention,
which is not to be limited except by the following claims.

Claims

1. A system (100) for driving a gas discharge lamp
(102), said system (100) comprising:

a ballast (104) configured to receive a modula-
tion input and provide an output to said lamp
(102), said output being modulated in accord-
ance with said modulation input;
a photodetector (106) configured to provide an
electrical feedback output in response to light
emitted by said lamp (102) being imparted ther-
eon; and
a feedback circuit (110) configured to receive
said feedback output, said feedback circuit (110)
comprising at least one filter (304, 306) for pass-
ing only a portion of said feedback output cor-
responding to a selected acoustic resonance
mode of said lamp (102), said feedback circuit
(110) being configured to couple said portion of
said feedback output to said ballast (104) as said
modulation input to thereby cause said system
to self-oscillate at said selected acoustic reso-
nance mode.

2. The system (100) according to claim 1, wherein said
feedback circuit (110) comprises a limiting circuit

(308) for maintaining an amplitude of said modula-
tion input at a fixed level.

3. The system (100) according to any one of claims 1
or 2, wherein said selected acoustic resonance
mode is a second longitudinal mode of said lamp
(102).

4. The system (100) according to any one of claims 1
to 3, wherein said at least one filter (304, 306) com-
prises a high pass filter (304) and a low pass filter
(306).

5. The system (100) according to any one of claims 1
to 4, wherein said photodetector (106) is mounted
adjacent said lamp (102) at a position corresponding
to an anti-node of said selected acoustic resonance
mode.

6. The system (100) according to any one of claims 1
to 5, said system (100) comprising a second photo-
detector configured to provide an second electrical
feedback output in response to light emitted by said
lamp (102) being imparted thereon, and wherein said
feedback circuit (110) further comprises a differential
amplifier (600) for receiving said feedback output
and said second electrical feedback output.

7. The system (100) according to any one of claims 1
to 6, wherein said photodetector (106) is mounted
adjacent said lamp (102) at a position corresponding
to a positive phase anti-node of said selected acous-
tic resonance mode, and wherein said system (100)
further comprises a second photodetector config-
ured to provide an second electrical feedback output
in response to light emitted by said lamp (102) being
imparted thereon, said second photodetector being
mounted adjacent said lamp (102) at a position cor-
responding to a negative phase anti-node of said
selected acoustic resonance mode.

8. The system (100) according to any one of claims 1
to 7, said system (100) further comprising at least
one optical element for projecting an image of said
lamp (102), and wherein said photodetector (106) is
positioned for receiving at least a portion of said im-
age, wherein said system (100) preferably further
comprises a mask comprising an opaque element
having an opening therein, said photodetector (106)
being positioned for receiving said light emitted by
said lamp (102) through said opening.

9. A method (800) of driving a gas discharge lamp
(102), said method (800) comprising:

modulating (802) a power signal to the lamp
(102) in accordance with a modulation input sig-
nal;
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detecting (804) light emitted by said lamp (102)
and providing an electrical feedback output in
response thereto; and
causing (806) self-oscillation at a selected
acoustic resonance mode by providing a portion
of said feedback output corresponding to said
selected acoustic resonance mode as said mod-
ulation input.

10. The method (800) according to claim 9, said causing
(806) self-oscillation comprises setting an amplitude
of said modulation input at a fixed level using a lim-
iting circuit (308).

11. The method (800) according to any one of claims 9
or 10, wherein said selected acoustic resonance
mode is a second longitudinal mode of said lamp
(102).

12. The method (800) according to any one of claims 9
to 11, wherein said causing (806) self-oscillation
comprises filtering said feedback output using a high
pass filter (304) and a low pass filter (306).

13. The method (800) according to any one of claims 9
to 12, wherein said detecting (804) comprises at
least one of the following processes:

- detecting said light using a photodetector (106)
mounted adjacent said lamp (102) at a position
corresponding to an anti-node of said selected
acoustic resonance mode; and/or
- detecting said light using a first photodetector
(106) configured to provide said electrical feed-
back output and detecting said light using a sec-
ond photodetector configured to provide a sec-
ond electrical feedback output, and wherein said
method further comprises providing said feed-
back output and said second electrical feedback
output to respective inputs of a differential am-
plifier (600); and/or
- detecting said light using a first photodetector
(106) configured to provide said electrical feed-
back output, said first photodetector (106) being
mounted adjacent said lamp (102) at a position
corresponding to a positive phase anti-node of
said selected acoustic resonance mode, and de-
tecting said light using a second photodetector
configured to provide a second electrical feed-
back output, said second photodetector being
mounted adjacent said lamp (102) at a position
corresponding to a negative phase anti-node of
said selected acoustic resonance mode; and/or
- detecting said light using a photodetector
(106), and wherein said method further compris-
es projecting an image of said lamp (102) on
said photodetector (106) using an optical ele-
ment; and/or

- detecting said light using a photodetector
(106), and wherein said method further compris-
es providing a mask comprising an opaque el-
ement having an opening therein, said photode-
tector (106) being positioned for receiving light
through said opening.
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