
CONTROL CIRCUIT FOR GAS DISCHARGE LAMPS 5 This invention relates to
a-control circuit for gas discharge lamps, and more particularly relates 10
to a control circuit which permits improved dimming of large numbers of
various kinds of gas discharge lamps. The present invention is an
improvement over the circuits disclosed in U.S. Patent 4,350,935, dated
( September 21, 1982, entitled "Gas Discharge Lamp Control" 15 in the name
of Joel S. Spira et al and assigned to the assignee of the present
invention. As disclosed in Patent 4,350,935, it is possible to regulate the
output light of one or more fluorescent lamps by applying a voltage wave
form to the lamp ballast which has a notch 20  in each of the half waves,
whica notch is of variable width and of variable location within the half
wave form.    15 -2- The circuit arrangement shown in Patent 4,350,935
provides good operation over a wide range but has several shortcomings. For
example, the circuit employs a series switching means and shunt switching
means for an inductive ballast. The series switching means is a high speed
transistor which is operable to turn off at some desired point in the input
voltage wave form to produce the desired notch in the input voltage.  The
shunt switching means turns on during 10  this notch interval to provide a
bypass path for the 



.discharge of energy from the ballast. The shunt switch- ing devices
consist of anti-parallel connected controlled rectifiers.  If, for any
reason, a spurious control signal is applied to the controlled rectifiers
out of 15  their proper sequence, it becomes possible to produce a short
circuit from the a.c. voltage power line through the series switching
transistor and the parallel switch- ing device. This could seriously damage
or destroy the series switch. 20             Another shortcoming of the
circuit of Patent 4,350,935 is that the lamp life of energy saving lamps
reduces when the lamps are operated in their lower dimming end region.  One
reason for this is that as the notch-width increases, the RMS content of
the voltage 25  applied to the inductive ballast decreases.  As a
consequence, the effective output voltage of the filament transformers
decreases so that the lamps will extinguish at relatively low dimming. A
further difficulty experienced with the 30  arrangement of Patent 4,350,935
is "tracking" several banks of lamps so that they dim by the same amount.
Proper tracking requires placement of the notch close to the start of each
of the half waves in the nearly fully illuminated condition so that the
notch can move 35  to the right during dimming without causing some or all
-3- of the lamps to drop out while remaining lamps become very bright.
According to the invention there is provided a process 



5       for maintaining a pre-set light dimming level in a plurality of
inter-connected gas discharge lamps, regardless of the impedance
characteristics of said lamps, the process comprising the steps of; 10
establishing a  100%  illumination output signal by applying a full line
voltage to said lamps and. measuring an output parameter of said lamps
during the application of said full line voltage and storing said l00%
illumination output signal; 15 generating a control signal corresponding to
a reduced light output level; scaling said 100% illumination output signal
with said 20      control signal to produce a target light output level
signal;    continuously measuring the output parameter of said lamps to
establish a prevailing output signal comparing said target light output
level signal and 5       said prevailing output signal to generate an error
signal: to and modifying the output wave shape to said lamps to change
their illumination level in such a manner as to 10      reduce said error
signal. Thus, an automatic low end set circuit is provided which
automatically adjusts for the different dimming 15      curve of standard
lamps and ballast as compared to energy saving lamps and ballasts.  The
novel automatic low end set circuit will automatically 



calibrate the size of the notch so that a specified setting percentage from
full illumination is 20      maintained regardless of the type of lamp or
baliasc connected.  The automatic low end set circuit employs, as an input,
either the RMS voltage input to the ballast or the total load current.
This is used to generate a signal to one input of an error amplifier    and
is compared to a suitable reference value. Tne output error is then
employed to adjust notch width and location. 5       A notch signal
generator is also described and consists of a two phase shift network
arrangement fed into a comparator circuit.  The two phase shifted signals
are compared to a given'signal level and produce a.signal output when the p
hase shifted signals 10      are above and below, respectively. the preset
notch signal.  The notch signal generating circuit provides very stable
operation even on lines which are unstable due to large in-rush currents
due to air conditioning compressors and other types of motors being
started. 15      as an example. Reference is made to copending patent
application No 8404621 from which the present application has been divided
out. 20 Figure 1 is a circuit diagram of a lamp control circuit.   



Figure 2 is a circuit diagram of a second lamp control circuit. Figure 3
shows the ballast input voltage as 5       a function of time for a prior
art control circuit. Figure 4 shows the ballast input voltage as a function
of time for the circuit shown in Figure 2 at a high illumination condition.
10 Figure 5 is similar to Figure 4 and shows , the notch moved to an
increased dimming position. Figure 6 shows the load current for the 15
circuit of Figure 2 in the dimming condition of Figure 5. Figures 7a
through 7e are timing diagrams to show the timing of firing signals to tne
controlled 20      rectifiers of Figure 2.    20 Figure 8 is a circuit
suitable for use with  an automatic low end set circuit embodying the
present invention. 5 Figure 9 isan automatic low end set circuit embodying
the present invention. Figure 10 is a circuit diagram of a circuit for
generating the notch signal shown in Figure 7b. 10             Figure 11
shows the phase-shifted voltages as a  function of time which are employed
in the circuit of Figure 10 and the notch signal which is produced. 



Referring first to Figure 1, there is shown a 15  control circuit which
contains most of the components of the prior art control circuit of Patent
4,350,935 along with an exemplary inductive ballast and lamps operated by
the ballast.  A plurality of parallel connected ballasts and lamps can be
provided.  A con- 20  ventional a.c. power line of any desired voltage and
frequency, typically 277 volts and 60 Hz, is connected to the circuit input
terminals 10 and 11. A series switching means 12 is provided which consists
of a single phase, full wave rectifier bridge 25  containing diodes 13, 14,
15 and 16 and a high speed switching transistor 17 connected across the
d.c. terminals of the bridge 12.  An appropriate control circuit (not
shown) is connected to the base 20 of transistor 17 as is described in
Patent 4,350,935. 30             A "crowbar" circuit 21, which is a high
speed protective switching means, is connected across the transistor 17 to
protect the transistor during lamp switch-on when high surge currents might
flow through the transistor 17.    There is also provided a shunt switching
means consisting of anti-parallel connected controlled rectifiers 30 and 31
which are connected in parallel with the inductive ballast 32.  Ballast 32
may be a 5   conventional ballast and is one of any desired number of
parallel connected ballasts which are operated from the same control
circuit.. The ballast illustrated consists of a primary winding 40 having a
secondary 



winding 41 and filament power windings 42 and 43 coupled 10  thereto.  A
capacitor 44 is connected in series with winding 41 as shown.  Ballast 32
is connected to two series-connected gas discharge lamps 45 and 46.  Lamps
45 and 46 can, if desired, be energy saver type fluores- cent lamps of
commercially available types.  Other 15  lamps could be used. Ballast
filament winding 42 is connected to the upper filament of tube 45 while
filament winding 43 is connected to the lower filament of tube 45 and the
upper filament of tube 46.  The lower filament of tube 20  46 is heated by
the voltage from a winding tap 47 of the winding 40. The structure
described to this point, and excluding resistor 50 to be later described,
is essen- tially identical to that of Patent 4,350,935.  The 25  transistor
17 is controlled such that, as shown in Figure 3, the transistor turns off
at time t  and turns on at time t2 in each half wave to produce a notch in
the voltage wave shape.  In order to permit discharge of the ballast energy
during the notch interval between 30  times [err] and [err], the
appropriate controlled rectifier 30 or 31 is switched on to permit the flow
of discharge current from the ballast.  For example, during the half wave
in which terminal 10 is positive relative to terminal 11, controlled
rectifier 30 will turn on when 35  the transistor 17 turns off.  If,
however, during any period outside of the notch interval the controlled
22 



rectifier 30 is turned on, then a direct short circuit would appear from
terminal 10 through transistor 17, controlled rectifier 30 and back to
terminal 11.  This direct short circuit could cause serious damage or 5
destruction of the high speed transistor 17. Therefore, an intentional
current limiting impedance is provided in series with the shunt switching
means 30- 31.  In Figure 1 this current limiting means is shown 10  in its
simplest form as resistor 50.  If now there is a spurious control signal
which causes "shoot through" of current through the transistor 17 and one
of controlled rectifiers 30 or 31, the current would be limited by the
impedance 50, thus tending to protect the transistor 15  17 by limiting the
maximum current through the transistor- during the half wave. A second lamp
control circuit is shown in Figure 2.  In Figure 2, the current limiting
impedance is a capacitor 73. 20  The. capacitor 73 is also employed to
increase the RMS content of the voltage wave form applied to the ballast as
will be described. Referring to Figure 2, components similar to those of
Figure 1 have been given the same identifying 25  numerals.  Thus, there is
provided a series switch 12. In Figure 2, the series switching means 12
consists of anti-parallel connected controlled rectifiers 60 and 61.  Other
controllably conductive devices could be used.  The gates of controlled
rectifiers 60 and 61 are 30  operated by pulses derived from a suitable
control circuit 62. A shunt switching means is provided in Figure 2 which
includes rectifiers 30 and 31 or any other type of controllably conductive
device which is desired. 



35  Controlled rectifiers 30 and 31 are connected in series with respective
inductors 63 and 64 and with series    diodes 65 and 66, respectively.
Inductors 63 and 64 may be 90 microhenry air core inductors.  Note that
diodes 65 and 66 are poled identically to the poling of controlled
rectifiers 30 and 31, respectively.  A 5   control circuit 71 is provided
to control the firing of controlled rectifiers 30 and 31.  Snubber circuits
consisting of resistors 67 and 68 and respective series- connected
capacitors 69 and 70 are connected in parallel with controlled rectifiers
30 and 31, respectively. 10  Inductors 63 and 64 also provide inductance
for the snubber circuits of controlled rectifiers 30 and 31 and also
provide inductance in the commutation circuits which is necessary to turn
off controlled rectifiers 60 and 61 with the initiation of their respective
notches. 15             Capacitor 73 is an energy divertor and current
limiting component connected in series with the shunt switch circuit and
the series connected shunt switch circuit and capacitor 73 are connected in
parallel with the various ballasts. Capacitor 73 can be replaced 20 by any
combination of resistive, inductive, capacitive or active components either
singly or in various combina- tions.  The resistive, inductive and
capacitive components or combinations thereof may be linear or non-linear.
The active components may be two-terminal or three- 25  terminal devices,
semiconductor devices or arc discharge devices or the like.  Typically, a.
break-over semiconductor diode can be used as the active device.  Note that
the 



current limiting divertor structure can be connected across the series
switching means 12 and the shunt. 30  switch means may be eliminated. The
output of the control circuit of Figure 2 is connected suitably to ballasts
which may be identical to ballast 32 of Figure 1. Two commutating
capacitors 80 and 81 are connected 35  between terminal 10 and the node
between diode 65 and controlled rectifier 30 and the node between diode 66
24 and controlled rectifier 31, respectively.  A conven- tional input
filter capacitor 82 is connected across the input terminals 10 and 11. It
will be noted that the arrangement of the 5  circuit of Figure 2 is current
limiting since the impedance of capacitor 73 is in series with any path
which can result due to a spurious control signal applied to controlled
rectifiers 30, 31, 60 and 61. Similarly, inductors 63 and 64 are current
limiting in 10  the circuit including capacitors 80, 81 and 73 in the
.event of an incorrect controlled rectifier firing. Thus, the circuit is
inherently very rugged. The manner in which the circuit of Figure 2
operates is described in the following with reference 15  to Figures 4, 5,
6 and 7a to 7e.  The control signals which are to be applied from the
control circuits 62 and 71 to controlled rectifiers 30 and 31, 60 and 61
are shown in Figures 7c, 7d and 7e relative to line voltage shown in Figure
7a and the width of the desired 



20  notch shown in Figure 7b. The notch signals shown in Figure 7b are to
be initiated at time [err] and extinguished at time [err] so that the notch
width will be the distance [err] minus t.  'A notch-producing circuit is
described hereinafter 25  with reference to Figure 10.  During positive
half waves, a firing pulse is applied to controlled rectifier 30 at. the
instant of the beginning of the notch period. After a short time delay,
[err], shown in Figure 7c, the conducting controlled rectifier 61 will be.
commutated 30  off.   Controlled rectifier 61 is then turned on again at
the time [err].  During negative half waves and as shown in Figure 7e, the
controlled rectifier 31 turns on at the beginning of the notch at time t
and the controlled rectifier 60 will commutate off after a 35  short time
delay, and will be turned back on again at the end of the notch.    Figure
4 shows the ballast input voltage for a notch condition in which the notch
is initiated relatively early in the half wave and in which the notch width
is relatively short -to obtain a relatively 5   small degree of dimming of
the output light, for example, to 95% of full illumination. Note that, at
full illumina- tion, the notch may be eliminated. It will be noted that the
voltage swings through zero in each half wave during this notch interval.
10  This is because capacitor 73 goes to the opposite polarity as the load
inductance stored energy is transferred through one of diodes 65 or 66 and
controlled rectifier 



30 or 31, respectively. At the same time, the commutating capacitor 80 or
81 is properly charged to be ready for 15  a commutation operation during
the next interval.  As a result of the voltage swing through zero, the RMS
voltage, which is applied to the ballast, will be significantly higher than
in the prior art circuit in which the voltage during the notch interval is
clamped 20  to zero, as shown in Figure 3. In order to obtain regulation or
dimming, and as will be described in more detail later, the notch position
is progressively widened and is progressively moved -to the right, as shown
in Figure 5.. In the 25  condition of Figure 5, lamp dimming may be at
about 50% of full illumination.  The load current wave shape of the load
current flowing through the ballasts is shown in Figure 6 for the
regulation condition of Figure 5. The operation of the circuit of Figure 2
is 30  now described in more detail. Immediately prior to the time terminal
10 becomes positive, the capacitor 80 will be positively charged as shown.
Capacitor 80 was charged in the prior half cycle through diode 65.  The
control circuit 35  62 causes the controlled rectifier 61 to conduct when
the line voltage becomes positive and energy.begins transferring from the
load to the ballast until time t  in Figure 7b when a notch is to be placed
in the input voltage wave shape.  At this instant, controlled 5  rectifier
30 is fired by the control circuit 71. Capacitor 80 then discharges through
the closed circuit 



including controlled rectifier 30 and the forwardly conducting controlled
rectifier 61. The discharge current commutates down the forward current of
controlled 10  rectifier 61 and promptly turns off the controlled rectifier
61. The output voltage wave shape at the beginning of the notch will then
swing through zero in a negative direction due to transfer of load
inductance stored 15  energy to capacitor 73.  At the same time, the
capacitor 81 is being charged to a condition in which it can' commutate -
off controlled rectifier 60 during the negative half cycle and when
controlled rectifier 31 is. fired. 20             For proper operation of
the circuit of Figure 2, the novel capacitive divertor 73 will pre- ferably
have a low impedance compared to that of capa- citors 80 and 81.  Good
results have been obtain when employing a 25 microfarad, 440 volt
oil-filled capacitor 25  for divertor capacitor 73 and 1 microfarad, 800
volt oil-filled capacitors for capacitors 80 and 81. An unexpected
advantage of the circuit of Figure 2 and due to the increased RMS voltage
content supplied to the ballast is that it can operate the lamp 30
filaments of lamps 45 and 40 (Figure 1) of energy saving lamps as well as
standard lamps at a much lower minimum setting.  For example, in energy
saving lamps, it has been difficult to reduce output light signifi- cantly
because the reduction in filament voltage causes 35  decreased lamp life
for energy saving lamps.  In the    



4                               27 present   circuit, however, energy
saving lamps can be dimmed to a low end of 40% without lamp life loss,
whereas such lamps could not be below 70% with prior art circuits. 5
It is believed that this improvement is obtained because the wave form of
the voltage applied to the ballasts has a higher RMS content than prior
circuits because the notch voltage swings through zero. The circuit of
Figure 2 also permits maintaining 10  the notch position closer to the
[err]  position within each halt wave without incurring tracking problems.
When the notch position is closer to [err], the notch width can be less so
that the RMS voltage content is again greater. 15             The
improvement is also due in part to better.- notch position and notch width
control since it is possible to move the notch shown in Figures 4 and 5
further to the right within the half wave without upsetting lamp tracking,
as will  be later described. Thus,. the notch position can be at
approximately [err] into the half wave for the unregulated condition and
can then move to the right as the lamp power is regulated down.  By
contrast, 25  in the prior art, as shown in Figure 3, the notch must be
positioned at about [err] for starting conditions in order to provide
adequate tracking.  If the notch started at [err] in prior art circuits,
some lamps would drop out during regulation while others would be very 30
bright.  Since this tracking problem is not as great with the present
circuit    the notch beginning point can be at about the [err] level so
that RMS content is 



increased over the entire range. A preferred adjustment and tracking
sequence 35  for adjustment of notch width and notch position is as
follows:    28                   15 The notch begins at approximately 450
within the half wave for 95% of full light intensity. In order to decrease
the light intensity from 75% of full intensity, the beginning of the notch
position is moved 5  to the right and the notch is widened as it moves to
the right until full regulation of light intensity, down to about 30% of
its full value (for an energy saving lamp) is obtained. At this point, the
notch begins at about 80 within the half cycle. 10             By using
this sequence, it has been found that filament voltages can be optimized at
the minimum setting and the smallest divertor capacitor possible is used.
In general, a smaller capacitor will produce a larger RMS ballast input
voltage for a given notch. 15   position and width.  Therefore, the
smallest possible divertor capacitor value is desirable to maximize
filament voltages.. The circuit of Figure 2 operates to produce good
automatic load regulation.  Automatic load regulation 20   refers to the
condition wherein light level can be maintained constant regardless of the
number of lamps which are connected to the control circuit and to. keeping
the filament voltages high enough regardless of the number of lamps
connected. 



25             The circuit of Figure 2 operates extremely well with respect
to automatic load regulation because the RMS content of the wave forms of
the ballast input voltage does not change significantly with the connection
of more or less lamps to the same circuit.  It is 30   believed that this
occurs because of two compensating factors between the amount of energy
which must be taken from the ballast inductance during the notch interval,
and the time during which the energy can be    depleted.  In a case where a
maximum number of lamps, for example, 90 lamps, are connected to the
system, the greater energy must be diverted but, since the equivalent load
resistance and equivalent ballast inductance is 5  less, energy will be
depleted at the fastest possible rate from the ballast. In the case of a
minimum number of lamps connected, 10 for example, less energy is available
but also the depletion rate is correspondingly reduced.  Consequntly, the
RMS voltage in the input 10  voltage wave shape to the ballast stays
essentially. the same, regardless of the number of lamps driven by the
circuit of Figure 2. One beneficial result of the good regulation
characteristics.of the circuit of Figure 2 is that the 15  value of the
divertor capacitor is not critical. Therefore, capacitor 73 of Figure 2 can
be a relatively inexpensive capacitor. Good results have been obtained with
the circuit of Figure 2 when the timing circuits or control 20  circuits 62
and 71 are such that the notch is held in 



the center of the lamp are voltage throughout the dimming curve.  This
produces the highest filament voltages and the lowest lamp peak are
voltage. Referring next to Figure 8, there is shown 25   a circuit which
can be employed with- the circuit of Figure 2 in. connection with the
operation of the control circuits 62 and 71 and in particular for adjusting
the position and duration of the notch signal of Figure 7b.  Lamps and
ballasts are 30  commercially available which. are designed to produce
light more efficiently, previously referred to as. energy saving lamps and
ballasts. The dimming curve of energy saving products has been found to
differ from those of standard lamps 35  and ballasts, particularly
fluorescent lamps.    The circuit of Figure 8 automatically cali- brates
the unit so that the specified low end or any other specified setting or
dimming will be maintained regardless of the type of lamp and ballast which
is 5  employed.  While the circuit is shown particularly in connection with
a fluorescent lamp, it should be noted that the operation of the circuit of
Figure 8 will. apply to any light source. In Figure 8, an RMS voltage
detector circuit 10  is formed of a potential transformer 100 which has its
primary winding connected to the ballast input voltage and a secondary
winding 101 connected to the single phase, full wave bridge connected
rectifier 102.  An output resistor 103 is connected across the d.c. output 



15  terminals of bridge 102 and a diode 104 and resistor 105 are connected
in the positive output terminal of bridge 102.  A capacitor 106, resistor
107 and capacitor 108 are also provided.  The components of Figure 8
described to this point serve the purpose of an RMS 20  load voltage
detector.  Thus, the voltage at the node of resistor 107 and capacitor 108
will be proportional to the RMS voltage at the ballast input voltage
terminals 109 and 110 in Figure 8. The output at the node of resistor 107
and 25  capacitor 108 is then be connected through a scale factor
correction circuit 111 or may be connected directly to an error amplifier
112. Another input to error amplifier 112 is taken from resistor 113 which
is connected to a suitable 30  control voltage source, as indicated, to
define a voltage standard which can be easily. adjusted.. The error signal
output of amplifier 112 is then connected to an appropriate notch width
control circuit which is operable to produce the notch signal 35  of Figure
7b, modified in accordance with the output of the error amplifier 112.  The
notch width control    31 circuit will be later described in connection
with Figures 10 and 11. The circuit of Figure 8 is an inexpensive circuit
and is accurate, even though actual load current 5   is not measured but
only ballast input voltage is measured.  Morover, the circuit of Figure.8
inherently 



provides line voltage compensation so that no separate circuit is required
for this function. The scale factor correction circuit 111  can 10  be
employed if it is desired to correct the circuit operation for the number
of lamps which are being excited, which is a function of the total load
current. The circuit will also make the slight correction needed by energy
saving lamps as compared to standard lamps at 15  light loads.  The scale
factor correction circuit 111 can be a simple variable gain amplifier in
which gain varies in accordance with the magnitude of the load current.
Figure 9 shows   an    embodiment of an 20  automatic low end set circuit
in block diagram form. In the embodiment of Figure 9, the input signal
controlling the system is derived from the total load current which is
applied to the current transformer 120.  The output of the current
transformer 120 is then applied to an. 25  appropriate RMS current detector
circuit 121.  The output of circuit 121 is then applied to an appropriate
storage circuit 122 which stores a signal related to the 100% value of the
total load current at the instant of measurement.  The storage circuit 122
can, for 30  example, be a digital counter.  The output of detector 121 is
also applied to operational amplifier. A circuit 124 is also connected to
the storage circuit 122 and consists of a gain set change enable circuit
which is operable during a no-notch (full lamp 35  intensity) condition in
the voltage to the inductive    



ballasts of Figure 2. The output of the storage or memory circuit 122 is
then connected to a gain setting circuit 125 which adjusts the gain of
operational amplifier 123 in 5  accordance with the 100% value which is
stored in circuit 122.  Consequently, as the total load current changes,
the input RMS current to operational amplifier 123 will also change to
produce an output signal to the error amplifier 126 relative to the
standard values set 10   in the adjustable resistor 127.  The amplified
output error signal is then applied to the notch width control circuit
shown which will be later described and which is the same circuit as was
shown in Figure 8. During a start-up situation or reinitialization- 15
after load switching when there is no notch in the voltage to the ballast,
the circuit of Figure 9 will store in memory the value of the full load
current. This value will determine the gain of amplifier 123 such that the
voltage [err] reaches a value to indicate 20   loop illumination output.
As dimming later occurs, the gain of amplifier 123 is locked in and the
voltage v will be proportional to the percentage of full load current.
This output is applied to the error amplifier 126 and the closed loop
system will hold the percentage 25  of full load current at the desired
setting by appropri- ately adjusting the notch width. Figure 10 shows the
circuit which can be employed to produce a notch signal shown in Figure 7b
for the control of the series and shunt switches in 30   Figure 2.
Referring to Figure 10, there is an input a.c. control voltage applied
through the filter resistor 



140 and capacitor 141 which are connected to the a.c. terminals of a single
phase, full wave bridge connected 35   rectifier 142.  The output voltage
of rectifier 142 is    connected as shown to capacitors 143 and 144 and
resistor 145.  The diode 146 is connected across resistor 145 as shown.
The node between resistor 145 and capacitor 144 is connected to the
positive input of comparator 150 5  which can be a type .L339 comparator.
The negative input of comparator 150 and the positive input of identical
comparator 151 are connected to a resistor 152 in a reference circuit which
includes a reference voltage source and resistor 153, resistor 10   154 and
capacitor 155.  The outputs of error amplifiers such as the error
amplifiers 112 and 126 in Figures 8 and 9, respectively, can be applied
through the resistor 160 in Figure 10 to the positive terminal of
comparator 151 and the negative terminal of comparator 150.  The 15
outputs of comparators 150 and 151 are then connected together and are
connected to a resistor 161 which is connected to a 10 volt source. The
circuit of Figure 10 is a simple two phase shifted network feeding into a
comparator.  Thus, 20  the voltages at points A and B in Figure 10 are
shown in Figure 11 as phase-shifted voltages superimposed on a common time
base.  Voltages A and B fluctuate relative to the dotted line level of the
error amplifier output which may vary or bounce due to an unstable system
and 25  due to factors such as large in-rush currents taken by air
conditioning compressors or other motors on the 



same- line as the lighting power supply.         The * circuit of Figure
10, however, produces a notch signal which starts when the slope of voltage
A intersects the 30  error amplifier output and terminates when the slope
of the voltage B intersects the error amplifier output. Thus, a notch
signal of the desired duration and position is produced simply by
controlling the phase relationships and magnitudes of the voltages A and B
and by controlling 35  the level of the error amplifier output or other
reference    Voltage output.  It it is desired to increase the notch width,
it is necessary only to raise the average level of the reference signal or
error amplifier output. This increase in the size of the signal will be
accompanied 5  by a gradual shift to the right of the notch signal as is
desired. The   system  is compatible with various controller inputs derived
from energy management systems, time clocks, photosensors, occupancy 10
detectors and the like.  These inputs would be connected to the node
between resistor 152 and capacitor 155 in Figure 10, in lieu of or in
addition to potentiometer 153. Although the present invention has been 15
described in connection with preferred embodiments, many variations and
modifications will become apparent to those skilled in the art.  It is
preferred, therefore, that the present invention be limited not by the
specific disclosure herein, but only by the appended claims. 20 



CLAIMS 1.  A process for maintaining a pre-set light dimming level in a
plurality of interconnected gas discharge 5       lamps, regardless of the
impedance characteristics of said lamps, the process comprising the steps
of; establishing a 100% illumination output signal by applying a full line
voltage to said lamps and 10      measuring an output parameter of said
lamps during the application of said full line voltage and storing- said
100% illumination output signal; generating a control signal corresponding
to a 15      reduced light output level; scaling said 100% illumination
output signal with said control signal to produce a target light output
level signal; 20 continuously measuring the output parameter of said lamps
to establish a prevailing output signal;    comparing said target light
output level signal and said prevailing output signal to generate an error
signal; 5       and modifying the output wave shape to said lamps to change
their illumination level in such a manner as to reduce said error signal.
2.  A process as claimed in claim 1 wherein said 10      output parameter
is the RMS voltage applied to said 



lamps. 3.  A process as claimed in claim 1 wherein said output parameter is
the RMS load current. 15 4.  A process as claimed in any preceding claim
wherein said lamps are either standard or energy saving flourescent lamps.
20      5.  A process as claimed in any preceding claim wherein the
modification of the output wave shape consists of varying the width of a
notch in each half wave of an AC wave shape.    6. A process as claimed in
any preceding claim wherein after the establishing said prevailing output
signal step and before the comparing step, the prevailing output signal is
amplified by an amplification gain 5       factor which is controlled at
least in part by said 100% illumination output signal. 7.  A process for
maintaining a constant dimming level from a plurality of inter-connected
gas discharge lamps, 10      regardless of the impedence characteristics of
said lamps substantially as herein described with reference to the
accompanying drawings.    


