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[57] ABSTRACT 

A high intensity lamp dimming circuit in which the 
lamp or lamps are placed in series with a pair of reac 
tive elements, one of which is at least partially by 
passed when the voltage across the element and the 
current through it are of the same polarity. The rela 
tive time of the bypass determines the amplitude of 
the lamp current and hence its brightness. A control 
network, isolated from the power lines to which the 
lamp network is connected, controls the timing of the 
bypass. This control network preferably uses a pro 
grammable unijunction transistor and operates on a 
low-level dc setting. The control circuit design permits 
ready connection to single phase and three phase 
power systems alike. 

29 Claims, 16 Drawing Figures 
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HIGH INTENSITY LAMP DIMMING CIRCUIT 

BACKGROUND OF THE INVENTION 

l. Field of the Invention 
This invention relates to lamp dimming circuits for 

high intensity discharge lamps, such as mercury vapor 
lamps, having two electrode terminals and no heater, 
and more speci?cally, to improved control circuits 
which are isolated from the lamp circuits for conve 
nience of making multiple connections, both single 
phase and three phase, and for safety. 

2. Description of the Prior Art 
Mercury vapor and other metallic-additive high in 

tensity discharge (I-l.l.D.) lamps have found wide 
spread acceptance in lighting large areas, such as ware 
houses, gymnasiums, and the like, primarily because of 
their relatively high efficiency and low maintenance 
when compared to incandescent lighting systems. 
There has been general approval of "such systems for 
large area illumination in spite of the fact that therer 
has been no wide-spread satisfactory method of reduc 
ing the illumination during periods when full illumina 
tion has not been desired. When it is desired to reduce 
illumination in an area normally lit by a high intensity 
discharge lamp system, it has been necessary either to 
completely turn off some of the lamps in the system or 
to switch to an auxiliary incandescent or ?uorescent 
lamp system. 
Switching off some lamps and not others gives unsat 

isfactory full-range control and increases the complexi 
ties of the system by requiring additional wiring, 
switching equipment, etc. Having to provide an auxili 
ary system likewise greatly increases the complexities 
of the overall lighting system. In addition to additional 
wiring and switches, additional fixtures, lamps and even 
power handling equipment is required when an auxili 
ary system is employed. 
Only recently has a system been developed which 

could incorporate a dimming control system directly 
into a high intensity discharge lamp network. This sys 
tem is revealed in copending patent application Ser. 
No. 353,793, ?led Apr. 23, 1973, now US. Pat. No. 
3,816,794, and entitled “High Intensity Gas Discharge 
Lamp Dimmer System”, a continuation of patent appli— 
cation Ser. No. 238,800, filed Mar. 28, 1972, now ’ 
abandoned, assigned to the same assignee as the pres 
ent application. Before this system was marketed, it 
was widely supposed that when power consumption 
was reduced in a high intensity discharge lamp, elec 
trode sputtering would result, which would cause dam 
age to the environment within the lamp. Such damage 
would greatly reduce the life of the lamps and also 
cause undesirable ?ickering. Second, the existing dim 
ming circuits for incandescent and ?uorescent lamps 
caused the extinguishment of a high intensity discharge 
lamp. This is because such circuits actually turn off the 
lamps with which they operate for short periods of time 
during each operating cycle. Although this mode of op 
eration was acceptable for incandescent and ?uores 
cent lamp operation, it was not acceptable for opera 
tion with high intensity discharge lamps. Such a lamp, 
once turned off, requires a relatively long cooling pe 
riod after extinguishment before it can be restarted. 

It was discovered, however, that by employing a dim 
mer circuit that did not cause off time during half cy 
cles in lamp current, but which was controllable for 
changing its rms value without having dwell time at 
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2 
zero, that a practical high intensity discharge lamp sys 
tem could be dimmed. The reduction of current 
through a high intensity discharge lamp could be effec 
tive in providing dimming without damage to the lamp 
by bypassing current around an accompanying ballast 
element and hence achieving reduction of lamp current 
for part of a half cycle, provided such operation did not 
operate to cause bypass current ?ow at such times 
when the accompanying ballast element voltage and 
current are of opposite polarity. 
Because phasing of ballast voltage and current was so 

important, the control circuit and the lamp circuit were 
operated from the same power connections. This was 
the case even though it is common in other types of 
control circuits to have one power circuit for the lamp 
?xtures and another for the control and switching com 
ponents. When the control and lamp ?xtures in the 
prior art system were connected separately to a line 
source, overloads could often occur and fuses would 
blow. Not only was this a nuisance, but every light fix 
ture had to have a protective fuse or circuit breaker of 
its own. Further, the control circuit for a three phase 
circuit was considerably different from a single phase 
circuit. Therefore, one circuit had to be fabricated for 
a single phase application and another quite different 
circuit had to be fabricated for a three phase applica 
tion, rather than having one basic circuit which permit 
ted modi?cation or simple additional components to be 
connected, as required, in the ?eld at the time of instal 
lation into either a single phase or a three phase power 
circuit. 

It is therefore a feature of this invention to provide 
improved apparatus as part of a dimming circuit for a 
high intensity discharge lamp which includes provisions 
for separate power connections to the lamp and for the 
control and switching circuit, thereby effectively isolat 
ing these components from each other. 

It is another feature of this invention to provide an 
improved dimming circuit for a high intensity discharge 
lamp which includes provisions for operating in a single 
phase or a three phase power distribution system with 
little modi?cation. 

[t is still another feature of this invention to provide 
improved apparatus as part of a dimming circuit for a 
high intensity discharge lamp including a programma 
ble unijunction transistor as part of a control network, 
such use increasing the ?exibility of control and reduc 
ing the cost of components when compared with prior 
art control networks. 

SUMMARY OF THE INVENTION 

A preferred embodiment of the present invention 
comprises, in combination with a single high intensity 
discharge lamp, circuitry operating with two ballast ele 
ments connected in series with the lamps and a control 
circuit for operating a bypass to one of the elements. 

Preferably, this bypass includes a gated triac, the 
voltage for its gate being derived from a transformer 
that isolates the power distribution circuit for the lamp 
from a controllable gate source voltage used for deter 
mining the conduction time of the triac. 
The gate source voltage is controlled by a signal de 

rived from a voltage in phase with the ac power distri 
bution line, such as from a transformer-full-wave 
bridge-and-zener-diode-regulator connection to the 
like. A programmable unijunction transistor (PUT) 
connected to the regulated voltage is also connected to 
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be gated on by a voltage derived from a time constant 
network. The output of the PUT is applied to the gate 
of a triac, in the output line from the control circuit. 
The gate source voltage out of the control circuit is 
clipped by two cathode-connected zener diodes so that 
the gated bypass triac in the bypass network is conduc 
tive only when the voltage across the bypass to the re 
actor element is in polarity with the current there 
through. 
A variable resistor and diode connection may be con 

nected to each of three bridge recti?ers in a three 
phase power distribution system and also connected to 
each of three programmable unijunction transistors in 
three separate control networks for operating in three 
separate high intensity discharge lamp networks, one 
network drawing its power from each of the phases. 
The simple connection does not require additional 
fuses for each control network or for each lamp net 
work and does not interfere with the isolation qualities 
of the control network from the power distribution line 
for each of the lamp networks, thereby making the sin 
gle phase system and the three phase system virtually 
identical. 

BRIEF DESCRIPTION OF THE DRAWINGS 

So that the manner in which the above-recited fea 
tures, advantages and objects of the invention, as well 
as others which will become apparent, are attained and 
can be understood in detail, more particular descrip 
tion of the invention brie?y summarized above may be 
had by reference to the embodiments thereof which are 
illustrated in the appended drawings, which drawings 
form a part of this speci?cation. It is noted, however, 
that the appended drawings illustrate only typical em 
bodiments of the invention and are therefore not to be 
considered limiting of its scope, for the invention may 
admit to other equally effective embodiments. 
in The Drawings: 
FIG. 1 is a schematic diagram of a preferred embodi 

ment of dimming apparatus in accordance with the 
present invention. 
FIG. 2 is a waveform diagram showing the amplitude 

and phase relationship existing in the lamp voltage and 
the range of bright and dim currents in the circuit 
shown in FIG. 1. 
FIG. 2a is a waveform diagram illustrating relative 

currents to achieve full and dim conditions. 
FIG. 2b is a waveform diagram illustrating summing 

of currents to achieve an intermediate current value 
between full and dim. 
FIG. 3 is a waveform diagram showing the amplitude 

and phase relationship existing in various important 
voltages and currents in the circuit shown in FIG. 1. 
FIG. 4 is a partial schematic diagram showing the 

connection of multiple control electronics in a single 
control system in accordance with the present inven 
tion. 
FIG. 5 is a block diagram of an alternate embodiment 

for limiting the timing of the control circuit of the pres 
ent invention. 
FIG. 6 is a block diagram of another alternate em 

bodiment for limiting the timing of the control circuit 
of the present invention. 
FIG. 7 is a block diagram of an alternate embodiment 

for limiting the timing of the bypass circuit of the pres 
ent invention. 
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4 
FIG. 8 is a partial schematic diagram of an alternate 

control circuit of the present invention. 
FIG. 9 is a partial block diagram of an alternate ar 

rangement of the triac module in the present invention. 
FIG. 10 is a partial block diagram of another alter 

nate arrangement of the triac module in the present in 
vention. 
FIG. 11 is a partial block diagram of an alternate ar 

rangement of the triac module in the present invention, 
the arrangement also employing a high reactance auto 
transformer. 

FIG. 12 is a partial block diagram of another allter 
nate arrangement of the triac module in the present in 
vention, the arrangement also employing a high reac 
tance autotransformer. 

FIG. 13 is a partial block diagram of an alternate ar 
rangement of the triac module in the present invention, 
the arrangement also employing an autotransformer. 
FIG. 14 is a partial block diagram of another alter 

nate arrangement of the triac module in the present in 
vention, the arrangement also employing an autotrans 
former. 

DESCRIPTION OF PREFERRED EMBODIMENT 

Now referring to the drawings and ?rst to FIG. 1, 
high intensity discharge lamp 10 is connected in series 
with two inductive ballast elements 12 and 14, the en 
tire combination being connected between lines 16 and 
18. Gated bypass means in the form of traic 20 is con 
nected across element_14, first main terminal 22 of the 
triac being connected to line 16 and second main ter 
minal 24 being connected to a junction between the 
two elements. Gate terminal 26 is connected to shunt 
resistor 28, which is also connected to line 16. Resistor 
30 and capacitor 32, connected in series with each 
other and in parallel with element 14, are provided as 
a snubber device to provide triac 20 immunity from 
commutating dv/dt false turn on. Two pairs of diodes 
34 and 36 and 38 and 40 connected to gate 26 provide 
the gate source voltage to triac 20 from transformer 42. 
These diodes are connected so that two diodes 34 and 
36 face forward and two diodes 38 and 40 face back 
wards, with the junction point between each pair being 
connected together. Diodes 34, 36, 3B and 40 provide 
a slight forward voltage drop to block out the residual 
magnetizing force from transformer 42 and to thereby 
prevent false ?ring of triac 20. Everything between and 
including transformer 42 and its accompanying load 
resistor 52, and inductor 14 may be considered to be 
in triac module 15. 
When triac 20 is conducting to form a complete by 

pass around element 14, a maximum amount of current 
(designated "full lamp current" in FIGS. 2 and 3) flows 
through lamp 10. On the other hand, when triac 20 is 
not conducting, then the minimum amount of current 
?ows through lamp 10, as indicated by the “dim lamp 
current” curve in FIGS. 2 and 3. By allowing triac 20 
to conduct for part of the cycle as shown by the dash 
lines in FIG. 2, then the current through lamp 10, and 
hence the illumination therefrom, may be varied be 
tween the dim lamp current and full lamp current val 
ues. A short period of conduction by triac 20 creates 
a curve 101, a little longer conduction period creates 
a curve 103 and a still longer period creates a curve 
105. It .is apparent therefore, that merely controlling 
the period of conduction of triac 20 will achieve con 
trollable illumination of lamp 10. 
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Control of the conduction of triac 20 is accomplished 
by the controllable gate voltage means connected to 
transformer 42. To understand the operation of the 
control circuit, some additional phase relationships 
have to be appreciated, which can best be shown by 
reference to H6. 3. The voltage across element 14 (re 
actor voltage) is leading the lamp current by approxi 
mately 85° and also is leading the line voltage by ap 
proximately 30°. 
Triac 20 should not be rendered conductive until the 

current through and the voltage across element 14 are 
both of the same polarity, either both positive or both 
negative. if traic 20 was rendered conductive when the 
voltage across element 14 and the current therethrough 
were not of the same polarity, a phenomenon known as 
"half cycle conduction” would occur. The lamp would 
appear to flash from dim to full bright each half cycle 
and would produce an irritating strobing effect to the 
eye that would also be harmful to the lamp. 
Considering the positive polarity cycles, the current 

through element 14 does not go positive until point 
107. At this time, the reactor voltage is already posi 
tive. At point 109, the reactor voltage goes negative, 
although the current through inductive elements 14 is 
still positive. The range 111 of time over which gate 
voltage may be applied is hence determined as being 
the time between points 107 and 109. 
Power is applied to transformer 42 via the secondary 

44 of power transformer 46 whose primary is con 
nected across lines 16 and 18. One terminal of secon 
dary 44 is connected to fuse or circuit breaker 48. Load 
resistors 50 and 52 connected to the two sides of the 
primary of transformer 42 are connected to ground. 
The power connection from the secondary 44 of trans 
former 46 to the primary of transformer 42 is through 
a bidirectional voltage regulating means in the form of 
cathode-to-cathode zener diodes 54 and 56 and triac 
58. It is well known that alternatively zener diodes 54 
and 56 may be connected anode-to-anode and operate 
in the same manner. 

It is well known that the gate pulse to a triac control 
ling an inductive load is desirably a continuously ap 
plied gate voltage, rather than an instantaneous pulse. 
Again referring to FlG. 1, it may be seen that cathode 
to-cathode zener diodes 54 and 56 are connected in se 
ries with the main terminals of triac 58, the entire com 
bination being connected as previously mentioned in 
series with secondary 44 of transformer 46. lt is readily 
apparent that the gate voltage has for its source from 
secondary 44 a voltage which is in phase with the volt 
age across lines 16 and 18. This voltage is labeled "gate 
source voltage” on FIG. 3. It is, of course, in phase with 
the line voltage across lines 16 and 18. 
Connected to the gate terminal of triac 58 is the cath 

ode of programmable unijunction transistor 60. The 
gate connection to PUT 60 is connected to a recti?ed 
dc voltage via variable resistor 62. The timing of the 
conduction of PUT 60 is determined by the voltage dif 
ferential between the voltage applied via resistor 62 
and the voltage applied to the anode of PUT 60. Both 
the voltage applied to the anode and to the gate of PUT 
60 are important to its conduction. The anode voltage 
must be slightly larger than the gate voltage to cause 
conduction. That is, conduction is dependent on the 
arithmetic difference between the voltage applied to 
the anode and gate. Therefore, the setting of resistor 62 
"programs" what anode voltage is required to produce 
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6 
conduction. The dc voltage applied to resistor 62 is de 
veloped by bridge recti?er 64 connected to secondary 
66 of transformer 46. A zener diode 68 and current 
limiting resistor 70 insures that the voltage applied to 
resistor 62 never exceeds a predetermined value. 
The output from bridge recti?er 64 is also connected 

through diode 72, fuse 73 and variable resistor 74 to a 
time constant control network connected to the anode 
of PUT 60. This time constant network includes capac 
itors 76 and 78 and resistor 80. A diode 82 is included 
in series with the voltage from resistor 74. 
A diode 84in the anode circuit of PUT 60 and capac 

itor 86 in the gate circuit of PUT 60 insure positive 
reset of PUT 60 following conduction. It should be 
noted that the operating adjustment for PUT 60 is de 
termined by variable resistor 62. The ultimate control 
for determining the amount of brightness of lamp 10 is 
determined by the setting of resistor 74. As PUT 60 
ages, the setting of resistor 62 can be changed, as well 
as permitting an easy setting for initial conditions. 

In operation, programmable unijunction PUT 60 is 
turned on by the voltage difference between the volt 
age on the anode of PUT 60 (voltage on capacitor 78) 
and the voltage on the movable contact of resistor 62. 
On each cycle of ac voltage applied to the bridge, there 
is a rise to a dc level at the output of this bridge for ap 
plication to the gate of PUT 60 through resistor 62. [n 
a more sluggish fashion, a voltage determined by the 
setting of resistor 74 will be applied to the anode of 
PUT 60. When the differential in these two voltages is 
reduced at the gate and anode of PUT 60 to the point 
of causing conduction, a gate voltage is supplied to 
triac 58. Triac 58 conducts when the secondary voltage 
of 44 applied thereto exceeds the zener diode voltage 
of diodes 54 and 56. When diodes 54 and 56 conduct, 
there is a complete circuit in secondary winding 44 of 
transformer 46. This permits voltage to be supplied to 
transformer 42 for operation in accordance with the 
diagram shown in FIGS. 2 and 3. 
Yet another method of achieving the desired timing 

of PUT 60 to achieve firing within gate range 11], even 
without zener diodes 54 and 56, may be accomplished 
by selecting the components of resistor 74, resistor 75, 
which is connected between resistor 74 and ground, re 
sistor 80, capacitor 78, the voltage determined by zener 
diode 68, and the setting of the voltage on the gate of 
PUT 60 by the setting of the movable arm on resistor 
62. The setting is determined by placing variable resis 
tance 74 at its lowest or dim setting. 
Referring now to FIG. 2a, there is shown a waveform 

illustrating summing of currents taken at points l, 
(through reactor 14) and I2 (through triac 20) in FIG. 
1. If triac 20 is not gated on, no 1. current flows and the 
only current flow through the lamp (IT) is [1. This is re 
flected as the “dim state”. On the other hand, if triac 
20 is gated on during the entire time, then the entire 
current is bypassed around reactor 14 and through 
triac 20. Hence, 1. becomes essentially zero and IT 
equals 1,, as shown by the full on state curve. 

If triac 20 is gated on to an angle 0 following the oc 
currence when current through the lamp becomes posi 
tive, a triac current I, will be generated which is added 
to reactor current 11, as shown in FIGS. 2 and 2b. At the 
same time, current I, that had been rising assumes es 
sentially a steady state In, until the time that triac 20 
is no longer conducting. Hence, current 11 relative to 
time is equal to l, before the triac is ?red, then equal 
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to [2 plus I“, while the triac is conductive, and then is 
equal to I, again after triac 20 commutates. 
As shown in FIG. 3, it is necessary that the gate volt 

age is prevented from continuing past the gate cutoff 
point. Although the gate voltage may be readily con 
trolled by zener clipping as indicated above and as illus 
trated in FIG. 3, it is deemed within the scope of the 
present invention to provide other appropriate circuit 
means for controlling the gate voltage to prevent volt 
age past the gate cutoff point from energizing the triac. 
Further, in FIG. 3, it is assumed that the ballasting is 

such that the line voltage, and hence the reactor volt 
age, leads the lamp current. Should there be a lagging 
situation so that the phase relationships are the other 
way, gating means may be provided so that the gate 
range would still be only while the reactor voltage and 
lamp current are of the same polarity. Generically, this 
gating scheme is also within the scope of the present in 
vention. 
Once conduction of triac 20 is started, the gate 

source voltage must return to zero before the reactor 
voltage reverses polarity. This is accomplished in the 
circuit shown in FIG. 1 by the zener diodes cutting off 
when the gate source voltage applied thereto falls 
below a predetermined value, as shown in FIG. 3. 
The turn off point of the zener diodes does not vary. 

It is apparent, however, that the shutting off of the 
zener diodes and hence the gate source voltage to triac 
20 does not instantaneously render triac 20 noncon 
ductive. The inductance of elements 12 and 14 causes 
current to continue through triac 20 until the reactor 
current crosses zero and the triac commutates. The 
current through lamp 10, after such commutation, is 
only current through reactor 14 as illustrated in FIGS. 
2, 2a, 2b and 3. 
Two switches are provided, either of which may be 

used to replace the variable control of the circuit to a 
full bright or full dim operation, if desired. Switch 90 
is connected between diode 82 and resistor 74. This 
switch is a three-position switch. When it is on its cen 
ter connection, connection is made to the variable 
contact of resistor 74 and operation is as previously de 
scribed for variable control operation. When placed to 
the HIGH position, contact is made to the top of resis 
tor 74 and the greatest amount of voltage is applied. 
The LOW position of the switch disconnects voltage 
from diode 82. 

In operation, the highest setting of resistor 74, causes 
the anode voltage applied to PUT 60 to reach the level 
of ?ring the PUT in the shortest period of time. That 
is, the critical anode-to-gate voltage difference occurs 
at the earliest time possible within gate range 111, 
namely, at point 107. This assures gate voltage to triac 
20 the maximum amount of time and hence full lamp 
current to lamp 10, as explained above. Absence of 
voltage, or low voltage operation, achieves the opposite 
effect. 

Alternatively, switch 92 may be used to achieve high 
(full brightness) or low (dim) operation. In the LOW 
Position of switch 92, there is a disconnect of trans 
former 46 from transformer 42. This means that no 
gate voltage is provided triac 20 and hence dim current 
is always supplied to lamp 10. In the HIGH position of 
switch 92, a center-tap connection is made from secon 
dary 44 of transformer 46 to transformer 42. This 
supplies all the gate voltage necessary to keep triac 
conducting the maximum amount of time and therefore 
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8 
supplies full lamp current to lamp 10. Only part of 
transformer secondary 44 is used since switch 92 pro 
vides operation without having to supply power also to 
the variable control circuit. 
Reset operation of PUT 60 involves capacitor 86, ca 

pacitor 78, which is somewhat smaller than capacitor 
86, diode 84 and triac 58. As already mentioned, when 
the exponential voltage rise on the anode of PUT 60 
reaches a value that is a predetermined difference to 
the voltage applied to the gate of PUT 60, PUT 60 con 
ducts. Assuming that the anode voltage never reaches 
the critical level with respect to the steady state dc level 
on the gate for conduction, PUT 60 will conduct never 
theless at point 109 shown in FIG. 3 because the volt 
age on the gate of PUT 60 reduces until the critical pre 
determined voltage differemce between gate and anode 
exists. In other words, there is a forced firing of PUT 
60. The firing of PUT 60 is caused by capacitor 86 dis 
charging through the path comprising resistor 70, the 
resistor in the center of bridge 64, capacitor 78 and 
through the anode-to-gate path of PUT 60. 
When PUT 60 turns on, capacitor 78 discharges 

through the PUT and triggers triac 58. If the secondary 
voltage of 44 exceeds the zener threshold voltage of 
zener diodes 54 and 56, then the gate source voltage 
from this control circuit is produced, as previously de 
scribed. In any event, because capacitor 86 is bigger 
than capacitor 78, eventually diode 84 conducts to 
cause a slight reverse build-up on capacitor 78. Since 
triac 58 commutates, the cathode of PUT 60 becomes 
zero, and hence there is an anode-to-cathode reverse 
bias which turns off the PUT. Moreover, when the line 
again begins to buildup, the gate voltage of PUT 60 
rises to further ensure that gate current stops until the 
rising voltage on the anode again establishes conduc 
tion conditions. 
Now referring to FIG. 4, a partial diagram is shown 

of a three phase connection utilizing the improved dim 
mer control circuit of the invention. Three lines I6, I8 
and 19 provide the three phase power distribution to 
the circuit. In conventional fashion they are connected 
to three power transformers 46a, 46b and 46c. Each 
transformer has connected across its secondary a 
bridge rectifier circuit 64a, 64b and 640, in the same 
manner as shown in FIG. 1. Connected to the output of 
each of these bridge rectifiers is a diode 72a, 72b and 
72c, respectively, each connected to fuse 73. Fuse 73 
may be viewed as the same fuse 73 shown in FIG. 1. 
Only one such fuse 73 is required for the three phase 
connection shown in FIG. 4. Fuse 73 is connected to 
variable resistor 74 which is connected to ground via a 
?xed resistor 75. The output from the variable resistor 
is connected to diode 82, which is also part of the com 
mon circuit of each of the three phases. The output 
from diode 82 is supplied to the time control networks 
in the respective phases. For example, in the ?rst 
phase, the connection is made to capacitor 760 and 78a 
and resistor 800. In the second phase network, connec 
tion is made to capacitor 76b and 78b and resistor 80b, 
and in the third phase, connection is made to capacitor 
76c and 78c and resistor 800. The remainder of the 
components in each of the phases is the same for the 
single phase circuit shown in FIG. 1. 

In operation, setting of dimmer control 74 effects the 
lamp connected in each of the phases in the same man 
ner as described above with respect to FIG. 1. Note 
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that separate fuses are not required for each of the pha 
ses. 

In addition to the three phase connection which is 
shown in FIG. 4, it is also possible to connect multiple 
single phase connections all through the same variable 
dimmer control 74 in the same manner. In this instance 
the diagram would be the same as shown in FIG. 4 ex 
cept the three power transformers 46a, 46b and 46c 
would be connected across the same power distribution 
line. 

Further, although a three-phase delta connection is 
illustrated in FIG. 4, the circuit may be connected to 
various other three-phase power connections, such as 
a wye connection. 
Now turning to FIGS. 5-7, alternate embodiments of 

controlling the operation of the FIG. 1 basic circuit is 
shown. To more fully appreciate the timing reuired in 
controlling the circuit, reference is made again to the 
waveform shown in FIG. 3. Gate cutoff point 109 is ad 
justed to be approximately 30° ahead of the cross-over 
point for the line voltage. In other words, gate cutoff 
point 109 occurs 150° after the line voltage. In the 
basic circuit, PUT 60 is prevented from ?ring at a time 
after the reactor voltage (across inductor l4) and the 
current therethrough (lamp current) are of opposite 
polarity by the clipping action of zener diodes 54 and 
56. 
Assuming the absence of zener diodes S4 and 56, an 

alternate method of achieving PUT 60 from firing later 
than I50“ after the line voltage reverses polarity is 
shown in FIG. 5. In this embodiment the voltage across 
the line (voltage from line 16 to 18) is sensed by zero 
crossing detector 94 to produce an output at the time 
the line voltage reverses polarity. The output from 
zero-crossing detector 94 is applied to one-shot multi 
vibrator 96, which produces a pulse of a predetermined 
duration. This pulse may be set not to exceed 150° of 
the cycle of the line voltage, since this line frequency, 
and hence cycle duration, is well known. This adjust 
ment may be made variable, if desired. 
The output from one-shot multivibrator 96 is applied 

to a transistor switch 98 which shunts the anode of PUT 
60 to ground at the end of the pulse from the multivi 
brator. The connection makes it impossible for PUT 60 
to conduct after the switch is closed by the multivibra 
tor. On the following zero~crossing of the line voltage, 
the multivibrator is again pulsed to produce a similar 
switching action. As may be seen, this switching occurs 
every half-cycle. 
FIG. 6 shows a circuit which is identical to FIG. 5, ex 

cept that this embodiment includes peak detector 100, 
rather than zero-crossing detector 94. That is, the de 
tector is activated on the change of slope of line voltage 
and produces an output from one-shot multivibrator 
within a period of 60° following peak detection. Again, 
this pulse duration may be predeterined to be some 
thing less than 60", if desired. It may be seen that peak 
detection takes place 90° after zero-crossing detection, 
and therefore, the 60° pulse from the multivibrator is 
equivalent to the l50° pulse which was described in the 
FIG. 5 embodiment. 
Now referring to FIG. 7, another method of ensuring 

proper ?ring of triac 20 in triac module 15 is shown. A 
current sensing element in the form of a resistor 120, 
sensing coil or other is placed in series with inductor 
14. A connection is made across inductor 14 for sens 
ing the voltage. The current sensing element and the 
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10 
voltage connection are connected to current and volt 
age sensing means 122, which may be separate current 
sensor 124 and voltage sensor 126, respectively. Out 
puts indicative of the presence of a speci?ed polarity of 
the current through and the voltage across induction 14 
are applied to inhibit circuit 128. Inhibit circuit 128 is 
also connected to control circuit 104, which may in 
clude all of the electronics in the control circuit of FIG. 
1, except preferably zener diodes 54 and 56. 
When there is an output gate signal from control cir 

cuit 104 applied to inhibit circuit 128 and also an out 
put from the current and voltage sensors, there is a gate 
source signal for causing triac 20 in triac module 15 to 
conduct. The firing of triac 20 produces the operation 
which has previously been described with respect to in 
ductors 12 and 14 and lamp 10. 
Although circuit 128 has been described as an inhibit 

circuit, it is well-known in the art how to achieve opera 
tion as described above by incorporating an enable cir 
cuit as circuit 128. 
Now referring to FIG. 8, a partial schematic diagram 

of an alternate control circuit is shown. In this circuit, 
all components are identical to the circuit shown in 
FIG. 1. However, it is assumed that diode 82 is con 
nected to a variable dc source 112. Since PUT 60 oper 
ates on a voltage difference, the level of the voltage 
supplied from source 112 ultimately controls the con 
duction of PUT 60 and hence the brightness of lamp 
10. An example of source 112 is a dc control circuit 
employing a photocell which monitors the ambient 
light. When the amient light indicates a need for more 
brightness from lamp 10, the photocell causes an am 
pli?er in the dc control circuit to increase the voltage 
level to diode 82, which, in turn, causes earlier conduc 
tion of PUT 60, as explained above. Hence, there is 
more brightness provided from lamp 10. 
Reset elements 84 and 86 are illustrated in FIG. 8. 

However, it should be noted that other reset means 
may be employed, so long as the reset means is syn 
chronized to the line. Suitable reset means connected 
between the anode of PUT 60 and ground are shown 
in FIGS. 5 and 6. In addition, separate source means, 
rather than transformer winding 66 and full-wave recti 
?er 64, synchronized to the ac power distribution line 
and acting in part as reset means for PUT 60, may be 
employed. 
FIGS. 9-10 illustrate alternate connections for the 

circuit of FIG. 1. It may be recalled that triac module 
15 has four connections: two terminals to transformer 
42 and accompanying load resistor 52 and two power 
terminals to permit connection in series with lamp 10 
and inductive ballast element 12 across lines 16 and 18. 
FIG. 1 shows one such connection, where inductor 14 
is connected to the high line. Alternatively, inductor 14 
of module 15 may be connected between inductor l2 
and lamp 10, as in FIG. 9, or connected to the low line, 
as in FIG. 10. 
FIGS. 11-14 show various autotransformer connec 

tions. FIG. 11 illustrates a high reactance autotrans 
former 17 connected to lines 16 and 18, inductive ele 
ment 14 internal to triac module 15 being connected 
between the halves of autotransformer 17. The secon 
dary of this autotransformer is loosely coupled to the 
primary, as indicated. The impedance of this secondary 
is designed to have in a high reactance autotransformer 
circuit many of the operational characteristics as in 
ductor 12 in the FIG. 1 circuit. 
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FIG. 12 illustrates another connection of triac mod 
ule 15 in a circuit employing high reactance autotrans 
former 17. In this embodiment, triac module 15 and 
lamp 10 are connected in series and the autotrans 
former coils are connected together. If desired, the 
lamp and triac module may be reversed. 
Conventional autotransformer 19 is connected in two 

example alternate arrangements of lamp 10, inductive 
element 12 and triac module 15 in FIGS. 13 and 14. 
Any other arrangement previously discussed may be 
employed, if desired. 
While particular embodiments of this invention have 

been shown and discussed, it will be understood that 
the invention is not limited thereto, since many modi? 
cations may be made and will become apparent to 
those skilled in the art. 
For example, although FIG. 1 illustrates transformer 

means as the isolation means between the control cir 
cuit and the triac module, other isolation means may be 
employed, such as magnetic isolation means, optical 
isolation means or sound (transducer) isolation means. 
In a circuit employing optical isolation, a photo emitter 
may be used in a network for developing the gate 
source voltage and a photo detector may be used as the 
control isolation device driven thereby. 
What is claimed is: 
1. In combination with a high intensity gas discharge 

lamp, a dimmer circuit for controlling the brightness 
thereof, comprising: 

ballast means connected to the lamp and connectable 
to an ac power distribution line; 
said ballast means including a reactor portion, 

gated bypass means for providing at least partial by 
pass of current around said reactor portion of said 
ballast means; 

isolation means connected to said gated bypass 
means; and 

controllable gas source voltage means operably con 
nected through said isolation means to said gated 
bypass means for controllably rendering said gated 
bypass means conductive, and thereby bypassing 
said reactor portion of said ballast means. 

2. A dimmer circuit as set forth in claim 1, wherein 
said isolation means includes a transformer. 

3. A dimmer circuit as set forth in claim 1, wherein 
said controllable gate source voltage means operates at 
a voltage reduced from the voltage carried by said ac 
power distribution line. 

4. A dimmer as set forth in claim 1, wherein said bal 
last means includes a ?rst ballast element in series with 
said lamp and wherein said reactor portion is a second 
ballast element in series with said lamp. 

5. A dimmer as set forth in claim 1, wherein said 
gated bypass means includes a triac and said isolation 
means includes a transformer, the gate connection of 
said triac being connected to said transformer through 
at least two inverse parallel diodes to prevent the in 
ductive voltage buildup from said transformer from 
falsely ?ring said triac. 

6. A dimmer as described in claim 1, wherein said 
controllable gate source voltage means includes 
switch means operable when a predetermined volt 
age threshold value thereof is exceeded; and 

variable source voltage means connected to said 
switch means for producing an amplitude control 
lable voltage substantially in phase with the line 
voltage, the time the amplitude of the controllable 
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12 
voltage reaching the threshold value of said switch 
means determining the gating on of said bypass 
means. 

7. A dimmer as described in claim 1, wherein said 
controllable gate source voltage means includes 
switch means operable when an applied voltage 

raises above a predetermined value, the occur 
rence of said value being set to occur before the 
voltage across the reactor portion changes polarity 
with respect to the line current. 

8. A dimmer as described in claim 1, wherein said 
controllable said source voltage means includes 

?rst switch means operable when a predetermined 
voltage threshold value thereof is exceeded; 

variable source voltage means connected to said 
switch means for producing an amplitude control 
lable voltage substantially in phase with the line 
voltage, the time the amplitude of the controllable 
voltage reaching the threshold value of said switch 
means determining the gating on of said bypass 
means; and 

second switch means operably connected to said 
variable source voltage means and closeably opera 
ble when the amplitude of the controllable voltage 
raises above a predetermined value, the occur 
rence of said value occurring before the voltage 
across the reactor portion changes polarity with re 
spect to the line current. 

9. A dimmer as described in claim 1, and including 
a series resistor and capacitor in parallel with said reac 
tor portion of said ballast means. 

10. A dimmer as set forth in claim 1, wherein said 
gate source voltage means includes 

sensing means for detecting the polarity of the cur 
rent through and the voltage across said reactor 
portion; 

control means connected for producing a signal dur 
ing at least part of each half cycle of said ac power 
distribution line frequency; and 

means connected to said sensing means and said con 
trol means to produce a gate source voltage when 
there is a signal from said control means and which 
renders said bypass means non-conductive when 
the‘ voltage across said reactor portion is no longer 
in the same polarity with the current therethrough. 

11. A dimmer as set forth in claim 10, wherein said 
sensing means includes a voltage sensing means for 
sensing the voltage across said reactor portion and a 
current sensing means for sensing the current through 
said reactor portion. 

12. A dimmer as set forth in claim 10, wherein said 
control means is normally on and said means for pro 
ducing the gate source voltage is an inhibiting means. 

13. A dimmer as set forth in claim 10, wherein said 
control means is normally off and said means for pro 
ducing the gate source voltage is an enabling means. 

14. A dimmer as set forth in claim 1, wherein said 
gate source voltage means includes means for deriving 
a voltage in phase with the voltage supplied by said ac 
power distribution line, and means for amplitude regu 
lation connected thereto for preventing said gated by~ 
pass means from being conductive when the voltage 
across said reactor portion is no longer in the same po 
larity with the current therethrough. 

15. A dimmer as set forth in claim 14 wherein said 
amplitude regulation is provided by a pair of cathode 
to-cathode connected zener diodes for shifting the am 
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plitude of the voltage in phase with the power distribu 
tion voltage so that it decreases below a predetermined 
level no matter than the time the voltage across said re 
actor reverses in polarity. 

16. A dimmer as set forth in claim 14, wherein said 
amplitude regulation is provided by a detector sensing 
the zero crossing of the voltage of said ac power distri 
bution line, a one-shot multivibrator activated by said 
detector, and a semiconductor switch connected to dis 
enable said gate source voltage means when the voltage 
across said reactor portion is no longer in the same po 
larity with the current therethrough. 

17. A dimmer as set forth in clailm 14, wherein said 
amplitude regulation is provided by a detector sensing 
the peak of the voltage of said ac power distribution 
line, a one-shot multivibrator activated by said detec 
tor, and a semiconductor switch connected to disen 
able said gate source voltage means when the voltage 
across said reactor portion is no longer in polarity with 
the current therethrough. 

18. A dimmer as described in claim 1, wherein said 
isolation means includes a ?rst transformer for reduc 
ing the voltage from the voltage carried by said ac 
power distribution line, and wherein said controllable 
gate source voltage means includes 
a second transformer connected across the ac power 

distribution line to provide a reduced ac voltage; 
a full wave bridge rectifier for rectifying the reduced 

voltage to dc voltage; 
a pair of cathode-to-cathode connected zener diodes 

for shifting the amplitude of the reduced ac voltage 
in phase with the power distribution voltage so that 
it goes to zero no later than the time the voltage 
across said reactor goes to zero; 

a triac connected in series with said zener diodes con 
ducting when the gate voltage applied thereto ex 
ceeds the reduced voltage from said ?rst trans 
former and the zener diode voltage; and 

programmable unijunction transistor means con 
nected to said recti?er and to said triac for deter 
mining the amplitude and timing of the gate voltage 
applied to said triac. 

19. A dimmer as described in claim 18, wherein said 
programmable unijunction transistor means includes 

a unijunction transistor; the cathode of which is con 
nected to said triac; 

first variable resistor means operably connected to 
the dc terminals of said recti?er for controlling the 
voltage applied to the anode of said unijunction 
transistor, 

said first variable resistor means including 
a resistance divider connected to said recti?er, 
a diode connected to the output of said divider, and 
a time constant network; and 

second variable resistor means operably connected 
to the dc terminals of said rectifier for controlling 
the voltage level on the gate of said unijunction 
transistor. 

20. The dimmer as described in claim 18, wherein 
said programmable unijunction transistor means in 
cludes reset means for rendering said unijunction tran 
sistor conductive when the anode-to-gate voltage does 
not cause conduction and for rendering said unijunc 
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sals of said ac power distribution line voltage. 
21. A dimmer as described in claim 20, wherein said 

reset means includes 

14 
a capacitor connected to the gate of said unijunction 

transistor and to said full wave bridge recti?er; and 
a diode connected to said anode of said unijunction 

transistor and to said full wave bridge recti?er. 
22. In combination with at least three high intensity 

gas discharge lamps, a dimmer circuit for controlling 
the brightnesses thereof, comprising 
a separate ballast means connected respectively to 
each of the lamps and connectable to an ac power 

. distribution system, 

each of said ballast means including a reactor por 
tion, 

separate gated bypass means for respectively provid 
ing bypass current around said reactor portion of 
each of said plurality of ballast means; 

separate isolation means connected to each of said 
gated bypass means; and 

commonly controllable gate source voltage means 
operably connected through said isolation means 
to each of said gated bypass means for controllably 
rendering said gated bypass means conductive, and 
thereby bypassing said reactor portion of each of 
said ballasts through a time range when the current 
through said reactor portions and the voltages 
thereacross are respectively of the same polarity. 

23. A dimmer circuit as set forth in claim 22, wherein 
said separate ballast means are connected respectively 
to different phases of said ac power distribution system. 

24. A dimmer circuit as set forth in claim 22, wherein 
said separate ballast means are connected to the same 
phase of said ac power distribution system. 
25. A dimmer as described in claim 22, and including 

a series resistor and capacitor in parallel with said re 
spective reactor portions of said separate ballast 
means. 

26. The dimmer circuit as described in claim 22, 
wherein each of said isolation means includes a ?rst 
transformer for reducing the voltage from the voltage 
carried by said ac power distribution line, and wherein 
said controllable gate source voltage means includes 
a second transformer connected across each phase of 

the ac power distribution line to provide a reduced 
ac voltage for each phase; 

a separate full wave bridge recti?er for rectifying 
each of the reduced voltages to dc voltage; 

a separate pair of cathode-to-cathode connected 
zener diodes for shifting the amplitude of each re 
duced ac voltage in phase with the power distribu 
tion voltage so that it goes to zero no later than the 
time the voltage across said respective reactor goes 
to zero; 

a triac connected in series with each pair of said 
zener diodes conducting when the gate voltage ap 
plied thereto exceeds reduced voltage from said 
first transformer and the zener diode voltage; and 

programmable unijunction transistor means con 
nected to each of said bridge recti?ers and to said 
triac for determining the timing and amplitude of 
the gate voltage applied to said respective triacs. 

27. The dimmer circuit as described in claim 26, 
wherein each of said programmable unijunction tran 
sistor means includes 
a unijunction transistor, the cathode of which is con 
nected to said triac; 

?rst variable resistor means operably connected to 
the dc terminals of said recti?er for controlling the 
voltage applied to the anode of said unijunction 
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transistor, said ?rst variable resistor means includ 
ing 
a resistance divider connected to said recti?er, 
a diode connected to the output of said divider, and 
a time constant network; and 

second variable resistor means operably connected 
to the dc terminals of said recti?er for controlling 
the voltage level on the gate of said unijunction 
transistor. 

28. The dimmer as described in claim 26, wherein 
said programmable unijunction transistor means in 
cludes reset means for rendering said unijunction tran 
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sistor conductive when the anode-to-gate voltage does 
not cause conduction and for rendering said unijunc 
tion transistor non-conductive following polarity rever 
sals of said ac power distribution line voltage. 

29. A dimmer as described in claim 28, wherein each 
of said reset means includes 

a capacitor connected to the gate of said unijunction 
transistor and to said full wave bridge recti?er; and 

a diode connected to said anode of said unijunction 
transistor and to said full wave bridge recti?er. 

* ill * * * 
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