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(57) ABSTRACT 
A disco light assembly is provided which includes a 
multiplicity of individual electric lamps formed in a 
circle, or in any other appropriate configuration, and 
which are illuminated in any desired sequence in re 
sponse to a disco beat. The individual lamps are prefera 
bly of the high intensity type, and each generates a shaft 
oflight, preferably white, when illuminated. A common 
regulated power supply is provided which supplies a 
continuous filament current to all the lamps which is of 
sufficient amplitude to maintain the filaments in a warm 
state but insufficient to illuminate the lamps. Each lamp 
has its own control module connected to the common 
power supply, and when a nodule is triggered, it causes 
a high current pulse to be introduced to the correspond 
ing lamp for a few milliseconds, followed by a power 
current of sufficient intensity to illuminate the lamp. 
The power current continues for so long as the lamp is 
to be illuminated. A rapid turn-on circuit is included in 
each nodule, so that each lamp is quickly turned on 
without creating any undue thermal stress in the lamp 
filament. However, the lamps turn off at a relatively 
slow rate. This obviates irritating strobe light effects, 

18 Clains, 10 Drawing Figures 
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1. 

DISCO LIGHT ASSEMBLY 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND 
Systems have been provided in the past which at 

tempt to coordinate colors with sounds, and more spe 
cifically to cause differently colored electric lights to be 
energized in response to musical tones of different pre 
determined frequencies. The overall effect of such a 
display system is a spectacular harmonizing of color 
illuminations with musical sounds. Musical tones are 
converted into corresponding electrical signals in the 
systems, and the electrical signals are selectively filtered 
so as to control the energization of different groups of 
colored lights. In this way, different color illumination 
effects are obtained in synchronism with tonal varia 
tions of the music emanating from the particular musical 
source. An example of such a prior art system may oe 
found in U.S. Pat. No. 3,845,468 which issued Oct. 29, 
1974 in the name of the present inventor. 
Other systems have been devised in the past in which 

lamps generating white light are selectively energized 
in response to a musical beat to create mobile, dynamic 
and exciting illuminating effects. The system of the 
present invention is of this latter type and, as explained 
above, it provides an improved control system for selec 
tively activating a plurality of individual electrical 
lamps in order to create unusual wild and spontaneous 
effects. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram of a light assembly and 

associated control units, in accordance with the teach 
ings of the present invention; 

FIG. 2 is a circuit diagran of a power module which 
is provided in the system of FIG. 1 for each of the 
electric lamps of the system; 

FIG. 3 is a graph showing the waveform of the vari 
ous voltages applied to the corresponding lamp by the 
power module of FIG. 2; 

FIG. 4 is a circuit diagram of a common regulated 
power supply which is included in the system of FIG. 1; 
FIG. 5 is a circuit diagram of an R.M.S. voltage 

regulator, several of which are included in the regulated 
power supply of FIG. 4; 

FIG. 6 is a circuit diagram of a fast turn-on circuit 
included in the power module of FIG. 2; 

FIG. 7 is a second embodiment of the fast turn-on 
circuit; 

FIG. 8 is a third embodiment of the fast turn-on cir 
Cult; 
FIG. 9 is a schematic representation of the control 

panel of the system; and 
FIG. 10 is a logic diagram of certain control circuitry 

included in the system. 
DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENTS 

The particular assembly shown in FIG. 1 includes a 
series of 64 electrical lamps 10 formed in a ring, al 
though any other formation is feasible. A corresponding 
plurality of power modules 14-14n are respectively 
connected to the individual lamps 10. A common power 
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2 
supply 16 is provided for the power modules. The 
power modules are selectively activated by a control 
unit 18 which responds to the beat the the disco music 
in the environment in which the assembly is installed. 
The lamps 10 are preferably high intensity sealed bearn 
white spotlights, and may be provided, for exampie. in 
rings of 64, 32, 16, 8 or 4 lamps, or any other desired 
number, as desired. Each of the lamps is quickly turned 
on in response to the control by the control unit 18 of its 
associated power module 14, but each lamp cools down 
over a normal time interval after being de-energized. 
This eliminates unwanted strobe effects, 
When placed in a ring configuration, such as shown 

in FIG. 1, the assembly may be controlled to generate a 
white shaft of light that responds instantly to the beat of 
the disco music to create an exciting maypole type of 
light show. The assembly can be controlled such that 
the effect of a single lamp traveling around the ring at 
high speed, for example, of the order of one revolution 
per second, can be produced, with no mechanical no 
tion. A speed control knob is provided, as will be de 
scribed. The ring may be divided into a number of sec. 
tions, as will also be described, so that different lamps 
can be illuminated in different sequences in each sec 
tion, moving in either the same direction or opposite 
directions. The assembly can also be controlled so that 
a single lamp can be made to perform as a giant metro 
none with each beat of the music. 
The circuit diagram for each of the power modules 

14a-14n is shown in FIG. 2. In the circuit of FIG. 2, the 
control signal from the control circuit of FIG. 10, is 
introduced to the base of a PNP transistor Q1, and 
whenever the signal appears, the circuitry of FIG. 2 is 
activated to illuminate it corresponding lamp 10. The 
emitter of transistor Q1 is grounded, and the collector is 
connected through a diode CR1, and through a 240 
ohn resistor R1 to the base of an NPN transistor Q2. 
The collector of the transistor Q1 is also connected 
through a diode CR2 to the input of a fast turn-on cir 
cuit designated 20. The output of circuit 20 is connected 
to the base of a PNP transistor Q3, the emitter of which 
is grounded. The collector of transistor Q3 is connected 
through a 510 ohm resistor R2 to the base of a NPN 
transistor Q4, and through a 510 ohm resistor R4 to the 
base of an NPN transistor Q5. - 

Transistors Q4 and Q5 are connected in parallel. The 
emitters of the transistors are connected to an input 
terminal designated D, and the collectors are connected 
through a radio frequency choke coil 22 to lamp 10. 
Lamp 10 is also connected to the common ground lead 
24. Choke coil 22 may have an inductance of 285 micro 
henries, and a resistance of 0.090 ohms. Lamp 10 may be 
a General Electric sealed beam spot lamp of the type 
designated 4515. This lamp is rated at 6.4 volts and 30 
watts. The emitter of transistor Q2 is connected to an 
input terminal E, and the collector is connected through 
a diode CR4 to the choke coil 22. Further terminals F 
and G are connected through respective 3 amp fuses F1 
and F2, and through corresponding diodes CR6 and 
CR7, to the choke coil 22. 

Transistors Q4, Q5 constitute a first switch, which 
when activated causes a high pulse of R.M.S. voltage of 
the order, for example, of 21 volts (FIG. 3) to be applied 
to the lamp 10 for a brief interval of the order of 12 
milliseconds, from the time the cirucit is activated by 
the control signal from the control circuit. The transis 
tor Q2 constitutes a second switch, and it also is turned 
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on when the signal is received from the control circuit. 
The latter switch causes a 6.5 volt power signal (FIG. 3) 
to be applied to the lamp 10, which signal corresponds 
to the voltage rating of the lamp. The terminals F and G 
supply a 1.8 volt signal at all times to lamp 10 to main 
tain the filament of the lamp in a warm condition so as 
to minimize thermal stress when the lamp is illuminated, 
and so as to increase the lamp life. The terminals D, E, 
F and G are connected to the voltage regulated power 
supply of FIG. 4, which provides a 21 volt R.M.S. 
signal to terminal D, a 6.5 volt R.M.S. signal to terminal 
E, and a 1.8 volt R.M.S. signal to terminals F and G. 
The circuitry for the common regulated power sup 

ply 16 is shown in FIG. 4. The power supply includes 
three separate transformers T1, T2 and T3, the primary 
windings of which are connected to the usual l 15 volt 
alternating current source. An R.M.S. voltage regulator 
50 is included in each of the primary circuits, the circuit 
details of regulator 50 being shown in FIG. 5. The 
secondary winding of transformer T is connected to a 
usual bridge-type full-wave rectifier 52, which, in turn, 
is connected through a tuned choke circuit 54 and 
through a diode CR50 to output terminal D. The choke 
circuit 54 is connected to a pair of resistors R50, R52 
which are grounded, and which are shunted by a capac 
itor C50, and by a pair of lamps 60 and 64, 
The circuit 54 includes a choke coil L90 shunted by a 

capacitor C52 and series resistor R54, resistor R54 hav 
ing a resistance of 0.375 ohms. The capacitor C52 and 
resistor R54 are also shunted by a 2 ohm resistor R56 in 
series with a diode CR52. The tuned choke circuit 54 
provides a high power factor, and resistors R50 and R52 
and capacitor C50 form a filter. Lamps 60 and 64 may 
be 28 volt lamps, and serve a bleed-off function. A 
regulated and fully rectified 21 volt voltage appears at 
terminal D of the power supply, and this voltage is 
supplied to the transistors. Q4 and Q5 of FIG. 2 to pro 
vide the pulse voltage for the lamp 10. 
The secondary of transformer T2 is connected to a 

pair of diodes CR56 and CR58, which, in turn, are 
connected to the output terminal E. The center tap of 
the secondary is grounded. The diodes are connected 
back through a 470 ohm resistor R60 to a lamp 62, 
Lamp 62 is shunted by a series of diodes CR60, CR62 
and CR64 which protect against overdrive of the lamp. 
The lamp 62 is optically coupled to voltage regulator 
50, so that any variation for the rectified 6.5 voltage at 
terminal E causes the regulator to produce a compen 
sating variation in the primary voltage of transformer 
T2. Terminal E provides the 6.5 volt power voltage to 
transistor Q2 in the module of FIG. 2, so that when the 
module is activated, the lamp 10 may be illuminated for 
a period of time determined by the time in which tran 
sistor Q2 is rendered conductive. 
The secondary winding of transformer T3 provides a 

1.8 volt voltage at terminals F and G, and this voltage is 
used to provide standby current to the filament of lamp 
10 of an R.M.S. voltage of 1.8 (FIG. 3) so that the fila 
ment of the lamp is kept warn at all times, so as to 
minimize thermal stress and increase the life of the 60 
lamp. A pair of diodes CR70 and CRT2 are connected 
across the secondary of transformer T3, and these di 
odes are connected through a resistor R62 to a lamp 64. 
The center tap of the secondary of transformer T3 is 
grounded. Any tendency for the output voltage across 
the secondary of transformer T3 to vary causes the 
illumination of lamp 64 to change accordingly. The 
lamp is optically coupled to the R.M.S. voltage regula 
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4. 
tor 50, and cause the regulator to produce compensat 
ing variations in the primary current of transformer T3. 
The circuitry of the R.M.S. voltage regulator 50 is 

shown in FIG. 5. The circuitry of FIG. 5 includes a 
photodiode Q100 which may be of the type manufac 
tured by Motorola and designated MRD450. When the 
circuit is used in the primary of transformer T1, the 
phototransistor Q100 is replaced by a usual transistor, 
because photo-coupling is not used in that particular 
circuit. The collector of transistor Q100 is connected to 
a grounded 20 kilo-ohm resistor R100, and the emitter is 
directly connected to a -24 volt voltage source. The 
collector is also connected through a 10 kilo-ohm resis 
tor R102 to the base of a PNP transistor Q102, resistor 
R102 being shunted by a 0.022 microfarad capacitor 
C100. The emitter of transistor Q102 is grounded, and 
the collector is connected to the drain electrode of a 
field effect transistor FET100. The source electrode of 
field effect transistor FET 100 is connected through a 
resistor R104 to a negative 23 volt voltage source, and 
the gate is directly connected to that source. The field 
effect transistor FET 100 may be of the type designated 
2N5458. The collector of transistor Q102 is coupled 
back to the base through a 0.1 microfarad capacitor 102, 
and to the base of a PNP transistor Q104. The collector 
of transistor Q104 is directly connected to the 23 volt 
negative voltage source, and the emitter is connected to 
a 10 kilo-ohm grounded resistor R106. 
The emitter is also connected through a 39 kilo-ohm 

resistor R108 to a diac 120 which may be of the type 
designated IN5758. The diac is also connected through 
a 270 ohm resistor R110 to a further 270 ohm resistor 
R112. These resistors are connected to a grounded 0.01 
microfarad capacitor C104. Resistor R112 is connected 
through a pair of 1.3 megohm resistors R114 and R115 
to a variable 1 megohm resistor R113. Variable resistor 
R113 is connected to the positive terminal of a 110 volt 
direct voltage source. The junction of resistors R112 
and R114 is connected through a diode CR100 to the 
positive terminal of a 115 volt direct voltage unfiltered 
pulsing line source. The junction of resistors R114 and 
R115 is connected through a diode CR102, through a 27 
kilo-ohm resistor R120 and through a diode CR104 to 
the positive terminal of the 115 volt source. Diode 
CR102 and resistor R120 are also connected to the 
anode of the silicon controlled rectifier designated 
SCR100. The diac 120 is coupled through a 0.0056 
microfarad capacitor C110 to the gate of the silicon 
controlled rectifier. The cathode of the silicon con 
trolled rectifier is grounded, and the gate is connected 
to a 270 ohm grounded resistor R112. 
The anode of the silicon controlled rectifier SCR100 

is connected through a pair of 2.4 kilo-ohm parallel 
resistors R124 and R126 to a photodiode CR130 in a 
photocoupler 130, and through a diode CR132 to the 
positive terminal of the 24 volt source. The photocou 
pler 130 may be of the type designated 4N26, and it 
includes a phototransistor Q110. The base of the photo 
transistor is coupled to the emitter through a 0.001 
microfarad capacitor C114. The collector is connected 
to a resistor R140 of 510 ohms, which, in turn, is con 
nected through a 60 ohm resistor R142 to the collectors 
of a pair of parallel connected NPN transistors Q112 
and Q114 which are contained in an integrated circuit 
chip 132 which may be of the type designated 2N6386, 
and which form a Darlington amplifier. The emitter of 
transistor Q110 is connected to the base of transistor 
Q112. 



Re. 32,341 
5 

The junction of resistors R140 and R142 is connected 
through a diode CR140 to the gate electrode of a triac 
134. The cathode of the triac is connected to one side of 
the 115 volt alternating current source, and the anode is 

6 
voltage, and the effect is to provide a regulating effect 
to maintain the output secondary voltage constant. 
A first embodiment of the fast turn-on circuit is incor 

porated into the power module 14 of FIG. 2. The circuit 
connected through a radio frequency choke coil L130 5 of FIG. 6 includes an input terminal designated A' 
to the primary winding of transformer T1, T2 or T3. 
The primary winding is shunted by a resistor R144 
which has a resistance, for example, of 2.25 kilo-ohms. 
The primary is also shunted by a 100 ohm resistor R146 
and a 0.1 microfarad capacitor C120 connected in series 
with the resistor. 
The voltage regulator circuit of FIG. 5 controls the 

voltage across the secondary of the transformer T1, T2 
or T3 to maintain a constant R.M.S. voltage, by control 
ling the amount of power actually fed to the primary of 
the transformer during each half-cycle of voltage from 
the 115 volt alternating current source. This is achieved 
by firing the triac 134 at selected times in each half 
cycle, so that more or less power is supplied to the 
primary of the transformer in order to maintain a con 
stant R.M.S. voltage output. The gate signal applied to 
the triac persists for the whole interval during whirh 
the triac is conductive to avoid false turn off to the triac 
because of the inductive nature of its load. 
As described above, the current through the photo 

transistor 100 is controlled to be a function of the output 
voltage by a photocoupling arrangement with respect 
to the transformers T2 and T3 in FIG. 4, and by a direct 
control with respect to the transformer T1. In each 
instance, the voltage across resistor R100 is a measure of 
the output voltage of the corresponding power supply. 
This voltage is amplified by transistor Q102, and the 
amplified voltage appears across resistor R106 in the 
emitter circuit of the decoupling emitter follower Q104. 
The field effect transistor FET 100 in the collector 

circuit of transistor Q102 provides a constant current 
source, so that extremely high gain may be realized by 
the transistor Q102 in excess of 2,000. The voltage 
across resistor R106 is supplied to one side of diac 120. 
An increasing voltage is supplied to the other side of 
diac 120 as capacitor C104 is charged from the positive 
terminal of the 110 volt direct voltage source through 
resistors R112, R114, R115 and R113. 
So long as the diac 120 is not conductive, the capaci 

tor C104 discharges through diode CR100 to the posi 
tive 115 voltage source which is in phase with the 115 
volt alternating current source to which the primary 
circuit of the transformer is connected, but which is 
rectified but unfiltered. Capacitor C104 is fully dis 
charged at the end of each half-cycle. A negative volt 
age appears across resistor R106, and a positive voltage 
appears across capacitor C104. For each half-cycle of 
the rectified alternating current voltage, a threshold is 
reached during which the diac 120 becomes conduc 
tive, causing the SCR100 to fire. The point on each 
half-cycle at which the diac becomes conductive is 
determined by the magnitude of the negative voltage 
across resistor R106, which is determined by the output 
voltage of the power supply. Each time the silicon 
controlled rectifier SCR100 is triggered, a current flows 
through the photodiode CR130 in the photocoupler 
130, and causes a current flow in the phototransistor 
Q110. This current flow is amplified in the Darlington 
amplifier 132 and triggers the triac 134. 

In the foregoing manner, the triac 134 is triggered 
during each half-cycle of the alternating current voltage 
applied to the primary circuit of the transformer, and at 
a point on each half-cycle determined by the output 
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which receives the control signal from the control cir. 
cuit (FIG. 10), Terminal A' is connected to the base of 
a PNP transistor Q1, the transistor being of the type 
designated PN4917. The emitter of transistor Q1 is 
grounded, and the base is connected to a grounded 10 
kilo-ohm resistor R200 and to a grounded 0.001 micro 
farad capacitor C200. 
The collector of transistor Q1 is connected through a 

diode CR200 to the input of a Schmitt trigger 200, the 
input being connected through a 20 kilo-ohm resistor 
R202 to the negative terminal of a 7 volt direct source. 
The output of Schmitt trigger 200 is coupled through a 
0.1 microfarad capacitor C202 and through a 12 kilo 
ohm resistor R204 to the input of a Schmitt trigger 202. 
The junction of capacitor C202 and resistor R204 is 
connected through 1.2 megohm resistor R206 to the 
negative terminal of the 7 volt source. 
The output of Schmitt trigger 202 is coupled through 

a 0.022 microfarad capacitor C204 to the input of a 
Schmitt trigger 206. The input of Schmitt trigger 206 is 
connected to a grounded 460 kilo-ohm resistor R208. A 
diode CR204 is interposed between capacitor C204 and 
the output of Schmitt trigger 202, and a second diode 
CR206 is connected from the output of Schmitt trigger 
200 to the capacitor C204. The junction of diode CR204 
and capacitor C204 is connected through a 20 kilo-ohm 
resistor R210 to the ground lead which is connected to 
output terminal B". 

Schmitt trigger 206 is coupled through a diode 
CR210 to the input of a Schmitt trigger 210, diode 
CR20 also being connected through a 20 kilo-ohm 
resistor R212 to a common lead designated -7 V which 
is connected to the negative terminal of the 7 volt 
source. The terminal C" is actually connected to the 
negative terminal of the 7 volt direct current source, 
and a diode CR212 is interposed between that terminal 
and the common lead designated -7 V. 
The output of Schmitt trigger 210 is introduced 

through a 2.2 kilo-ohm resistor R220 to the base of a 
PNP transistor Q202 which may be of the type desig 
nated PN497. The base of the transistor is connected to 
the common ground lead through a 10 kilo-ohm resistor 
R222, and the emitter is directly connected to the 
ground lead. A 0.1 microfarad capacitor C208 is con 
nected between the lead designated -7 V and the com 
mon ground lead. 
The collector of transistor Q1 is connected through a 

diode CR214, and through a 240 ohm resistor R1 to a 
Darlington amplifier integrated circuit chip Q2 which 
may be of the type designated 2N6386, and which in 
cludes a pair of transistors, and constitutes a drive am 
plifier. Likewise, the collector of transistor Q3 is con 
nected through a first 510 ohm resistor R2 to a Darling 
ton amplifier chip Q4, and through a 510 ohm resistor 
R4 to a Darlington amplifier chip Q5. The outputs of 
both chips Q4 and Q5 are connected to a terminal desig 
nated J' which, as shown in FIG. 2, is connected to the 
R.F. choke 22. The two chips are connected to a termi 
nal D', which, as shown in FIG. 2, is connected to the 
negative terminal of a 21 volt direct voltage source. 
The output of Schmitt trigger 200 is introduced 

through a 0.1 microfarad capacitor C220 and through a 
12 kilo-ohn resistor R230 to the input of a Schmitt 
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trigger 222. The junction of capacitor C220 and resistor 
R230 is connected to a grounded 3.9 megohm resistor 
R232. The output of Schmitt trigger 222 is introduced 
through a diode CR218 and through a 0.022 microfarad 
capacitor C224 to the input of a Schmitt trigger 226. The 
output of Schmitt trigger 200 is also introduced through a 
diode CR222 and through coupling capacitor C224 to the 
input of Schmitt trigger 226. The junction of diodes 
CR222 and CR218 and capacitor C224 is connected to a 
grounded 20 kilo-ohm resistor R240, and the input of 
Schmitt trigger 226 is connected to a grounded 820 
kilo-ohm resistor R242. All diodes in the circuit of FIG. 
6 are of the type designated IN459A. 
The circuit of FIG. 6 serves to control the width of te 

21 volt fast turn-on pulse of FIG. 3, and it causes that 
pulse to have a duration of 12 milliseconds when the 
repetition rate of the control pulses applied to the input 
of the circuit of FIG. 2 is relatively low, but causes the 
duration of the turn-on pulse to be reduced to 6 millisec 
onds in the event the repetition rate of the incoming 
pulses increases to a relatively high value, thereby pro 
tecting the filament of the lamp 10 by reducing the 
power of the high voltage pulse during intervals when 
the filament is relatively hot. The circuit of FIG. 6 
comprises two parallel Schmitt trigger circuits which 
lock out one another, so that during the intervals of 
relatively low incoming pulse rate the lower circuit is 
active to produce the 12 millisecond output pulses, 
whereas during the intervals of relatively high incom 
ing pulse rate, the upper circuit is active to produce the 
6 millisecond pulses. 
The incoming pulse is amplified by Darlington ampli 

fier Q2 in the circuit of FIG. 6. As shown, the output 
pulse which is applied to Schmitt trigger 200 is ampli 
fied and inverted in polarity with respect to the incom 
ing pulse, and is initiated at the same time. The output 
pulse from Schnitt trigger 200 is again inverted, and is, 
likewise, initiated at the same time as the input pulse. 
The Schmitt trigger 200 is triggered on by the trailing 
edge of the output pulse from Schmitt trigger 200, and 
is triggered on for, for example, 100 milliseconds, so 
that its output is a negative-going 100 millisecond pulse 
whose leading edge corresponds to the trailing edge of 
the pulse from Schmitt trigger 200. The Schmitt trigger 
200 also applies its output pulse to Schmitt trigger 206, 
so that the latter Schmitt trigger is triggered on at the 
leading edge of the incoming pulse, to cause it to gener 
ate a 6 millisecond pulse at its output whose leading 
edge also corresponds with the leading edge of the 
inconing pulse. 
However, due to the 100 millisecond lock-out pulse 

from Schmitt trigger 202, any incoming pulse occurring 
during the lock-out interval has no effect on the Schmitt 
trigger 206. Therefore, the circuit is responsive only to 
pulses below a certain repetition rate. However, if the 
incoming pulses occur at a relatively slow repetition 
rate, it is desirable for the pulse produced by the circuit 
to increase from 6 to 12 milliseconds, so as to provide 
sufficient rapid turn-on energy to the lamp. For that 
purpose, the lower Schmitt triggers 222 and 226 take 
over to produce the illustrated waveforms, with the 
Schmitt trigger 206 producing a 12 millisecond input 
pulse to Schmitt trigger 210, so that Schmitt trigger 210 
instead of producing a 6 millisecond output pulse, now 
produces a 12 millisecond output pulse. 
The output pulses from the Schmitt trigger 210 are 

amplified in the circuit of transistor Q3 and its associ 
ated Darlington amplifiers Q4 and Q5. The result is the 
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production of output pulses at terminal J which are 
used for the rapid turn-on of the lamp 10 in FIG. 2, with 
these pulses having a duration of 6 milliseconds when 
the incoming pulse rate is relatively high and 12 milli 
seconds when the incoming pulse rate is relatively low. 
It is apparent that more Schmitt trigger circuits can be 
provided in parallel in the circuit of FIG. 6, so that a 
variety of pulse widths can be produced at the output 
terminal H", depending upon the repetition rate of the 
incoming pulses, so that the filament of lamp 10 is pro 
tected against excessive heating effects. 
A second embodiment of the fast turn-on circuit 20 is 

shown in FIG. 7. In the circuit of FIG. 7, the width of 
the output pulse appearing at terminal K" varies contin 
uously in accordance with the repetition rate of the 
incoming pulses, so as to maintain a safe thermal stress 
level in the filament of lamp 10 at all times, as compared 
with the selective switching from one pulse width to the 
other as is the case in the circuit of FIG. 6. 

In the circuit of FIG, 7, the incoming pulses applied 
to terminal AA" appear across resistor R300 and trigger 
a Schmitt trigger circuit 300 to produce a correspond 
ing inverted pulse whose leading edge corresponds with 
the leading edge of the incoming pulse. The output of 
Schmitt trigger 300 is coupled through a 0.022 micro 
farad capacitor C300 and through a 6.2 megohm resistor 
R300 to the input of a Schmitt trigger 302. The input to 
the Schmitt trigger 302 is connected through a diode 
CR300 to the positive terminal of a 7 volt source, and 
through a diode CR302 to ground. The output of 
Schmitt trigger 302 is connected to output terminal K", 
and it produces a positive-going pulse at the output 
terminal whose leading edge corresponds with the lead 
ing edge of the incoming pulse, and whose width varies 
as the repetition rate of the incoming pulse varies. The 
output of Schmitt trigger 302 is connected through a 
diode CR306 through a 1.16 megohm resistor R304 to 
the junction of capacitor C300 and resistor R300. That 
junction is also connected through a 44 megohm resis 
tor R308 to the positive terminal of the 7 volt source. 

In the operation of the circuit of FIG. 7, the turn-on 
pulse applied to the input Schmitt trigger 300 causes the 
output of the Schmitt trigger to be reduced to ground 
potential causing the R304, C300 timing circuit to pulse 
the Schmitt trigger 302. The pulse width is 12 millisec 
onds if C300 has no charge, so that when the repetition 
rate of the incoming pulses is relatively low the output 
pulse of Schmitt trigger 302 will have a duration of 12 
milliseconds. Charging of the capacitor C300 is termi 
nated at the end of the output pulse due to the path 
through diode CR306. When the turn-on pulse from 
Schmitt trigger 300 turns off, capacitor C300 discharges 
through resistor R300, diode CR300 and resistor R308. 
Should another turn-on pulse occur before the capaci 
tor C300 has had a chance to discharge completely, the 
duration of the trigger pulse to the Schmitt trigger 302 
will be less, so that the duration of the output pulse 
correspondingly will be less. 

Therefore, any increase in the rate of the incoming 
turn-on causes the duration of the corresponding output 
pulses to decrease, and any decrease in the repetition 
rate of the incoming pulses causes the duration of the 
output pulse to increase. This provides an automatic 
pulse duration limit to protect the lamp filament from 
burn-out. With the circuit described above, and with a 
constant pulse voltage source for the lamp, the photon 
output of the lamp is uniform for a wide range of repeti 
tion rates of the incoming turn-on pulses. 
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Another embodiment of the fast turn-on circuit is 

shown in FIG. 8. This latter circuit connects directly 
across the lamp 10 isolated by the radio frequency 
choke 22 and a capacitor C400 connected between the 
radio frequency choke and ground, and having a capac 
ity of 0.1 microfarads. A high frequency square-wave 
oscillator 400 supplies a high frequency square-wave of 
the order of 25 kilocycles through a resistor R400 and 
capacitor C402 across the lamp 10, as shown. There 
fore, the lamp is pulsed by the direct current pulses of 
FIG. 3 on one hand, and is energized by a high fre 
quency square-wave from source 400. 
The lamp and its associated circuitry are coupled 

through a coupling capacitor C404 to the input of an 
inverting amplifier 402, the input being connected to a 
grounded resistor R404. The output of the amplifier 402 
is connected to an inverter rectifier circuit including an 
inverting amplifier 404 and a rectifying diode CR400, 
and to a non-inverting rectifier including an amplifier 
406 and a diode CR402. The outputs from the two recti 
fiers are combined and applied to the positive input of a 
comparator 410 through a resistor R412, the output of 
the comparator being connected back to the positive 
input through a resistor R414. The negative input to the 
comparator is connected to a potentiometer R416, one 
side of which is connected to a grounded resistor R418, 
and the other side of which is connected through a 
resistor R420 to the positive terminal of a voltage 
source 422, the negative terminal of which is grounded. 
The outputs from the two rectifiers described above 
appear across a resistor R422 which is shunted by a 
capacitor C422, the resistor R422 and capacitor C422 
constitute a filter for the rectified output; and capacitor 
C04 and resistor R404 forming a high pass filter. 
The alternating current and direct current circuits are 

isolated from one another by the radio frequency choke 
22 and the blocking capacitor C402. As the filament of 
lamp 10 heats up, its resistance rises, and the signal into 
the amplifier 402 rises and eventually triggers the com 
parator 410 which sends a shutdown signal to the fast 
turn-on circuit 20 of FIG. 2. The comparator reference 
can be set for any desired filament resistance by potenti 
onneter R416. The circuit of FIG. 8 serves to maintain 
each of the 21 volt fast turn-on pulses of FIG.3 on until 
the filament resistance rises to a predetermined value, 
representing a particular heat level of the filament, at 
which time the pulse is turned of 
A control panel for the display is shown schemati 

cally in FIG. 9. The control panel includes a group of 
64 light emitting diodes (LED's) designated 500 which 
serve as a ring for monitoring the illumination of the 
lights in the display shown in FIG. 1. A control knob 
502 is also mounted on the panel which controls the 
frequency of a clock oscillator and, thereby, the speed 
of the light display when the system is in a clock mode. 
The panel also includes a control knob 504 which con 
trols the audio level control to assure that the audio is 
not too high to drive the system into saturation. An 
LED 506 is illuminated when the audio level is at the 
proper value, and an LED 508 is illuminated when the 
audio level is too high, so as to drive the system to 
saturation. 
The control panel also includes a number of touch 

switches 510 which control the number of lamps illumi 
nated in the display at any one time, with reach of the 
touch switches being accompanied by a corresponding 
LED 512 which indicates which of the touch switches 
has been actuated. The control panel also includes a 
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10 
touch switch 514 which turns the display of FIG. 1 on 
or off, and it is accompanied by an LED 506 which is 
illuminated when the display is off. 

Also included on the control panel is a group of touch 
switches 518 which provide a reversal of the illumi 
nated lamps on a sectional basis, so that the lamps can 
give the illusion of traveling either completely around 
the ring, half-way around the ring, around two seg 
ments of the ring, and so on. Each of the switches 518 is 
accompanied by an LED 520 which is illuminated when 
the corresponding switch is actuated. 
A group of touchj switches 522 serve as reverse 

stops, and each is accompanied by a light emitting diode 
524. A touch switch 526, accompanied by an LED 528, 
is used to set the system to a netronome mode, in which 
it responds to clock pulses, rather than to the beat of the 
music. A touch switch 530 accompanied by an LED 
532 sets the system to a pulse mode in which a strobe 
effect is created. A switch 534 accompanied by an LED 
536 sets the system to a scan mode by which the system 
automatically slowly scans all the switches 510. 
A touch switch 538, accompanied by an LED 540, 

when actuated, manually causes the lamp activation to 
reverse, whereas operation of the switch 542, which is 
accompanied by a LED 544 sets the system to a mode in 
which the light illumination reverses for each beat of 
incoming music. A touch switch 546, accompanied by 
an LED 58 sets the system to a mode in which it re 
sponds to the beat of the music, whereas a touch switch 
550, accompanied by an LED 552 sets the system to a 
mode in which it responds to regularly recurring clock 
signals, rather than to the beat of the music. 
To reiterate, therefore, when none of the lamp con 

trol touch switches are actuated, a single lamp sequence 
of illumination proceeds around the LED monitor ring. 
When the touch switches 510 are operated, two or more 
lamps are activated at the same time, and proceed 
around the ring, the touch switches providing for two, 
four, eight or sixteen lamps, for example, to be ener 
gized. When the sectional control touch switches 518 
are operated, each illumination sequence proceeds for a 
corresponding segment of the ring, and then reverses in 
the next segment. This segment, for example, may be 
one-half, two-quarters, four-eighths, or eight-sixteenths 
of the ring. The switches 522, when operated, provide 
for each of the illumination sequences of the lamps to 
reverse at particular points on the ring, such as one-six 
teenth, one-eighth, one-quarter, one-half or around the 
entire ring. 
When the system is set to metronome mode, the light 

illuminations move back and forth around the ring with 
a metronome effect, and under the control of the clock 
pulses, with the music blocked out of the system. The 
other node controls are as described above. 
The logic circuitry associated with the control panel 

of FG. 9 is shown in F.G. 10. 
The audio input for the circuit shown in the lower 

portion of FIG. 10 is derived from the amplifier circuit 
for the musical source. The incoming audio is applied to 
the primary of an isolation transformer T600 through a 
pair of 500 ohm potentiometers which are controlled by 
the audio level control knob S04 of FIG. 9. The second 
ary of the transformer is connected to ground, and to 
the junction of a 51 ohm resistor R600 and a 39 kilo 
ohm resistor R602 in a 125 cycle active filter 600. The 
output of filter 600 is connected to the input of a phase 
shift circuit 602 which includes three phase shift invert 
ers I600, I602, I604. The phase shift circuit 602 includes 
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a 100 kilo-ohm potentiometer R602 for controlling am 
plitude. and a 1 megohm potentiometer R604 for con 
trolling phase. 
The output of filter 600, together with inverted out 

puts from the phase shifting network 602 are applied to 
a DC summing circuit 604 which is connected to a 20 
kilo-ohm pedestal potentiometer R606. The output of 
the DC summing circuit is connected to a DC high bias 
coupling network 608 which is connected to a low pass 
filter 610 which, in turn, is connected through a high 
pass filter 612 and a further low pass filter 614 to three 
Schmitt inverters included in circuit 616. The upper 
most of the inverters develops a negative-going pulse 
corresponding to each beat of the music represented by 
the incoming audio. The other Schmitt inverters are 
connected to LED 506 which is illuminated with each 
beat. 
The filter 608 is also connected to a saturation detec 

tor circuit 618 which causes LED 508 to be illuminated 
when the system is in a saturation condition and, when 
that occurs, the operator adjusts the potentiometer con 
trol 504 until the LED 508 is extinguished, and the 
LED 506 is illuminated, to indicate the proper audio 
level. 
The system includes a clock oscillator 620, the fre 

quency of which is controlled between, for example, 7 
cycles and 80 cyles per second, by a pair of 2 megohm 
potentimeters 622 and 624 which, in turn, are controlled 
by the knob 502 on the control panel of FIG. 9, The 
clock output from the clock oscillator is applied to an 
inverter I604, the output of which is connected to an 
"or" gate 626. A 30 cycle per second signal is developed 
by a Schmitt trigger oscillator 62, and the resulting 
pulse output from the Schmitt trigger is used to clock a 
counter 630. Counter 630 may be a 14 stage binary 
ripple counter to the type manufactured, for example, 
by RCA and designated CD402OBE. The output of 
counter 630 is applied to a Schmitt trigger 632 whose 
output is applied to an "or" gate 634. 
The output of "or"gate 634 is connected to an "and" 

gate 636 whose output is connected to an "and" gate 
638, to an "or" gate 640, and to an "or" gate 642. "Or" 
gates 642 and 626 are connected to an "and" gate 644 
which, in turn, is connected to a pair of "or" gates 646 
and 648. The "or" gates 646 and 648 are connected to 
the respective down and up terminals of up-down 
counters 650 (counter A) and 652 (counter B). The 
counters constitute a four-stage binary up/down syn 
chronous counter of the type manufactured by RCA 
and marketed under the designation CD40193BE. 
The reverse stop touch switches 522 are connected to 

respective "or" gates 654, 656, 658, 660 and 662, and the 
seven step output of counter 652 is also connected to 
"or" gate 662. The "or" gates 634, 656 and 658 are 
connected to an "and" gate 666, and the "or" gates 660, 
662 and 640 are connected to an "and" gate 668. And" 
gates 666 and 668 are connected to an "and" gate 670 
which, in turn, is connected through an inverter 620 to 
the clock input of a flip-flop. 672. 
The metronome touch switch 526 is connected to 

'or' gate 634, and through an inverter 624 to a second 
"or" gate 676. The pulse touch switch S30 is connected 
through an inverter I630 to "and" gate 638. The reverse 
switch 53 is connected to "and" gate 66, and the beat 
reverse touch switch 642 is connected to "or" gate 640. 
The beat drive touch switch 546 is connected to "or" 
gate 642, and the clock drive switch 550 is connected to 
"or" gate 626. 
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"And" gate 638 is connected trough a 43 kilo-ohm 

resistor R620 to a pulse extender circuit 680. The #1 
and #2 outputs of the up/down counter 650 are con 
nected to a series of block 1-16. The blocks 1-16 in 
clude circuitry such as shown in rectangular 680, and 
each block supplies outputs to four modules controlling 
a corresponding four of the 64 lamps of the ring of FIG. 
1, so that lé blocks are used in the circuit to control the 
64 lamps. In the lead to each power module is an LED 
500 constituting one of the LED's of the monitor ring 
on the control panel of FIG. 9, and a 470 ohm limiting 
resistor. 
The #3 output of counter 650 is introduced to an 

"and" gate 700, and through an inverter I650 to an 
"and" gate 702. The touch switches 512 for the 16 lamp 
control are also connected respectively to the "and" 
gates 700 and 702. Similar connections are made for the 
#4, #5 and #6 outputs of the counters 650 and 652, as 
shown in the upper right-hand corner of FIG. 10. The 
outputs of the "and" gates are connected to an appropri 
ate matrix 702, as shown, which, in turn, is connected to 
the respective blocks 1-16. 
The sectional control switches 520 are also connected 

to an appropriate matrix 704. The outputs of matrix 704 
are designated R, and are introduced to the correspond 
ing blocks, as designated by the numbers on the right 
hand side of the matrix. The outputs of matrix 702 are 
designated E, and are introduced to the various blocks, 
as shown. 

It will be appreciated that although certain embodi 
ments of the system of the invention have been shown 
and described, modifications may be made, and it is 
intended in the claims to cover all modifications which 
come within the true spirit and scope of the invention. 
What is claimed is: 
1. A rapid turn-on control system for selectively ener 

gizing a plurality offilament-type electric lamps includ 
ing: power supply means; a plurality of control modules 
connected to said power supply means for respectively 
energizing respective ones of said lamps; and control 
circuitry connected to said control modules for causing 
the control modules selectively to activate the lamps, 
each of said control modules including: first circuit 
means for supplying a continuous electric current to the 
corresponding lamp within an amplitude sufficient to 
maintain the filament of the lamp in a warm state but 
insufficient to illuminate the lamp, second circuit means 
including switching means responsive to control pulses 
from said control circuitry for selectively introducing a 
power current to the corresponding lamp of sufficient 
intensity to illuminate the lamp, and circuit means 
including switching means responsive to said con 
trol turn-on pulses from said control circuitry for selec 
tively introducing high intensity current pulses to the 
corresponding lamp filament of a high amplitude as 

compared with the amplitude of said power current, 
each of said current pulses being introduced to the lamp 
filament filaments for a limited relatively brief time 
interval; and further circuit means including switching 
means responsive to said control turn-on pulses from said 
control circuitry for selectively introducing power currents 
to the corresponding lamp filaments of an intensity less 
than said high intensity current pulses but of sufficient 
intensity and of a relatively long duration to illuminate 
each lamp for a predetermined time interval 

2. The control system defined in claim 1, in which 
said control circuitry includes clock oscillator means 
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for controlling the production of said control pulses in 
said control circuitry. 

3. The control system defined in claim 1, in which 
said control circuitry includes circuit means responsive 
to a musical beat to control the application of the con 
trol pulses to the control modules. 

4. The control system defined in claim 1, in which 
said power supply means inlcudes voltage regulator 
means to maintain the amplitude of the currents sup 
plied to the corresponding lamp at particular predeter 
mined values. 

5. The control system defined in claim 1, in which 
each of said control modules includes further circuit 
means for controlling the duration of said high current 
pulses to protect the filament of the corresponding 
lamp. 

6. The control system defined in claim 5, in which 
said further circuit means includes a plurality of differ 
ent parallel circuits for causing said high current pulses 
to have a corresponding plurality of different durations, 
and switching means for selectively activating different 
ones of said parallel circuits in accordance with the 
repetition rate of the control pulses from said control 
circuitry. 

7. The control system defined in claim 5, in which 
said further circuit means includes circuitry for continu 
ously varying the duration of each of the high current 
pulses in accordance with the repetition rate of the 
control pulses from said control circuitry. 

8. The control system defined in claim 5, in which 
said further circuit means includes circuitry for terni 
nating each of the high current pulses when the filament 
of the corresponding lamp reaches a particular tempera 
ture level. 

9. The control system defined in claim 1, in which 
said control circuitry includes an audio signal circuit for 
controlling the production of said control pulses in said 
control circuitry in response to a musical beat. 

10. The control system defined in claim 1, in which 
said control circuitry includes circuit means for control 
ling the number, sequence and direction of said control 
pulses produced by said control circuitry, and a plural 
ity of manually operated switches mounted on said 
control panel for operating said circuit means. 

11. The control system defined in claim 1, and which 
includes a control panel having controls thereon for 
controlling the number, sequence and direction of ener 
gization of the electric lamps by the control system. 

12. The control system defined in claim 11, and which 
includes a light monitor for indicating the number, se 
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quence and direction of energization of the electric 
lamps by the system. 

13. The control system defined in claim 11, in which 
said control circuitry includes clock oscillator means 
for controlling the production of said control pulses in 
said clock circuitry, and audio signal circuitry for con 
trolling the production of said control pulses in said 
control circuitry in response to a musical beat, and 
switching circuitry including manually operated 
switches mounted on said control panel for selectively 
connecting said clock oscillator means and said audio 
circuitry into said control circuitry. 

14. A rapid turn-on control module for an electric 
lamp including: first circuit means for supplying a 
continuous electric current to the lamp of an amplitude 
sufficient to maintain the filament of the lamp in a warm 
state but sufficient to illuminate the lamp, second circuit 
means including switching means responsive to control 
turn-on pulses for introducing a power current to the 
lamp of sufficient intensity to illuminate the lamp and 
third circuit means including switching means respon 
sive to said control turn-on pulses for introducing high 
intensity current pulses to the lamp filament of a lim 
ited relatively briefduration and of an amplitude high 
with respect to the amplitude of the power current, 
and fiurther circuit means including switching means re 
sponsive to said control turn-on pulses for introducing 
corresponding power currents to the lamp filament of an 
intensity less than said high current pulses but of sufficient 
intensity and of relatively long duration to illuminate the 
lamp for a predetermined time interwal 

15. The control module defined in claim 14, and 
which includes further circuit means for controlling the 
duration of the high amplitude current pulses to protect 
the filament of the lamp. 

16. The control nodule defined in claim 15, in which 
said further circuit means includes a plurality of differ 
ent parallel circuits for causing said high current pulses 
to have a corresponding plurality of different durations, 
and switching means for selectively activating different 
ones of said parallel circuits in accordance with the 
repetition of the turn-on pulses to the switching means. 

17. The control module defined in claim 15, in which 
said further circuit means includes circuitry for continu 
ously varying the duration of each of the high current 
pulses in accordance with the repetition of the turn-on 
pulses applied to said switching means. 

18. The control nodule defined in claim 15, in which 
said further circuit means includes circuitry for termi 
nating each of the high current pulses when the filament 
of the lamp reaches a particular predetermined tempera 
ture level. 
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