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(57) ABSTRACT 
A stage lighting circuit for supplying a dipless signal to 
be connected to a dimmer. The circuit comprises a 
cross-fader, two scene potentiometers, voltage to cur 
rent converting means, and a current to voltage con 
verting means, whereby, in normal cross-fading opera 
tion, a signal which is proportional to the sum of the 
signals on the scene potentiometers is produced, 
thereby avoiding dipping of the signal during cross 
fading. Preferably the circuit also provides means for 
blocking the normal summed signal when the cross 
fader is operated in a "pile-on' mode and producing a 
signal proportional to the higher of the settings on the 
two scene potentiometers. 

10 Claims, 8 Drawing Figures 
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DIPLESS CROSS FADER WITH PILE-ON 

CROSS REFERENCES TO RELATED 
APPICATIONS 

In copending application Ser. No. 370,134 filed by 
the present inventors and owned by the present as 
signee and now allowed, is disclosed a regulated dim 
mer circuit having an especially stable signal shaping 
circuit to convert the incoming signal to the dimmer 
into a signal proportional to the voltage across an in 
candescent lamp which will produce an apparent illum 
ination level approximately linearly proportional to the 
dimmer input signal. Also disclosed is a feedback cir 
cuit which produces a signal proportional to the RMS 
value of the voltage across the lamps being controlled 
and a circuit for comparing this load voltage signal with 
the shaped demand signal. 

BACKGROUND OF THE INVENTION 

Stage lighting systems typically use multiple banks of 
lights and have provisions for controlling these lamps 
from a single control station. Typically several lamps 
are operated together and are controlled from a single 
dimmer. The dimmer controls the power to the lamp 
load as a function of a demand signal. In order to simul 
taneously shift the lighting levels of a number of dim 
mers, there are generally two scene potentiometers for 
each dimmer. While the dimmers are operating from 
the demand signals of one set of scene potentiometers 
the other set of scene potentiometers is preset for the 
demand signals for the lighting levels desired in the 
next scene. At the appropriate time, the cross-fading 
means is used to simultaneously transfer the control of 
all dimmers to this second set of scene potentiometers. 
Once transferred, the first set of scene potentiometers 
can be preset for a following scene and this process of 
switching back and forth between the two sets of scene 
potentiometers is continued to obtain sequential light 
ing levels throughout the production. 
Generally the cross-fading means is a pair of potenti 

ometers which controls the transfer (cross-fading) of 
all dimmers. 
When the cross-fading means is operated, the voltage 

to one set of potentiometers decreases approximately 
linearly with time from full voltage to 0. At the same 
time the voltage on the other set of scene potentiom 
eters increases from 0 up to full voltage. The effects 
can be most readily understood by analyzing this cross 
fading with respect to a single dimmer and the two 
scene potentiometers associated with it. If the cross 
fader is supplying full voltage to (the end terminals of) 
this scene A potentiometer and the wiper of the scene 
A potentiometer is set at 80 percent (of full light de 
mand) and the associated scene B potentiometer is set 
at 60 percent (the voltage on the scene B wiper will be 
0 as the cross-fader is supplying 0 voltage to its end ter 
minals), then the signal to the dimmer will be approxi 
mately 80 percent of full value. This is because the dim 
mer input is connected through diodes to the wipers of 
its scene A and B potentiometers and will receive a sig 
nal which is the higher of the voltages on the two wip 
ers. After cross-fading to the B scene the voltage across 
the scene A potentiometer will be 0, the voltage across 
the scene B potentiometer will be full voltage, and the 
voltage at the wiper of the scene B potentiometer (as 
suming the normal linear potentiometers) will be 60 
percent of full voltage and the signal to the dimmer will 
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2 
be the higher of the voltages on the scene A and scene 
B potentiometer wipers, now 60 percent of full voltage 
(the voltage the wiper of the scene B potentiometer). 
Although this method of cross-fading provides the 

correct lighting level both before and after cross 
fading, an intermediate lighting level which is lower 
than either the scene A lighting level or the scene B 
lighting level occurs during cross-fading. The voltage 
on the wiper (of a linear potentiometer) will be the per 
centage setting times the voltage across the potentiom 
eter. The voltage on the wiper will decrease as the volt 
age across the potentiometer decreases during cross 
fading. Similarly the voltage on the other potentiom 
eter will increase. It can be seen that at the mid-point 
of cross-fading from an 80 percent setting to a 60 per 
cent setting the voltage on both wipers will be one-half 
of the setting on that potentiometer and the higher volt 
age will be (one-half of the 80 percent) 40 percent. 
This of course is lower than either scene level and rep 
resents a dip in lighting level during the transition of 
from one to the other. An extreme case is presented 
when cross-fading between two scenes each of which is 
to have the 100 percent lighting level. Although no 
change in lighting level is desired, the lighting level will 
fall to 50 percent at the mid-point of cross-fading. This 
dip in lighting level during cross-fading is, of course, 
distracting to the viewer. 
When the cross-fader potentiometers can be oper 

ated separately as well as in the normal simultaneous 
mode, an additional scene can be produced by what is 
known as "pile-on.' During pile-on the cross-fader po 
tentiometer handles are operated separately to provide 
full voltage to both the scene A potentiometers and 
scene B potentiometers. As the signals to the dimmers 
will be the higher of the voltages from the scene poten 
tiometers a set of lighting levels which is different from 
either the scene A or the scene B lighting levels is pro 
duced, thus producing an additional set of scene light 
ing levels. 

In addition to the above described potentiometers 
scene master potentiometers are also typically pro 
vided. The scene A master potentiometer, for example, 
can be connected between the cross-fader and a num 
ber of scene A potentiometers and can be used to si 
multaneously reduce the voltage across all of them. 

SUMMARY OF THE INVENTION 

This invention concerns a stage lighting control cir 
cuit arrangement to provide a dipless signal adapted to 
be supplied to a dimmer when cross-fading between se 
quential lighting levels. The dip in signal to the dimmer 
and the resultant dip in light level which occurs in com 
monly used systems is avoided. The circuit converts the 
voltage signals from the scene A and scene B potenti 
ometers into current signals and adds these current sig 
nals to produce a sum of the currents signal and then 
converts the sum of the currents signal into a voltage 
to be supplied to a dimmer. Thus when a cross-fader 
means reduces the voltage across the terminals of one 
scene potentiometer and simultaneously increases the 
voltage across the end terminals of the other scene po 
tentiometer, the signal to the dimmer will change in 
dipless manner. If the cross-fader handles are moved 
essentially linearly with time and the potentiometers 
are linear, the signal to the dimmer will change linearly 
with time, 
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Preferably the circuit arrangement also provides for 
pile-on such that when the cross-fader means is oper 
ated so as to supply full voltage to both scene potenti 
ometers, the normal signal to the dimmer (the signal 
proportional to the sum of the currents) is blocked and 
the higher of the voltage signals from the scene potenti 
ometers is supplied to the dimmer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention can be best understood by reference to 
the following drawings in which: 
FIG. 1 is a graph of apparent lighting level (with re 

spect to cross-fader position) comparing the normal 
fading with dipless fading; 
FIG. 2 is a block diagram illustrating the general in 

terconnections between the elements of the instant in 
vention; 
FIG. 3 is a block diagram indicating how scene mas 

ters, if used, are interconnected in the instant inven 
tion; 
FIG. 4 illustrates preferred configurations for the 

cross-fader means, the scene master, the voltage to cur 
rent converting means, and the current to voltage con 
verting means; 
FIG. 5 illustrates a dipless cross-fader circuit with 

pile-on; 
FIG. 6 illustrates the functional operation of a block 

ing circuit as used in dipless cross-fader with pile-on; 
FIG. 7 illustrates the preferred configuration of the 

blocking circuit of a dipless cross-fader with pile-on; 
and 
FIG. 8 is a schematic of a dipless cross-fader with 

pile-on. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENT 
The graph in FIG. 1 contrasts the dipless cross-fading 

of the instant invention with the normal cross-fading of 
the prior art. Line A represents the voltage on the 
scene A potentiometer and line B represents the volt 
age on the scene B potentiometer. The typical prior art 
circuit supplies the higher of these two voltages (the 
solid portions of lines A and B) to the dimmer. As the 
apparent lighting level is generally proportional to this 
signal level, it can be seen that a significant dip in ap 
parent lighting level is produced during cross-fading 
with this prior art system. In normal operation of the 
circuit of the instant invention (without pile-on) a sig 
nal is produced which is proportional to the sum of the 
voltages on the scene A and scene B potentiometer out 
puts, giving a substantially dipless cross-fading as illus 
trated by line C. 
The block diagram in FIG. 2 illustrates the intercon 

nection of the elements of the dipless cross-fader of the 
instant invention. This stage lighting control circuit ar 
rangement provides the dipless circuit for cross-fading 
between sequential lighting levels. The cross-fader 
means 10 has a first input terminal 12 and a second 
input terminal 14 and has a first output terminal 16, 
second output terminal 18. The first and second input 
terminals 12, 14 are adapted to be connected to a 
power source. While an AC power source can be used 
a moderate level DC source such as a 24 volt DC 
source is preferred. The scene A potentiometer 20 has 
a wiper terminal 22, a first end terminal 24 and a sec 
ond end terminal 26 and a scene B potentiometer 28 
has a wiper terminal 30, first end terminal 32 and a sec 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4. 
ond end terminal 34. The second end terminal 26 of the 
scene A potentiometer 20 is electrically connected to 
the first output terminal 16 of the cross-fader means 
10. The first end terminal 22 of the scene A potentiom 
eter 20 is connected to the input terminal 14 of the 
cross-fader means 10. The second end terminal 34 of 
the scene B potentiometer 28 is electrically connected 
to the second output terminal 18 of the cross-fader 
means 10. The first end terminal 32 of the scene B po 
tentiometer 20 is connected to the second input termi 
nal of the cross-fader means 10. A first voltage to cur 
rent converting means 36 has an input terminal 38 and 
an output terminal 40. The second voltage to current 
converting means has an input terminal 44 and an out 
put terminal 46. The input terminal 38 of the first volt 
age to current converting means 36 is connected to the 
wiper 22 of the scene A potentiometer 20. The input 
terminal 44 of the second voltage to current converting 
means 42 is connected to the wiper 30 of the scene B 
potentiometer 28. The current to voltage converting 
means 48 has an input terminal 50 and an output termi 
nal 52. The input terminal 50 of the current to voltage 
converting means 48 is connected to both the output 
terminal 40 of the first voltage to current converting 
means 36 and to the output terminal 46 of the second 
voltage to current converting means 42. The output 
terminal 52 of the current to voltage converting means 
48 is adapted to be connected to a dimming circuit. As 
the output terminal 52 of the current to voltage con 
verting means 48 has a signal which is proportional to 
the sum of the signals on the wiper terminal 22 of the 
scene A potentiometer 20 and the wiper terminal 30 of 
the scene B potentiometer 28 a dipless signal for cross 
fading between sequential lighting levels is provided for 
the dimming circuit. 

Preferably the cross-fading means 10 consists essen 
tially of two simultaneously operable potentiometers. 
While such potentiometers are simultaneously opera 
ble they may also be operable in a non-simultaneous 
mode (for pile-on, for example, as will be discussed 
hereinafter). Although the simultaneously operable po 
tentiometers are the preferred configuration, other 
cross-fading means such as electronic ramp generating 
circuits, or, in the case of AC power supplied, simulta 
neously operable auto-transformers can be used. 

FIG. 3 illustrates the use of scene masters and notes 
where other scene A and scene B potentiometers would 
typically be connected, as generally one cross-fader 
means together with one scene A master and one scene 
B master is used for a number of dimming circuits and 
each dimming circuit would have its own scene A and 
scene B potentiometers. The scene A master 54 has a 
wiper terminal 56 and a first end terminal 58 and a sec 
ond end terminal 60. The scene B master 62 has a 
wiper 64, a first end terminal 66 and a second end ter 
minal 68. Both scene masters are potentiometers. The 
first end terminal 58 of the scene A master 54 is con 
nected both to the second input terminal 14 of the 
cross-fader means 10 and to the first end terminal 24 
of the scene A potentiometer 20. The second end ter 
minal 60 of the scene A master 54 is connected to the 
first output terminal 16 of the cross-fader means 10. 
The second end terminal 26 of the scene A potentiom 
eter 20 is directly connected to the wiper 56 of the 
scene A master 54 (and, therefore, by conduction 
through the scene A master 54, is electrically con 
nected to the first output terminal 16 of the cross-fader 
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means 10). The first end terminal 66 of the scene B 
master 62 is connected both to the second input termi 
nal 14 of the cross-fader means 10 and to the first end 
terminal 32 of the scene B potentiometer 28. The sec 
ond end terminal 68 of the scene B master 62 is con 
nected to the second output terminal 18 of the cross 
fader means 10. The second end terminal 34 of the 
scene B potentiometer 28 is directly connected to the 
wiper 64 of the scene B master 62 (and, by conduction 
through the scene B master 62 thereby electrically con 
nected to the second output terminal 18 of the cross 
fader means 10). The use of the scene masters, al 
though customary, it is not necessary to the operation 
of the instant invention. 
FIG. 4 illustrates a particular configuration of a dip 

less cross-fading circuit. In the particular illustration 
the circuit is adapted to be connected to a DC power 
source with the second input terminal 14 of the cross 
fader means 10 being adapted to be connected to the 
positive potential. It will be apparent to one skilled in 
the art that the same mode of operation can be ob 
tained, for example, be reversing the polarity of the 
power sources and changing NPN transistors to PNP 
transistors and the PNP transistors to NPN transistors. 
FIG. 4 also illustrates the configuration of simulta 

neously operable potentiometers in a cross-fader 
means 10. In a normal cross-fading both wipers might 
be at the upper end of the cross-fader potentiometers, 
for example, and then simultaneously be moved down 
ward until at the end of the cross-fading operation both 
cross-fader potentiometer wipers were at the lower end 
of the cross-fader potentiometers. In the following 
cross-fading operation the wipers would then be moved 
simultaneously upward. 
FIG. 4 also illustrates the use of emitter follower cir 

cuits for the first and second voltage to current con 
verting means 36, 42. Although a particular emitter foll 
lower circuit is illustrated, alternate emitter follower 
circuits which are obvious to one skilled in the art can 
also be used. In the illustrated configuration the first 
voltage to current converting means 36 comprises a 
first resistor 70 having a first terminal 72 and a second 
terminal 74, and a first transistor 76 having an emitter 
78, a collector 80 and a base 82. The first terminal 72 
of the first resistor 70 is connected to the second input 
terminal of the cross-fader means 10. The second ter 
minal 74 of the first resistor 70 is connected to the 
emitter 78 of the first transistor 76. The base 82 of the 
first transistor 76 is connected to the input terminal 38 
of the first voltage to current converting means 36. The 
collector 80 of the first transistor 76 is connected to the 
output terminal 40 of the first voltage to current con 
verting means 36. The second voltage to converting 
means 42 comprises a second resistor 84 having a first 
terminal 86 and a second terminal 88, and a second 
transistor 90 having an emitter 92, a collector 94 and 
a base 96. The first terminal 86 of the second resistor 
84 is connected to the second input terminal 14 of the 
cross-fader means 10. The second terminal 88 of the 
second resistor 84 is connected to the emitter 92 of the 
second transistor 90. The base 96 of the second voltage 
to current converting means 42. The collector 94 of the 
second transistor 90 is connected to the output termi 
nal 46 of the second voltage to current converting 
means 42. The first transistor 76 and second transistor 
90 are PNP transistors when the second input terminal 
14 of the cross-fader means 10 is a positive terminal 
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6 
and are NPN transistors when the second input termi 
nal 14 of the cross-fader means 10 is a negative termi 
nal. 
FIG. 4 also illustrates a particular configuration of 

the current to voltage converting means 48. Equivalent 
current to voltage converting means are known in the 
art, but the illustrated configuration is preferred. This 
current to voltage converting means comprises a third 
resistor 98 having a first terminal 100 and a second ter 
minal 102, a third transistor 104 having an emitter 106, 
a collector 108 and a base 1 0, and a fourth transistor 
having an emitter 114, a collector 116 and a base 1 18. 
The first terminal 100 of the third resistor 98 is con 
nected to the second input terminal 14 of the cross 
fader means 10. The second terminal 102 of the third 
resistor 98 is connected to the collector 108 of the third 
transistor 104 and also to the output terminal 52 of the 
current to voltage converting means 48. The base 110 
of the third transistor 104 is connected to the collector 
116 and also to the base 118 of the fourth transistor 
112 and also to the input terminal 50 of the current to 
voltage converting means 58. The emitter 106 of the 
third transistor 104 is connected to the emitter 114 of 
the fourth transistor 112 and also to the first input ter 
minal 12 of the cross-fader means 10. The third and 
fourth transistors are NPN transistors when the second 
input 14 of the cross-fader means 10 is a positive termi 
nal and are PNP transistors when the second input ter 
minal 14 of the cross-fader means 10 is a negative ter 
minal. 
FIG. 5 is a block diagram of a dipless cross-fader cir 

cuit having pile-on capability. The input to the current 
to voltage converting means 48 is blocked during pile 
on operation and the output signal adapted to be sup 
plied to the dimming circuit is supplied through the 
pile-on signal circuit 120. The pile-on signal circuit 120 
has a first input terminal 122, a second input terminal 
124 and an output terminal 126. The blocking circuit 
128 has a first input terminal 130 a second input termi 
nal 132 and an output terminal 134. The first input ter 
minal 130 of the blocking circuit 128 is connected to 
the first output terminal 16 of the cross-fader means 
10. The second input terminal 132 of the blocking cir 
cuit 128 is connected to the second output terminal 18 
of the cross-fader means 10. The output terminal 134 
of the blocking circuit 128 is connected to the input 
terminal 50 of the current to voltage converting means 
48. The first terminal 122 of the pile-on signal circuit 
120 is connected to the wiper 22 of the scene A poten 
tiometer 20 (which is also connected to the input ter 
minal 38 of the first voltage to current converting 
means 36). The second input terminal 124 of the pile 
on signal circuit 120 is connected to the wiper 30 of the 
scene B potentiometer 28 (which is also connected to 
the input terminal 44 of the second voltage to current 
converting means 42. The output terminal 126 of said 
pile-on signal circuit 120 is electrically connected to 
the output terminal 52 of the current to voltage con 
verting means 48. If the cross-fader means 10 is oper 
ated in the non-simultaneous pile-on mode, full poten 
tial is applied to both output terminals 16, 18 of the 
cross-fader means 10. The blocking circuit 128, being 
connected to both output terminals 16, 18 of the cross 
fader means 10 senses the pile-on condition and causes 
the current to voltage converting means 48 to go into 
an effectively dormant state. The signal at the terminal 
to be connected to the dimming circuit (the common 
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connection of the output terminal 52 of the current to 
voltage converting means 48 and the output terminal 
126 of the pile-on signal circuit 120) will be the signal 
at the output terminal 126 of the pile-on signal circuit 
120. The pile-on signal circuit 120 is such that this sig 
nal will be the higher of the voltages on the wipers 22, 
30 of the scene. A and scene B potentiometers 20, 28. 
As illustrated in FIG. 6, a preferred arrangement for 

the blocking circuit 128 is where the blocking circuit 
128 comprises a third voltage to current converting 
means 136 having an input terminal 138 and an output 
terminal 140, a fourth voltage to current converting 
means 142 having an input terminal 144 and an output 
terminal 146, a current comparing means 148 having 
a first input terminal 150, a second input terminal 152 
and an output terminal 154, and a fifth transistor hav 
ing an emitter 158, a collector 160 and a base 162. The 
input terminal 138 of the third voltage to current con 
verting means 136 is connected to the first input termi 
nal 130 of the blocking circuit 128. The output termi 
nals of the third and fourth voltage to current convert 
ing means 140, 146 are connected to the first inputter 
minal 150 of the current comparing means 148. The 
input terminal 144 of the fourth voltage to current con 
verting means 142 is connected to the second inputter 
minal 132 of the blocking circuit 128. The second input 
terminal 152 of the current comparing means 148 is 
connected to the second input terminal 14 of the cross 
fader means 10. The output terminal 154 of the current 
comparing means 148 is electrically connected to the 
base 162 of the fifth transistor 156. The collector 158 
of the fifth transistor 156 is connected to the output 
terminal 134 of the blocking circuit 128. The emitter 
of the fifth transistor 156 is connected to the first input 
terminal 12 of the cross-fader means 10. The operation 
of this circuitry is such that the fifth transistor 156 is 
caused to conduct and effectively short out the signal 
to the current to voltage converting means 48 when the 
sum of the voltages on the first and second output ter 
minals 16, 18 of the cross-fader means 10 is signifi 
cantly greater than the voltage between the first and 
second input terminals 12 and 14 of the cross-fader 
means 10. In normal operation (with the handles of the 
cross-fader means 10 operated simultaneously) the 
voltage on one of the output terminals of the cross 
fader means 10 decreases while the voltage on the sec 
ond terminal increases and the sum of these voltages is 
approximately equal to the input (power source) volt 
age. When the cross-fader means 10 is operated in the 
pile-on mode, however, the handles are operated non 
simultaneously so as to put approximately full input 
voltage on both output terminals. The third and fourth 
voltage to current converters 136, 142 thus produces 
currents the sum of which is substantially greater than 
the sum of the currents which they produce during nor 
mal operation (approximately twice the normal sum). 
The circuit arrangement is such that a reference cur 
rent slightly greater than the normal current from the 
sum of the currents of the third and fourth voltage to 
current converting means 136, 142 flows into the sec 
ond input terminal 152 of the current comparing means 
158 (typically about 110 percent of the normal cur 
rent). By comparison of these two currents the pile-on 
condition can be detected and the fifth transistor 156 
can be made to turn on and effectively short out the sig 
nal on the input terminal 50 to the current to voltage 
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8 
converting means 48 whenever the sum of the current 
exceeds the reference current. 
FIG. 7 illustrates a preferred configuration for the 

blocking circuit 128 and for the current comparing 
means 148 and for the third and fourth voltage to cur 
rent converting means 136, 142 as used therein. The 
current comparing means 148 has a sixth transistor 164 
having an emitter 166, a base 168 and a collector 170 
and a seventh transistor 172 having an emitter 174, a 
base 176 and a collector 178, a fourth resistor 180 hav 
ing a first terminal 182 and a second terminal 84. The 
first terminal 182 of the fourth resistor 180 is con 
nected to the collector 178 of the seventh transistor 
172 and also to the output terminal 154 of the current 
comparing means 148. The second terminal 184 of the 
fourth resistor 180 is connected to the second inputter 
minal 152 of the current comparing means 148. The 
collector 170 and the base 168 of the sixth transistor 
164 and also the base 176 of the seventh transistor 172 
are connected to the input terminal 150 of the current 
comparing means 148. The emitters 166, 174 of the 
sixth and seventh transistors 164, 172 are connected to 
the first input terminal 2 of the cross-fader means 10. 
FIG. 7 also illustrates a preferred configuration for 

the third and fourth voltage to current converting 
means 136, 142. The third voltage to current convert 
ing means 136 has a fifth resistor 192 having a first ter 
minal 200 and a second terminal 202 and an eighth 
transistor 204 having an emitter 206, a base 208 and a 
collector 210. The fourth voltage to current converting 
means 142 has a sixth resistor 212 having a first termi 
nal 214 and a second terminal 216 and a ninth transis 
tor 218 having an emitter 220, a base 222 and a collec 
tor 224. The first terminal of the fifth and sixth resistors 
200,214 are connected to the second input terminal 14 
of the cross-fader means 10. The second terminal 202 
of the fifth resistor 192 is connected to the emitter 206 
of the eighth transistor 204. The second terminal 216 
of the sixth resistor 212 is connected to the emitter 220 
of the ninth transistor 218. The base 208 of the eighth 
transistor 204 is connected to the input terminal 138 of 
the third voltage to current converting means 136. The 
base 222 of the ninth transistor 218 is connected to the 
input terminal 144 of the fourth voltage to current con 
verting means 142. The collector 210 of the eighth 
transistor 204 is connected to the output terminal 140 
of the third voltage to current converting means 136. 
It will be noted that the first, second, third and fourth 
voltage to current converting means 36, 42, 136, 142 
can have the same configuration and thereby provide 
a degree of standardization during fabrication. It will 
also be noted that the current comparing means 148 
has only minor additions to the circuitry of the current 
to voltage converting means 48 and again fabrication 
is thereby made more convenient. Voltage to current 
converting means and current comparing means are 
known in the art and alternate configurations can be 
substituted. The blocking circuit adds two currents 
which are proportional to the voltage of the output of 
the cross-fader means 10 and compares the sum to a 
current which is proportional to the input voltage (or 
slightly greater, for example 1 10 percent) and will pro 
duce a signal to turn on the fifth transistor 156 when 
the sum of the current exceeds this reference current. 
Here an additional transistor is interposed, the addi 
tional transistor normally conducting but being turned 
off (not conducting) during pile-on when the sum of 
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the currents exceeds the reference current. The fifth 
transistor is normally off (as the additional transistor is 
on) and is turned on during pile-on (as the additional 
transistor is turned off). The fifth transistor 156, when 
on, effectively shorts out the input current to the cur 
rent to voltage converting means 48. 

It will be apparent that alternate means of blocking 
the signal proportional to the sum of the currents can 
he used. The signal can be blocked, for example, by 
shorting out the output of the current to voltage con 
verting means and providing a diode to prevent short 
ing out of the signal from the blocking circuit. 
FIG. 7 also illustrates a preferred configuration of the 

pile-on signal circuit 120. The pile-on signal circuit 120 
has a first diode 226 having a first terminal 228 and a 
second terminal 230, and a second diode 232 having a 
first terminal 234 and a second terminal 236. The ter 
minal 228 of the first diode 226 is connected to the first 
input terminal 122 of the pile-on signal circuit 120. The 
first terminal 234 of the second diode 232 is connected 
to the second input terminal 124 of the pile-on signal 
circuit 120. The second terminal of both the first and 
second diodes 230, 236 are connected to the output 
terminal 126 of the pile-on signal circuit 120. The first 
terminals 228, 234 of the first and second diodes 226, 
232 are cathodes when the first input terminal 12 of the 
cross-fader means 10 is a negative terminal and are re 
versed (i.e., the first terminals 228, 334 are anodes) 
when the first input terminal 12 of the cross-fader 
means 10 is a positive terminal. 
FIG. 8 is a schematic of one configuration of a dipless 

cross-fader with pile-on which operates in accordance 
with the foregoing description. While the invention has 
been explained by describing a particular embodiment 
thereof, it will be apparent to those skilled in the art 
that modifications such as substituting operational am 
plifiers for emitter follower amplifiers or adders, may 
be made without departing from the scope of the inven 
tion. 
We claim: 
1. Apparatus for providing a dipless signal adapted to 

be connected to a stage-lighting dimmer when cross 
fading between sequential lighting levels, said appara 
tus comprising: 

a. a current to voltage converting means having an 
output adapted to be connected to a dimming cir 
cuit; 

b. a first and a second voltage to current converting 
means with current outputs connected together to 
feed the sum of the currents into said current to 
voltage converting means; 

c. scene A and scene B potentiometers each having 
two end terminals and a wiper, said wiper of said 
scene A potentiometer being connected to feed a 
voltage to said first voltage to current converting 
means and said wiper of said scene B potentiom 
eter being connected to feed a voltage to said sec 
ond voltage to current converting means; and 

d. a cross-fader means operable to reduce the voltage 
across the end terminals of one scene potentiom 
eter and simultaneously increase the voltage across 
the end terminals of the other scene potentiometer, 
whereby in normal cross-fading operation, a signal 
which is proportional to the sum of the voltages on 
the two scene potentiometers is produced, thereby 
avoiding dipping of the signal to the dimmer during 
cross-fading. 
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2. The apparatus of claim 1, wherein a blocking cir 

cuit and a pile-on signal circuit are included, said 
blocking circuit monitoring the voltages across the end 
terminals of said scene potentiometers and, whenever 
the sum of the voltages across the end terminals of said 
scene potentiometers exceeds predetermined value, 
operating to cause the output of said current to voltage 
correcting means to be essential 0, and said pile-on sig 
nal circuit connected to cause said signal adapted to be 
connected to a dimmer to be the highest of the voltages 
on the wiper of said scene A potentiometer, on the 
wiper of said scene B potentiometer, and on the output 
of said current to voltage converting means, whereby 
when the cross-fader means is operated so as to supply 
full voltage to both scene potentiometers, the signal 
proportional to the sum of the currents is blocked and 
the higher of the voltage signals from the scene potenti 
ometers is supplied to the dimmer. 

3. A stage lighting control circuit arrangement to 
provide a dipless signal for cross-fading between se 
quential lighting levels, said circuit arrangement com 
prising: 

a. a cross-fader means having first and second input 
terminals and first and second output terminals, 
said first and second input terminals being adapted 
to be connected to a power source; 

b. scene A and scene B potentiometers, each having 
a wiper terminal and a first and a second end termi 
nal, said second end terminal of said scene A po 
tentiometer being electrically connected to said 
first output terminal of said cross-fader means, said 
first end terminal of said scene A potentiometer 
being connected to said second input terminal of 
said cross-fader means, said second end terminal of 
said scene B potentiometer being electrically con 
nected to said second output terminal of said cross 
fader means, and said first end terminal of said 
scene B potentiometer being connected to said sec 
ond input terminal of said cross-fader means; 

c. first and second voltage to current converting 
means, each having an input and an output termi 
nal, said input terminal of said first voltage to cur 
rent converting means being connected to said 
wiper of said scene A potentiometer, and said input 
terminal of said second voltage to current convert 
ing means being connected to said wiper of said 
scene B potentiometer; and 

d. a current to voltage converting means having an 
input terminal and an output terminal, said current 
to voltage converting means input terminal being 
connected both to said output terminal of said first 
voltage to current converting means and to said 
output terminal of said second voltage to current 
converting means, and said current to voltage con 
verting means output terminal being adapted to be 
connected to a dimming circuit, whereby a dipless 
signal for cross-fading between sequential lighting 
levels is provided for said dimming circuit. 

4. The circuit arrangement of claim 3, wherein said 
cross-fader means consists essentially of two simulta 
neously operable potentiometers. 

5. The circuit arrangement of claim 3, wherein scene 
A and scene B masters, each master being a potentiom 
eter and each master having a first and second end ter 
minal and a wiper, are included: 

a. said first end terminal of said scene A master being 
connected both to said second input terminal of 
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said cross-fader means and to said first end termi 
nal of said scene A potentiometer, said second end 
terminal of said scene A master being connected to 
said first output terminal of said cross-fader means 
and said second end terminal of said scene A po 
tentiometer being electrically connected to said 
first output terminal of said cross-fader means by 
conduction through said scene A master by being 
directly connected to said wiper of said scene A 
master; and 

b. said first end terminal of said scene B master being 
connected both to said second input terminal of 
said cross-fader means and to said first end termi 
nal of said scene B potentiometer, said second end 
terminal of said scene B master being connected to 
said second output terminal of said cross-fader 
means, and said second end terminal of said scene 
B potentiometer being electrically connected to 
said second output terminal of said cross-fader 
means by conduction through said scene B master 
by being directly connected to said wiper of said 
scene B master. 

6. The circuit arrangement of claim 5, wherein said 
first and second voltage to current converting means 
each consist essentially of an emitter follower circuit. 

7. The circuit arrangement of claim 6, wherein 
a said first voltage to current converting means com 

prises a first resistor having a first and second ter 
minal and a first transistor having an emitter, a col 
lector and a base, said first terminal of said first re 
sistor being connected to said second input termi 
nal of said cross-fader means, said second terminal 
of said first resistor being connected to said emitter 
of said first transistor, said base of said first transis 
tor being connected to said input terminal of said 
first voltage to current converting means, and said 
collector of said first transistor being connected to 
said output terminal of said first voltage to current 
converting means; and 

b. said second voltage to current converting means 
comprises a second resistor having a first and a sec 
ond terminal and a second transistor having a base, 
an emitter, and a collector, said first terminal of 
said second resistor being connected to said second 
input terminal of said cross-fader means, said sec 
ond terminal of said second resistor being con 
nected to said emitter of said second transistor, 
said base of said second transistor being connected 
to said input terminal of said second voltage to cur 
rent converting means, and said collector of said 
second transistor being connected to said output 
terminal of said second voltage to current convert 
ing means, said first and second transistors being 
PNP transistors when said second input terminal of 
said cross-fader means is a positive terminal, and 
being NPN transistors when said second input ter 
minal of said cross-fader means is a negative termi 
nal. 

8. The circuit arrangement of claim 7, wherein said 
current to voltage converting means comprises a third 
resistor, a third transistor and a fourth transistor, said 
third resistor having a first terminal and a second termi 
nal, and each of said third and fourth transistors having 
an emitter, a base, and a collector, said first terminal of 
said third resistor being connected to said second input 
terminal of said cross-fader means, said second termi 
nal of said third resistor being connected to said collec 
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12 
tor of said third transistor and to said output terminal 
of said current to voltage converting means, said base 
of said third transistor being connected to said collec 
tor and said base of said fourth transistor and to said 
input terminal of said current to voltage converting 
means, and said emitter of said third transistor being 
connected to said emitter of said fourth transistor and 
to said first input terminal of said cross-fader means, 
said third and fourth transistors being NPN transistors 
when said second input terminal of said cross-fader 
means is a positive terminal and being PNP transistors 
when said second input terminal of said cross-fader 
means is a negative terminal. 

9. The circuit arrangement of claim 6, wherein a 
blocking circuit having first and second input terminals 
and an output terminal, and a pile-on signal circuit hav 
ing first and second input terminals and an output ter 
minal are included, said first input terminal of said 
blocking circuit being connected to said first output 
terminal of said cross-fader means, said second input 
terminal of said blocking circuit being connected to 
said second output terminal of said cross-fader means, 
said output terminal of said blocking circuit being con 
nected to said input terminal of said current to voltage 
converting means, said first input terminal of said pile 
on signal circuit being connected to said wiper of said 
scene A potentiometer, said second input terminal of 
said pile-on signal circuit being connected to said wiper 
of said scene B potentiometer, and said output terminal 
of said pile-on signal circuit being connected to said 
output terminal of said current to voltage converting 
means, whereby when said cross-fader means is oper 
ated in a non-simultaneous mode such that full poten 
tial is applied to both output terminals of said cross 
fader means, said blocking circuit causes said current 
to voltage converting means to go into an effectively 
dormant state and the signal at the terminal to be con 
nected to the dimming circuit to be the signal at the 
output terminal of said pile-on signal circuit, and this 
signal will be the higher of the voltages of the wipers of 
said scene A and scene B potentiometers. 

10. The circuit arrangement of claim 9, wherein said 
blocking circuit consists essentially of a third and a 
fourth voltage to current converting means, each hav 
ing an input and an output terminal, a current compar 
ing means having a first and a second input terminals 
and an output terminal, and a fifth transistor having a 
base, an emitter, and a collector, said input terminal of 
said third voltage to current converting means being 
connected to said first input terminal of said blocking 
circuit, both said output terminals of said third and 
fourth voltage to current converting means being con 
nected to said first input terminal of said current com 
paring means, said input terminal of said fourth voltage 
to current converting means being connected to said 
second input terminal of said blocking circuit, said sec 
ond input terminal of said current comparing means 
being connected to said second input terminal of said 
cross-fader means, said output terminal of said current 
comparing means being electrically connected to said 
base of said fifth transistor, said collector of said fifth 
transistor being connected to said output terminal of 
said blocking circuit, and said emitter of said fifth tran 
sistor is connected to said first input terminal of said 
cross-fader means, whereby said fifth transistor is 
caused to conduct and effectively short out the signal 
to said current to voltage converting means when the 
sum of the voltages on said first and second output ter 
minals of said cross-fader means is significantly greater 
than the voltage between said first and second input 
terminals of said cross-fader means. 
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