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My invention relates to lighting circuit current regu 
lators, and more particularly to current regulators which 
may be operated locally or from a remote control sta 
tion to supply selected levels of current to the series con 
nected lamps of airport runway and approach lighting 
Systems to control their brightness as required by visi 
bility conditions at the airport. 
These multiple level current regulators have high out 

put voltages when their load circuits are opened. Con 
sequently, protective arrangements have been provided 
for de-energizing these regulators upon interruption of 
Current flow in their load circuits in order to eliminate 
the hazards to personnel and equipment occasioned by 
the presence of these high open circuit voltages. 
When the regulator comprises a constant current trans 

1ating device connected to the load circuit through a 
transformer whose turn ratio is controlled for supplying 
less than full load current values, the open circuit volt 
ages at low current values may be greater than at full 
load current where the voltage is limited by the output 
voltage of the translating device. Furthermore, when 
the constant current translating device is a moving coil 
constant current transformer, surge currents sufficient to 
destroy the lamps in the load circuit may be obtained 
tuntil the coils of the constant current transformer can 
Separate far enough to compensate for light load condi 
tions. 

It is an object of my invention to provide an improved 
multiple level current regulator for reducing open cir 
cuit voltages when supplying load currents that are less 
than the full load current. 

It is also an object of my invention to provide an ar 
rangement for limiting surge currents during the initial 
turn-on period of a multiple level current regulator em 
bodying, as a part thereof, a moving coil constant cur 
rent transformer. . 

It is another object of my invention to provide a mul 
tiple level current regulator having an open circuit voltage 
protective arrangement which requires the current selec 
tor Switch to be turned to its of position for resetting 
it after each operation thereof so that subsequent re 
energization of the regulator will occur under con 
ditions that will protect the lamp load from destructive 
Surge CurrentS. 
The construction and operation of regulators em 

bodying my invention and further objects of my inven 
tion will become apparent from the following descrip 
tion. 
When the desired lower levels of load current are ob 

tained by controlling either the primary or secondary 
turns only of a transformer interposed between the con 
stant current translating device of the regulator and the 
load circuit, a very high voltage is impressed on the load 
circuit when current flow therein is interrupted. This is 
a direct result of the fact that the constant current trans 
lating device is unable to force its constant current 
through the resulting high impedance of the transformer 
and consequently operates at its open circuit voltage 
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which is stepped-up by the ratio of winding turns in the 
transformer to produce a very high open circuit load 
voltage. In accordance with my invention, I control 
both the primary and secondary turns of this transformer 
so that, at the lower levels of load current, less than 
the full number of secondary turns of the transformer 
are used. This can be done because, at the lower lamp 
rightnesses obtained at reduced current levels, lower load 

voltages are also obtained. For example, the resistance 
of an incandescent lamp at one half current flow. there 
through may be almost one half its resistance when full 
load current is supplied thereto. By reducing the Sec 
ondary turns of the transformer, its output voltage is re 
duced; a similar reduction of the number of its pri 
mary turns to secure the desired turn ratio for the de 
sired reduced current output also reduces the impedance 
of the transformer when its secondary circuit is opened 
and consequently more current at lower voltage flows 
in its primary circuit. This is productive of a greater de 
gree of saturation in the core structure of the trans 
former and its voltage per winding turn approaches a 
constant value as saturation of its core is increased. 
Thus, with my arrangement, the voltage applied to the 
load circuit conductors on open circuit is less than that 
obtained by securing current level control by varying 
the turn ratio of the transformer by changing either its 
primary or secondary turns only as has been done in the 
past. 
My improved current regulator also embodies a Surge 

limit circuit which operates to limit the initial flow of 
current to the load circuit to the lowest current level 
of the regulator and, after a pre-determined time delay, 
to supply a higher current level to the load circuit if the 
selector switch has been set for such higher current level. 
An open circuit voltage protector is also provided for 
de-energizing the regulator if current ceases to flow in 
the load circuit. This protector is reset by returning the 
selector switch to its off position so that, after the pro 
tector has operated, the load circuit can only be re-en 
ergized under the conditions above described for pre 
venting in load circuit surges of current which would be 
idestructive to the lamps connected therein. 

For a better understanding of my invention, reference 
is made to the following description of one embodiment 
thereof diagrammatically illustrated in the single figure 
of the accompanying drawing. 

In the arrangement illustrated in the drawing, the pri 
mary winding of a movable coil constant current trans 
former 2 is connected through contacts 3 of a power 
switch 4 to the input terminals 5 of the regulator. The 
secondary winding 6 of the movable coil constant cur 
rent transformer is connected through an auto-trans 
former 7 to the output terminals 8 of the regulator. 
The transformer 7 is an autotransformer having primary 
and secondary terminals, the connection of pairs of which 
determine its winding ratio and the transformation of the 
constant current output of the constant current trans 
former 2 to the current output to be supplied to the 
load circuit. 
The load 9 shown in the drawing comprises a plural 

ity of series connected incandescent lamps of an airport 
runway and approach lighting system. The brightness set 
tings of these lamps is controlled by an adjustment of the 
regulator to maintain desired levels of output current 
which will produce the brightness desired. The lamps may 
be connected directly in the load circuit or connected in the 
load circuit through isolation transformers which will 

70 

insulate the lamps and their fixtures from the high volt 
age of the load circuit. 
A power factor correcting capacitor 10 is connected 

across the primary winding of the constant current 
transformer 2 and current transformers 11 and 2 have 
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their primaries 13 and 14 connected in series with one 
another in the output circuit of the regulator. A control 
power transformer 15 has its primary 16 connected across 
the input terminals 5 of the regulator and its secondary 
winding 17 connected to control power conductors 18 
and 19. 
The winding turn ratio of autotransformer 7 is con 

trolled by a plurality of switches 20, 21, 22, 23, and 24 
having operating windings 25, 26, 27, 28, and 29. Each 
switch is provided with contacts 30 which control the 
number of primary turns of the autotransformer 7 which 
are connected to the output circuit of the constant cur 
rent transformer 2 and contacts 31 which control the 
number of secondary turns of the autotransformer 7 
which are connected to the load circuit terminals 8 of 
the regulator. It will be noted that in the de-energized 
condition of the system, contacts 30 and 3 of relay 20 
are closed and that contacts 39 and 31 of switches 21, 
22, 23, and 24 are open so that upon closure of contacts 
3 of the power switch 4, the regulator will automatically 
supply to the load circuit terminals and the load con 
nected thereto the lowest level of current obtainable 
with the connections provided. 
The operating windings 25-29 of Switches 20-24 are 

respectively in circuit with the control contacts 32 of 
associated relays 33, 34, 35, 36, and 37 having operating 
windings 38, 39, 40, 41, and 42. The operation of a 
selected one of relays 33–37 is determined by the posi 
tion of a selector switch 43 having six banks of contacts 
in each bank of which movable contacts 44, 45, 46, 47, 
43, and 49 engage one of a circular arrangement of fixed 
contacts 50, 51, 52, 53, 54, and 55 depending on the posi 
tion to which the selector switch has been moved by 
operation of a handle 56 which is attached to the shaft 
of the selector switch on which the movable contacts are 
mounted for movement into engagement with the spaced 
and circularly arranged fixed contacts. As has been indi 
cated at the left-hand switch bank of the selector switch, 
its several operating positions have been identified by 
the letters R, O, A, B, C, D, and E; A, B, C, D, and E. 
being positions for setting current levels in the load 
circuit; O, the off position; and R the position for connect 
ing a remote controller 57 to the regulator for operating 
it from a remote location. 

Current is supplied to the operating windings 38-42 of 
relays 33-37 to energize selected ones of these relays in 
positions A, B, C, D, and E of the selector switch 43. 
The circuits of the operating windings of these relays are 
completed from control conductor 19 through contacts 
58 of relay 59, conductors 60, 6, one of the branch 
circuits of conductors 62 connected to contacts 51-55 of 
the selector Switch, one of which is engaged by one of 
the movable contacts 45-49 of this selector switch, and 
one of the conductors 63 to one terminal of the operating 
windings 38-42, the other terminal of which is connected 
through interlocking contacts 64 of these relays and con 
ductors 65 and 66 to the other control power conductor 
18. The interlocking contacts 64 of these relays prevent 
operation of more than one of them at the same time 
and the shorting of winding sections of the autotrans 
former through contacts 30, 3E of two or more of 
switches 21-24 whose operation is controlled by opera 
tion of relays 33-37. In positions A, B, C, D, and E 
of the selector switch 43, its movable contact 44 engages 
one of the fixed contacts 50 which are connected to con 
trol power conductor 19 and completes the energizing 
circuit for the operating winding 67 of the control power 
relay 59 through conductor 68, contacts 69 of relay 70 
and conductors 7, and 72 to control power conductor 
18. Selector switch 43 is so constructed that its movable 
contacts move rapidly from one position to the next so 
that relay 59 is not de-energized for a sufficient length of 
time for it to open its contacts 53 while its movable con 
tact 44 is passing from one position A, B, C, D, or E to 
the next, 
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4. 
Auxiliary relay 70 of the open circuit protector has, in 

addition to its normally closed contacts 69, normally 
closed contacts 73, normally open contacts 74, and an 
operating winding 75. The main relay 76 of the open 
circuit protector, in conjunction with a thermal time de 
lay relay 77, controls the operation of relay 70. Relay 
76 has an operating winding 78 which is connected in 
circuit with a capacitor 79 across the secondary winding 
80 of the current transformer 11. Relay 76 also has 
normally closed contacts 81 connected in circuit with a 
current limiting resistor 82 to one terminal of the heater 
element 83 of relay 77. Relay 77 has a switch element 
84 which opens its normally closed contacts 85 and closes 
its normally open contacts 86 after current flows through 
the heater element 83 for a predetermined length of time. 
Preferably, switch element 84 is so constructed that this 
transfer of circuits occurs rapidly or with a snap action. 
The operating time of this thermal time delay relay is 
from about one to two seconds. The arrangement is such 
that after current ceases to flow in the output circuit of 
the regulator, relay 76 is de-energized and completes the 
energization of thermal time delay relay 77 which, after 
a predetermined time, operates to energize relay 70 which, 
by cpening its contacts 69, de-energizes the control power 
relay 59. This control power relay 59, it will be noted, 
also controls the energization of the operating winding 
87 of power switch 4 by completing a circuit through its 
contacts 58 and conductors 88 and 89 to the control power 
conductors 18 and 19. 
The Surge limit circuit of the controller embodies 

relays 98 and 9i. Relay 90, like the time delay relay 77 
of the open circuit protector, has a switch element 92, a 
heater element 93, normally closed contacts 94, and 
normally open contacts 95. A current limiting resistor 
96 is connected between one terminal of heater element 
93 of relay 90 and the normally closed contacts 97 of 
relay 91 which has an operating winding 98. Relay 91 
also has normally open contacts 99 and 160. The ar 
rangement is such that when control power relay 59 
picks up, the thermal time delay relay 90 is energized 
and, after a predetermined time, closes its contacts 95 
to energize the operating winding 98. of relay 93. Pickup 
of this relay completes, through its contacts 100 and 
conductor 10, the energizing circuit of winding 25 of 
Switch 20 through the normally closed contacts 32 of 
relay 33, conductors 02 and 60, and the contacts 58 
of control power relay 59. Thus, until relay 91 picks 
up, Switch 20 operates to supply the minimum value of 
current to the load circuit. If the selector switch 43 is 
in position A, operating winding 38 of relay 33 will be 
energized and contacts 32 of this relay will be open so 
that pick-up of relay 91 will not energize winding 25 of 
Switch 20. If, however, the selector switch has been 
turned to one of its positions B, C, D, or E for higher 
current values so that one of the relays 34, 35, 36, or 
37 may be energized to close its contacts 32, the selected 
Switch 21, 22, 23, or 24 will also be operated by pick-up 
of relay 91 which will complete the energizing circuit of 
its operating winding 26, 27, 28, or 29 at the same time 
as Winding 25 of Switch 20 is energized. Operation of 
Switch 20 will interrupt the low current setting of the 
regulator and operation of the selected switch 21, 22, 
23, or 24 will complete the desired current setting of the 
regulator after it has operated at the low current setting 
for the one or two seconds determined by thermal time 
delay relay 90. So that the operator might know the 
Value of current being supplied to the load circuit, an 
ammeter 103 is connected to the secondary winding 14 
of current transformer 12. 
The organization of the system will be better under. 

stood by considering the operation thereof which is as 
follows: 

In the drawing, the selector switch 43 has been illus 
trated in its off position and all of the relays and switches 
are in their de-energized positions. Positions A, B, C, 
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D, and E of the selector switch determine current levels 
at which the regulator operates to energize the lamps in 
the load circuit at desired brightness levels. In position 
A, the minimum amount of current is supplied to the 
load and provides the minimum brightness level and in 
each of the positions B, C, and D, the current level is 
progressively increased for operating the lamps at in 
creased brightnesses until in position E, the lamps are 
operated at full brightness with the maximum current 
output of the regulator being supplied to them. In pcsi 
tion E of the selector switch, the output circuit of the 
constant current transformer 2 is connected through con 
tacts 30 and 3A of switch 24 to the output terminals 8 
of the regulator and across the end terminals of the auto 
transformer 7. 

If the selector Switch 43 is operated to position S, to 
cbtain a brightness level of illumination of the oad cir 
cuit lamps which is the next level above the minimum 
brightness level, its movable contacts 44-43 will engage 
contacts 58-55 in the several Switch banks thereof. The 
circuit completed between fixed contact 59 and movable 
contact 44 of the left-hand Switch bank in position B 
will extend from control power conductor 9, through 
these contacts, conductor 58, normally closed contacts 59 
of open circuit protector relay 78, conductors iii, the 
operating winding 67 of control power relay 59, and 
cc.nductor 72 to the other control power conductor 3. 
Control power relay 59 will, consequently, pick-up and 
close its contacts 58 to energize the cperating winding 
87 of power switch 4 through conductors 38 and 89 
from the control power conductors 8 and 29. The 
power switch & will consequently close its contacts 3 
and connect the primary winding 1 of the movable coil 
constant current transformer 2 to its input terminals 5 
which are connected to a suitable source of alternating 
current supply. The closed contacts 35 and 33 of Switch 
20 connect pairs of primary and secondary terminals ef 
the autotransformer 7 to provide a desired winding ratio 
for reducing the output current cf the secondary 6 of 
the constant current transformer 2 to the lowest level 
of current which it is desired to supply through auto 
transformer to the cutput terminals 3 of the regulator. 
This current is supplied through the primaries 3 and 
34 of the current transformers A and 12 and the amount 
of this current may be checked by Cbserving the current 
indication on ammeter 193 which is connected to the 
secondary winding 594 of the current trailsformer 12. 
Current will also flow through the secondary winding 3 
of current transformer E. and thereby energize the 
operating winding 79 of the main relay 76 of the open 
circuit protector which will operate to open its con 
tacts 81. w 

In position B of the selector switch 43, a circuit is also 
completed for operating relay 34 which will prepare the 
energizing circuit of the operating winding 25 of Switch 
21 which circuit will be completed upon operation of 
relay 91 of the surge limit circuit and the closure of its 
contacts 353. The operating circuit for relay 34 extends 
from the control power conductor 19, through contacts 
58 of control power relay 59, conductors 63, 65, and 62, 
contacts 52, 46 of the selector Switch, one of the con 
ductors 63, the operating winding 33 of relay 34, the 
interlocks of relays 38, 4, 4:3, and 42, and conductors 
65 and 66, to the cither control power conductor 13. 
Relay 34 will thus close its control contacts 32 and open 
its interlock contacts so that none of the other relay 
windings 38, 43, 41, or 42 can become energized. The 
closure of control contacts 32 of relay 34 only prepares 
the energizing circuit for operating winding 26 of switch 
21 since this circuit is open at contacts 33 of relay 92, 
This circuit extends from control power conductor 9, 
through contacts 58 of control power relay 39, conduc 
tors' 6ts and 32, control contacts 32 of relay 33, the 
operating winding 26 of switch 23, conductor 389, the 
contacts (G of relay 91, and conductor 35, to the other 
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6 
control power conductor 28, Until relay 93 operates, 
switch 2 will remain in its open position. So that current 
is supplied through the minimum current connection of 
the autotransformer 7 which is established by the closed 
contacts 39 and 31 of switch 20. If in passing to the 
B position, the selector Switch 43 remains for any appre 
ciable time in position A, relay 33 will operate to open 
its control contacts 32 but this will have no effect since 
the operating winding 25 cf Switch 21 is already de 
energized by the open circuit at contacts 8 of relay.91. 
in positicii E of the selector switch 43, relay 33 will be 
de-energized and its control contacts 32 will be closed 
so that switch 21 will operate at the same time as switch 
29 when the energizing circuits of windings 25 and 26 
of these switches are completed by the closure of con 
acts $33 of relay 93. The energizing circuit for winding 
25 of Switch 23 extends from control power conductor 
19, through contacts 58 of control power relay 59, con 
ductors 63 and 62, control contacts 32 of relay 33, the 
cperating winding 25 of switch 2, conductor 19, con 
tacts 55 of relay 95, and conductor 66, to the other 
control power conductor 8. The energizing circuit for 
the winding 26 of Switch 23 has been described above. 

if, for any reason, current does not flow in the out 
it circuit of the regulator so that relay 76 is not operated 

to open its contacts 32, a control circuit of the open 
circuit grotector will be completed from control con 
dictor 39, through contacts 56, 44 of the left-hand Switch 
bank of the selector Switch 43, conductors 68 and 105, 
switch element 84 of thermal time delay relay 77, nor 
inally closed contacts 85 of this relay and its heater ele 
ment 34, current limiting resistor 82, the normally closed 
contacts 3; cf relay 76, the normally closed contacts 
73 of the auxiliary open circuit protector relay 7, and 
conductor ié 3 to the other control power conductor 8. 
If this interruption in current flow persists for the op 
erating time of thermal time delay relay 77, which is 
froin one to two seconds, this relay will operate to open 
its contacts 85 and close its contacts $36. Closure of its 
contacts 3G will complete a circuit from control power 
conductor 9, through contacts 56, 44 of the left-hand 
Switch bank of the selector switch 43, conductors 68 and 
i.e5, Switch element 34 and contacts 86 of relay 77, 
conductor 257, operating winding 75 of relay 70, and 
conductor S65 to the other control power conductor 
53. Relay 78 will thus pick-tip opening its contacts 69 
and 73 and closing its contacts 74. The opening of its 
contacts 65 will de-energize the control power relay 59 
which will open its contacts 58 and thereby de-energize 
the operating winding 37 of the power switch 4 which 
will then open its contacts to de-energize the primary 
winding of the constant current transformer 2. Closure 
of contact 74 of relay 73 completes a holding circuit for 
the operating winding iS of this relay from control 
power conductor i9 through contacts 58, 44 of the left 
hand Switch bank cf selector switch 43, conductors 63 
and 05, contacts 74 of relay 79, conductor 37, operating 
Winding 75 of relay 79, and conductor 166 to the other 
control power conductor 16. Consequently, the open 
circuit protector cannot be reset unless the selector switch 
is placed in its off position in order to interrupt this hold 
ing circuit of relay #3. The opening of contact 73 of 
relay 76 de-energizes the operating circuit of thermal time 
delay relay 77 which will consequently reset closing its 
contacts S5, so as to be in condition for timing another 
time delay period when the regulator is again energized 
and output current flow does not result from Such en 
ergization with the result that relay 76 maintains its con 
tacis Sil closed. 

if in position S of the selector switch current flows 
to the cad circuit, relay 75 will operate to open its nor 
mally. closed contacts 3 and the open circuit protector 
will not operate to disconnect the source of Supply from 
the primary winding of the constant current transformer. 
In this case, as previously stated, the lowest level of cur-. 
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rent flow is supplied to the load circuit by reason of 
the fact that contacts 30 and 31 of switch 29 are closed. 
These contacts 38 and 33 of Switch 23 will remain closed 
and the corresponding contacts 30 and 35 of switch 23. 
will remain open until the operating windings 25 ani 
26 of these switches are energized by the closure of con 
tacts i69 of relay 93 in the surge limiting circuit. Reiay 
9 operates in response to the closure of contacts 58 of 
control power relay 59 after a time delay of one or 
two seconds determined by relay 95 during which time 
the windings of the constant current transforties" aii 
6 will assume their cperating position for the adjusted 
current output of this constant current transformer. 
At the time control power relay SS closed its contacts 

58, it completed an energizing circuit for thermal time 
delay relay 90 from control power condu: ctor 3 throig, 
contacts 58 of control power relay 59, conciuctoi's 53 and 
62, switch element 92 of thermal time delay reiay S8, 
its contacts 94 and heater element 93, current limiting 
resistor 96, the normally closed contacts 97 of relay 95, 
and conductor 58 to control power conductor 13. After 
the time delay period of relay 98, it will open its con 
tacts 94 and close its contacts 95 to complete the en 
ergization of the operating winding 98 of relay 93 from 
control power conductor 89, through contacts 53 of 
control power relay 59, conductors 63 and 61, switch 
element 92 and contacts 95 of relay 90, the oper 
ating winding 98 of relay 9, and conductors 65 
to the other control power conductor 8. Relay 92. 
will, consequently, pick-up opening its contacts 97 and 
closing its contacts 93 and 306. The opening of con 
tacts 37 of this relay permits the thermal time delay 
relay 90 to reset and the closure of its normal open con 
tacts 99 complete a holding circuit for this relay from 
control power conductor 19, through contacts 58 of con 
trol power relay 59, conductor 09, contacts 99 of the 
relay, its operating winding 98 and conductor 66 to the 
other control power conductor 18. The closure of its 
contacts 100 completes the energizing circuit previously 
referred to for the operating windings 25 and 26 of 
switches 28 and 23 which respectively open and close 
their contacts 33 and 3; in order to provide a tural 
ratio in autotransformer 7 which will Supply the de 
sired level of current to load circuit 9 which was deter 
mined by operation of the selector Switch 43 to its B 
position. . 

If, in position B, current ceases to flow to the load 
circuit, the open circuit protector will again operate to de 
energize the regulator in the manner above described and 
the selector switch will have to be placed in its off posi 
tion to rest the open circuit protector and then again 
be moved to position B, if it is desired to continue to 
operate the lamp load at this previously Selected bright 
ness level. 

It will be noted that the brightness levels determined 
by positions B, C, D, and E of the selector switch may 
be changed directly without operating switch 20 in order 
to provide an initial current flow at the minimum cur 
rent value. Once the constant current transformer 2 has 
been operated at one current level, the regulator may be 
set to a different current level without producing de 
structive surge currents in the load circuit. 

In view of the above description of the operation of the 
system with the selector switch in position B, the oper. 
ation of the system is believed to be quite obvious when 
the selector switch is moved to another of the positions 
C, D, or E since in each of these positions, the turn 
ratio of the autotransformer 7 is progressively altered 
so as to provide progressively higher crlower levels of cui 
rent of the load circuit depending on the operation of 
switches 22, 23, or 24 in response to the operating of 
relays 35, 36, or 37. The operating windings 40, 41, or 
42 of these relays are energized through circuits similar to 
the ones previously traced except that the connection is 
completed through contacts 53, 47; 54, 48; or 55, 49 of 
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terminals 20-15 of this remote controller. 

8 
the selector switch instead of the contacts previously 
described in describing the operation of relays 33 and 
34 and the consequent operation of switches 20 and 21. 
The current regulator may be operated from a re 

note location by placing the selector switch 43 in its 
R position and using remote controller 57 or its equiv 
alent. In this position of the selector switch, its movable 
contacts 44-49 engage contacts 53-55 of the Sev 
eral switch banks thereof to complete connections to 
the terminals :19, 111, 112, 13, 114, and 115 of the 
reirote contrier 57. Terminal 110 of this controller is 
connected through a conductor 156 and a switch 117 to 
one conductor of a control power source 118 correspond 
ing to control power conductor 19 of the controller. 
The other control power conductor 129 for this remote 
CC &r i3 connected through conductor 2), terminal 
525 and conductor 122 to the control power conductor 
58 cf the controller, which is illustrated in the drawing 
as grounded. The remote controller preferably has a 
snap actuated switch 23 whose movable contact 124 
engages in positions A, B, C, D, and E contacts which 
are respectively connected through conductors 125 to 

It is thus 
een that with the selector switch 43 in its remote posi 
tion R, the snap switch 23 may be operated to any one 
of its positions A, B, C, D, or E in which its movable 
contact 524 will energize the controller in the same 
manner that the controller was energized by operation of 
the local selector Switch 43 forming a part thereof. 

in the controller above described, it will be noted that 
for each of the current output levels which is less than 
full load, the secondary turns of the autotransformer are 
smaller in number than the total number of secondary 
turns and that in selecting the current levels that both 
the primary and secondary turns of the transformer are 
varied in order to secure the desired current reduction in 
the autotransformer. Less than the total number of sec 
ondary turns with a desired turn ratio of primary and 
secondary windings for the desired lower current levels 
may be used since at the lower lamp brightnesses ob 
tained at reduced current levels, lower load voltages 
are obtained and, in accordance with my invention, I 
make use of this characteristic of the load. Insofar as 
this feature of my invention is concerned, it is quite ob 
vious that other forms of constant current translating de 
vices may be substituted for the movable coil constant 
current transformer above described as forming part of the 
illustrated embodiment thereof. For example, various 
resonant circuits, such as the monocyclic square, may 
be substituted for the moving coil constant current trans 
former. 

It is also obvious that various features of the above 
described embodiment of my invention may be changed 
without departing from the spirit and scope thereof. 
Thus, instead of using the selector switch and switch 
operating relays above described, some equivalent form 
of switch mechanism could be used such as a manually 
or notor operated drum switch. If a motor-operated 
drum switch were employed, suitably interlocked cir 
cuits could be employed for operating the driving motor 
until the drum switch was in a desired position as de 
termined by an auxiliary selector switch. Furthermore, 
a two-winding transformer with primary and secondary 
winding taps may be substituted for autotransformer 7. 
Different forms of open circuit protectors and surge cur 
rent controllers may be substituted for the described 
arrangements. These and other modifications of my 
invention will occur to those skilled in the art and I 
intend to cover in the appended claims all such modifi 
cations as fall within the true spirit and scope of my 
invention. 
What I claim as new and desire to secure by Letters 

Patent of the United States is: 
1. Apparatus for supplying selected current values to 

  



a series connected incandescent lamp lighting circuit 
comprising: a constant current translating device having 
input terminals for connectio to a source of alternating 
potential and output terminals for supplying a substan 
tially constant current; a transformer having a first series 
of connections determining the number of windings in 
its primary circuit and a second series of connections 
determining the number of windings in its secondary cir 
cuit; load circuit terminals for connection to said lighting 
circut; and selective switching means for simultaneously 
connecting predetermined pairs of said first series of coin 
nections in the primary circuit of said transformer across 
the output terminals of said translating device and pre 
determined pairs of said second series of connections in 
the secondary circuit of said transformer across said 
load circuit terminals; the number of winding turns of 
said transformer connected by said switching means 
across said load circuit terminals at each current level 
less than full load current being less than the total num 
ber of secondary circuit winding turns, and the number 
of winding turns of said transformer connected by said 
switching means across said output terminals of said 
translating device at each current level less than full load 
current being less than the total number of said primary 
circuit winding turns. 

2. A current level regulator for a load circuit having 
series connected incandescent lamps therein comprising: 
a moving coil constant current transformer having input 
terminals and output terminals; a current ratio trans 
former having primary and secondary terminals selected 
pairs of which determine its winding, ratio for reducing 
its current output relative to its current input; load cir 
cuit terminals; selective switching means connecting said 
output terminals of said constant current transformer to 
said load circuit terminals through selected pairs of pri 
mary and secondary terminals of said current ratio trans 
former to control the magnitude of current flow to said 
load circuit terminals; a selector switch having a plurai 
ity of operating positions; means including said selector 
Switch for operating said switching means to provide in 
one operating position of said selector switch a minimum 
value of current to said load circuit terminals and in the 
other operating positions of said selector switch selected 
values of current greater than said minimum value of 
current; and surge current limiting means conditioning 
said Switching means to establish said minimum value of 
current to said load circuit terminals for a predetermined 
interval of time following movement of said selector 
Switch to said other operating positions prior to establish 
ing a selected value of current greater than said mini 
mum value. 

3. A brightness control for series connected incandes 
cent lamps comprising: a moving coil constant current 
transformer having input terminals for connection to a 
source of alternating potential and output terminals for 
supplying a substantially constant current; a current ratio 
transformer having primary and secondary terminals, se 
lected pairs of which determine the turn ratio of said 
transformer; load circuit terminals for connection to said 
series connected incandescent lamps; selected Switching 
means connected to complete the connection of said out 
put terminals of said constant current transformer to the 
end terminals of said current ratio transformer and to 
said load circuit terminals for operating said lamps at 
full brightness and connected to complete the connection 
of said output terminals of said constant current trans 
former to said load circuit terminals through less than the 
total number of primary and secondary winding turns of 
said current ratio transformer by respectively connecting 
selected pairs of its said primary and secondary terminals 
to said output terminals of said constant current trans 
former and to said load circuit terminals for operating 
said lamps at reduced brightness, the number of second 
ary winding turns of said current ratio transformer be 
tween said selected pair of secondary terminals being 
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less than the total number of said secondary winding 
turns and in accordance with the lower voltage require 
ments of the load at reduced brightness and the ratio of 
primary to secondary turns of said current ratio trans 
former between said selected pairs of primary and second 
ary terminals being that required for reducing the output 
current of said constant current transformer to a prede 
termined value for operating said lamps at reduced bright 
ness; a current level selector switch having a plurality of 
operating positions; and surge current limiting means in 
cluding said selector switch in one of its operating posi 
tions for operating said switching means to provide a 
minimum value of current to said load circuit terminals 
and including said selector switch in its other operating 
positions for operating said switching means to provide 
selected values of current greater than said minimum 
value of current after minimum current to said load cir 
cuit terminals has been established for a predetermined 
interval of time. 

4. Apparatus for supplying selected current values to a 
series connected incandescent lamp lighting circuit com 
prising: a constant current translating device having in 
put terminals for connection to a source of alternating po 
tential and output terminals for supplying a substantially 
constant current; load circuit terminals for connection to 
said lighting circuit; a variable turn-ratio transformer ar 
ranged to transfer electrical energy from the output ter 
minals of said constant current translating device to said 
load circuit terminals, said transformer having a first 
series of connections determining the number of windings 
in its primary circuit and a second series of connections 
"determining the number of windings in its secondary cir 
cuits; selective switching means cooperating with said 
first and second series of terminals and operatively con 
nected to alter simultaneously the number of turns con 
nected in the primary and secondary circuits of said vari 
able turn-ratio transformer, the number of turns con 
nected in both said primary and secondary circuits being 
respectively fewer at progressively lower preselected light 
ing circuit current levels. 

5. A current level regulator for a load circuit having 
series connected incandescent lamps therein comprising: 
a constant current translating device having input termi 
nals for connection to a source of alternating potential 
and output terminals for supplying a substantially con 
stant current; terminals for connection to said load cir 
cuit; a variable turn-ratio transformer having primary and 
secondary circuit connections arranged to transfer elec 
trical energy from the output terminals of said constant 
current translating device to said load circuit terminals; 
selective switching means operatively connected to alter 
the number of turns connected in the primary circuit of 
said transformer and simultaneously therewith to alter 

55 

60 

65 

70 

5 

the number of turns connected in the secondary circuit of 
said transformer, the number of turns connected in both 
said primary and secondary circuits being respectively 
fewer at progressively lower preselected load circuit cur 
rent levels. 

6. Apparatus for supplying preselected current levels 
to a series connected lighting circuit for filamentary 
lamps comprising: a constant current translating device 
having input terminals for connection to a source of al 
ternating potential and output terminals for supplying a 
substantially constant current; load terminals for connec 
tion to said lighting circuit; a variable turn-ratio trans 
former having a series of input connections and a series 
of output connections for determining the turn ratio of 
windings in its primary and secondary circuits; a series 
of relays, each having an operating winding and a pair of 
electrical switches simultaneously operated thereby, one 
of each pair of switches being connected to make and to 
break circuit connections between said output terminals 
of said constant current translating device and respective 
input connections of said transformer, the other of each 
of said pair of switches being connected to make and to 

  



break circuit connections between said load terminals and 
repective output connections of said transformer; means 
for selectively energizing the operating winding of each 
of said relays to establish preselected turn ratios between 
the windings in the primary and secondary circuits of 
said variable turn-ratio transformer, thereby providing 
preselected current levels in said load circuit, the number 
of turns connected by said switches in the primary and 
secondary circuits of said variable turn ratio transformer 
being respectively fewer at progressively lower preselected 
current levels in said load circuit. 

7. A current level regulator for a load circuit having 
series connected incandescent lamps therein comprising: 
a constant current moving coil transformer having input 
terminals for connection to a source of operating potential 
and output terminals for supplying a constant current; 
load terminals for connection to said load circuit; a vari 
able turn ratio transformer having primary and Secondary 
circuit connections arranged to transfer electrical energy 
from the output terminals of said constant current trans 
former to said load circuit terminals; and means for 
establishing preselected current levels in said load circuit 
including switching means cooperating with the primary 
and secondary circuit connections of said variable turn 
ratic transformer to alter the number of windings in said 
primary circuit and simultaneously therewith to alter the 
number of windings in said secondary circuit, the number 
of winding turns connected in both said primary and sec 
ondary circuits being respectively fewer at progressively 
lower preselected load circuit current levels. 

8. A current level regulator for a load circuit having 
series connected incandescent lamps therein comprising: 
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a constant current moving coil transformer having input 
terminals for connection to a source of operating poten 
tial and output terminals for supplying a constant current; 
load terminals for connection to said load circuit; a vari 
able turn ratio transformer having primary and secondary 
circuit connections arranged to transfer electrical energy 
from the output terminals of said constant current trans 
former to said load circuit terminals; and means for 
establishing preselected current levels in said load circuit 
including switching means cooperating with the primary 
a 2-d Sacondary circuit connections of said variable turn 
ratio transformer to alter the number of windings in said 
primary circuit and simultaneously therewith to alter the 
number of windings in said secondary circuit, the number 
of winding turns connected in both said primary and sec 
ondary circuits being respectively fewer at progressively 
iower preselected load circuit current levels, selective ac 
tuating means effective on actuation io control said 
Switching means to provide a preselected current level 
in Said load circuit, and Surge current limiting means con 
ditioning said switching means to establish a minimum 
current level in said load circuit for a predetermined in 
terval of time following actuation of said actuating means 
prior to establishing a higher preselected current level. 
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