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Andrew Byron Elliott, Jr., River Forest, El., assigner to 
Jefferson Electric Company, Bellwood, Ill., a corpora 
tion of Delaware 

Filed Dec. 17, 1962, Ser. No. 245,227 
7 Claims. (Cl. 315-97) 

This invention relates to a variable power supply for 
gaseous discharge devices, and in particular for ñuorescent 
lamps of the continuously heated îilament type, otherwise 
known as rapid start lamps. 

It has been proposed to control the luminosity of a 
gaseous discharge device by regulating the power supplied 
to the arc by means of a phase control device connected 
in series with the arc. However, such phase control ar 
rangements cannot satisfactorily be applied to a solid 
state circuit due to the irregular voltage wave shape de 
veloped across the control device due to larnp operation, 
which produces discontinuities in the response and con 
sequently results in a jump dimming action. 

It is an object of my invention to provide a solid state 
dimming arrangement which has an exceedingly wide 
range of variation between the points of minimum and 
maximum luminosity. 

Another object of my invention is to provide an ar 
rangement which permit-s smooth dimming, in the sense 
»that sudden jumps in or increments ot luminosity are 
avoided as the cont-rol is operated from dim to bright or 
vice versa. 
According to my invention I provide a solid state phase 

control device in which that which is controlled is the 
sinusoidal voltage of the supply line, thus providing an im 
proved and less costly variable power supply, as compared 
with prior art arrangements. 
Another object of my invention is to provide an im 

proved variable power supply which includes a ballast 
suitable for operating rapid start lamps. 
The characteristic of rapid start lamps is that two 

sources of power are required, one for energizing the 
arc, and one for energizing the filaments. In the usual bal 
last, the arc and the filaments are customarily energized 
from a common primary winding by means of separate 
secondary circuits, the one for energizing the arc being 
known as the operating circuit, and those for energizing 
the ñlarnents 'being known as the filament circuits. 
The present invention provides a supply line type of 

phase control for energizing the arc while at the same 
time the power supplied to the lamp ñlaments is constant. 

Another object is to provide an improved dimming ̀ ar 
rangement which will ignite the lamps at the point of low 
est luminosity. In other words, the lamps do not have to 
be ignited at a point of high luminosity and then the 
control turned down to a low luminosity point. 
A still further object is to provide a variable power sup~ 

ply which is operative for uniformly controlling the lumi 
nosity of a great number of lamps, to the end that a single 
rheostat or dimmer control mechanism can be utilized 
to control all of the ballasts of a particular installation, 
irrespective of whether the ballasts comprise a single 
branch circuit or a number of branch circuits. 
With reference now to the drawings in which like ref 

erence numerals designate like parts: 
FIG. l is a circuit diagram showing a preferred em 

bodiment of my invention; 
FIG. 2 is a circuit diagram showing the bridge con 

nection of the phase control device shown in FIG. 1; 
FIG. 3 shows a modified system; 
FIG. 4 is a diagram of the phase control device of 

FIG. 3; 
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FIG. 5 shows a modified type of phase control device; 

and 
FIG. 6 shows a modiiied arc supply transformer. 
In FIG. 1, leads 1G and 11 are provided for connection 

to a suitable AC source, such as a 60 cycle, 118 volt 
line. Connected in parallel across the leads 10 and 11 are 
a plurality of ballasts 12 for energizing gaseous discharge 
devices 13, such as fluorescent lamps. 

Disposed in series circuit with all ‘of the ballasts 12 is 
a phase control device 14, this being connected in the 
lead 10 ahead of the first ballast 12. 
Each ballast comprises an arc supply transformer 15 

for energizing the lamp 13, and a ñlament transformer 16 
for energizing the lamp filaments. 
The arc supply transformer 15 is a high reactance 

transformer comprising a primary winding 17 and a sec 
ondary winding 18 which are loosely coupled to each 
-other by a suitable core structure. For instance, as dia 
grammatically shown with respect to one of the ballasts, 
the windings 17 and 18 may be mounted in end to end re 
lationship on a winding leg 19 of a suitable core structure 
so as to provide a ilux leakage path therebetween, the 
latter being designated by the conventional symbol 20. 
The primary 17 is connected across the leads 10 and 

11, the transformer having suitable output or secondary 
leads 21 and 22 across which the lamp 13 is connected to 
provide the operating circuit. The windings 17 and 18 
may either be isolated, or connected in autotransformer 
relationship, as shown. 
Thus the primaries 17 are connected in parallel with 

each other across the leads 10 and 11, and in series cir 
cuit with the phase control device 14. 
The iilarnent transformer 16 is a tightly coupled 

transformer comprising a primary winding 23 and two 
secondary windings 24 and 25, which are connected by 
suitable conductors to the ñlament-s 24a and 25a of the 
lamp 13. 
A branch lead 26 is connected at point 27 to the lead 

1li, the point 27 being ahead of the phase control device 
14. The primary windings 23 are each connected Abetween 
the branch lead 26 and the lead 11, all of the primaries 
23 being connected in parallel relationship with each 
other. Thus the iilament transformers 16 are not affected 
by the operation of the phase control device 14. 
As shown in FIG. l, the phase control device 14 com 

prises a bridge network 29 having a rectiñer diode 30 
in each of its lfour legs, and having -a bridge connection 
31 across the midpoint terminals 32 and 33. 
The bridge connection 31 is shown in FIG. 2, and com 

prises an SCR (silicon controlled rectiiier) 34 having a 
gate 35. 
A suitable trigger circuit is provided for the gate 35 

of SCR 34, which includes a relaxation oscillator 36 con 
nected in parallel with a zener diode 37 across junction 
points 38 and 39. A dropping resistor 4t) is connected be 
tween point 38 and the terminal 32, and point 39 is con 
nected to terminal 33. 
The relaxation oscillator 36 includes a unijunction tran 

sistor 41 connected between points 38 and 39 and having 
a base-two 42, a `base-one 43, and an emitter 44. The 
base-one 43 is connected to the lgate 35, and the emitter 
44 is connected to a junction point 45 in an RC charging 
circuit, the latter comprising series resistances 46-47 and 
a capacitor 48. 
The capacitor 48 is charged at -a rate determined by 

the series resistance 46-47. When the emitter bre-ak-over 
voltage is reached, the condenser 48 discharges through 
a resistance 49 which is connected between the ybase-one, 
43 and the junction point 39. Thus, a pulse is -applied to 
the gate 35 which is positive with respect to the cathode 
of the SCR and triggers the SCR into a conductive state. 

ICC 
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As an example of suitable quantities, the Zener 37 
may lbe a 22 volt Zener, and the dropping resistor 40 
may be 18,000 ohms. A 330 ohm resistance 50 is con 
nected between the base-two 42 and the junction point 38. 
The resistance 49 is 47 ohms. Also, -a 10,000 ohm resist 
ance, not shown, may preferably be connected in parallel 
across the Zener 37 to dampen the rate of voltage «build 
up with respect to the reference point 3S. In the RC 
charging circuit, the resistance 46 may be 3000 ohms, 
the resistance 47 may be a 70,000 ohm variable resistance, 
and the condenser 48 is .12 mfd. 

Regulation of the variable resistance 47 controls the 
point in each half cycle at which the SCR 34 switches 
from the blocking to the conducting state, and thus con 
trols the area under the wattage half cycle curve. 

In operation, the power which is supplied to the operat 
ing circuit is controlled by regulation of the variable 
lresistance 47 of the phase control device 14, with the 
result that the luminosity of the lamps 13 may be regu 
lated. Howe-ver, such regulation does not affect the power 
supplied to the lamp filaments 24a and 25a with the 
result that the minimum arc sustaining voltage is not in 
creased over the rated operating voltage of the lamp. 
The arrangement shown has been found to supply ade 

quate voltage in the operating circuit for operating the 
lamps at all degrees of luminosity. Since the power supply 
to the lamp filaments is not reduced »by the operation of 
the phase control device, it is possible to start the lamps 
»at almost the point of lowest luminosity. 
One advantage of placing the phase control device in 

the primary circuit is that lower voltage components can 
be used than when placed in the secondary circuit, thus 
reducing materially the cost of the phase control device. 
A further advantage of the present arrangement is that 

the operation of the trigger means is not adversely affected 
by the irregular voltage wave shape of the operating cir 
cuit for the reason that the trigger circuit draws on the 
line voltage which is substantially sinusoidal. According 
to the FIG. 2 embodiment the supply voltage for the 
trigger circuit is the voltage which is developed across 
the SCR during blocking, land this is the line voltage. 
FIG. 3 shows a multple branch circuit installation, in 

which each of the branch circuits A, B and C are sub 
stantially identical to the circuit of FIG.L 1, except for 
the phase control device 14’. Here the various leads 16 
and 11 are connected to a common pair of supply leads 
8 and 9. 
The phase control device 14', as shown in FIG. 4, is 

a bridge type device similar to that shown in FIG. 1 
having an ̀ SCR 34’ connected across the midpoint termi 
nals 32' and 33’. However, in the FIG. 4 embodiment, 
a single trigger device 52 is provided for all of the SCR’s 
34', the coupling being by means of 4suitable pulse trans 
formers 51. As shown in FIG. 4, the secondary of the 
pulse transformer 51 is connected across the gate 35’ and 
the terminal 33’. The primary of the pulse transformer 51 
is connected to the trigger device S2 by suitable leads 53, 
the various primaries being connected in parallel. 
The trigger device 52 is energized from the common 

supply lead lines 8 and 9, and the connection therewith 
provides suitable means by which the trigger device 52 
is synchronized to the proper phase relationship with 
respect to the supply voltage. Thus all of the branch 
circuits A, B, and C may be controlled by a suitable 
variable resistance located in the trigger device 52. 
A modified form of phase control device 14” is shown 

in FIG. 5. This comprises two SCR’s 55 and 56 connected 
in back to back .relationship and being interposed in the 
lead 10. The gates of the SCR’s 55 and 56 are separately 
triggered by a pulse transformer 57, the two secondaries 
l5S, 59 of which are connected between the gate and 
cathode of each SCR, and the :primary 60 of which may 
be energized by a suitable trigger device 52. 
Although only a single lamp ballast 12 is shown, it will 

be understood that a two or three lamp ballast may be 
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substituted Ltherefor if desired. For example, a suitable 
arc supply transformer 15’ for Va two lamp ballast is 
shown in FIG. 6, in which two secondaries 61 and 62 are 
provided, each being connected in series with the pri 
mary winding 17’ and being in parallel connection with 
each other, and adapted for energizing two lamps, 63 and 
64. 

In some installations, it may be preferred to'provide a 
phase control device 14' for each Iballast 12, in which 
event, the two can be enclosed in a single housing 65, 
as shown with respect to branch circuit C in FIG. 3, vall of 
the combined units being controlled from the common 
trigger device 52. ' 
Although only lprefered embodiments of my invention 

have been shown and described herein, it will be under 
stood that various modifications and changes may be 
made -in the constructions shown without departing from 
the spirit of my invention as pointed out in the appended 
claims. 

I claim: 
1. Variable power supply means for starting and op 

erating a plurality of filament type gaseous discharge de 
vices comprising first and second power leads for making 
a connection to an alternating current source, a plurality 
of ballasts each including a high reactance :arc supply 
transformer and »a filament transformeneach of said high 
reactance arc supply transformers comprising a primary 
winding and a secondary winding, all of said primary 
windings being connected in parallel across said first and 
second power leads, a phase control device connected in 
said first power lead between said primary windings and 
said alternating current source, a branch power lead con 
nected to said first power lead at a point between said 
phase control device and said alternating current source, 
said filament transformers each including a primary wind 
ing and a plurality of secondary windings, the primary 
windings of each of said ñlament transformers being con 
nected in parallel across said branch power lead and said 
second power lead, output lead means for each of said 
arc supply transformers, each of said output lead means 
being connected to the secondary lwindings of its associ 
ated arc supply transformer and having outer ends for 
making a connection across at least one gaseous discharge 
device, and output lead means for each of the secondary 
windings of each of the filament transformers connected 
at one end to said secondary windings, and hav-ing outer 
ends for making a connection with the yfilaments of said 
gaseous discharge devices. 

2. Variable power supply means as claimed in claim- 1 
in which said phase control device comprisesva full wave 
rectifier bridge network providing midpoint terminals, and 
a silicon controlled rectifier connected across said mid 
point terminals, and a trigger device for ?actuating the 
gate of said silicon controlled rectifier. 

3. Variable power supply means as claimed in claim 2 
in which said trigger device is connected across said mid 
point terminals. 

4. Variable power supply means as claimed in claim 2 
in which said trigger device is connected across said ñrst 
and second power leads at a point between said phase 
control device and said alternating'current source. 

5. Variable power supply means as claimed in claim 1 
in which said phase control device comprises Va pair of 
silicon controlled rectifiers connected back to back, and 
trigger means for actuating the gates of said silicon con 
trolled rectifier. 

6. Variable power Vsupply means for starting and oper 
ating a plurality of filament type gaseous discharge de 
vices comprising ñrst and second power leads for making 
a connection to an alternating current source, a plurality 
of ballasts each including a high reactance arc supply 
transformer and a filament transformer, each of said high 
reactance arc supply transformers comprising a primary 
winding and a secondary winding, a phase control device 
for each of said ballasts, means connecting each phase 
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control device in series circuit with its associated primary 
winding and across said first and second power leads, said 
filament transformers each including a primary winding 
and a plurality of secondary windings, the primary wind 
ings of each of said filament transformers lbeing connected 
in parallel across said first and second power leads, out 
put leads means for each of said arc supply transform 
ers, each of said output lead means being connected to 
the secondary winding of its associated arc supply trans 
former and having outer ends for making a connection 
across at least one gaseous discharge device, a pair of 
output leads for each of the secondary windings of each 
of the ñlament transformers, connected at one end to said 
secondary windings, and having outer ends for making a 
connection with the filaments of said gaseous discharge 
devices, a common trigger device having its output con 
nected to each of said phase control devices, and having 
its input connected across said ñrst and second power 
leads. 

7. Variable power supply means for energizing a ñla 
ment type ñuorescent lamp comprising a ballast having a 
first core structure including a winding leg, primary and 
secondary windings mounted on said winding leg in end 
to end relationship, said core structure and windings pro 
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viding a high leakage reactance transformer, and lead 
means for connecting said secondary winding to a lila 
ment type fluorescent lamp, a phase control device, means 
providing a series circuit adapted for energization by a 
source of alternating current and including said primary 
winding and said phase control device, said ballast also 
including a second core structure having a primary Wind 
ing and a plurality of second windings mounted thereon, 
lead means adapted for connecting each secondary wind 
ing to a filament of said fluorescent lamp, and lead means 
for connecting the primary winding of said Íilament trans 
former to said source of alternating current. 
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