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11571 3 ABSTRACT 
A combined capacitor-inductor reactor ,formed by 
spaced-apart layers of insulation and conductive foil 
rolled together around a core member to form a com 
bined capacitor-inductor reactor. By connecting the 
input supply terminals to two different points on the 
same conductive foil and deriving the output from 
across a portion of the second foil which is coexten 
sive with the part of the ?rst 'coil intermediate the 
input terminals, the structure will exhibit capacitor 
connected transformer characteristics suitable for use 
as a ?uorescent lamp starting and ballast circuit. 

6 Claims, 6 Drawing Figures 
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1 
COMBINED CAPACITOR-INDUCTOR REACTOR 

‘ DEVICE HAVING TRANSFORMER ' 

CHARACTERISTICS - 

' This is a continuation of application Ser. No. 40,272,‘ 
?led May 25, 1970,‘ now abandoned. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention . 
This invention relates to an improved, combined 

capacitor-inductor reactor structure. 
" More particularly, the invention ‘relates to anim 
proved, combined capacitor-inductor reactor structure 
that exhibits capacitor connected transformer charac 
teristics, andissuitable for use as a ?uorescent lamp 
starting and ballast circuit having improved,‘ sound 
deadening and heat distribution properties. . 

- 2.>Description of the Prior Art 
U. S. 'Pat. No. 2,521,513 — Gray —- Stationary In 

. duction Apparatus, issued Sept. 5, 1950, discloses a 
number of different known constructions for combined 
capacitor-inductor reactor devices. These known 
devices, while suitable for a number of electrical appli 
cations, have not proven entirely satisfactory for cer 
tain uses because of their operating characteristics. The 
present invention makes available an improved, com 
bined capacitor-inductor reactor device having capaci 
tor connected transformer vcharacteristics, and is 
ideally suited for use as a starting and ballast circuit for 
?uorescent lamps. 

SUMMARY OF THE INVENTION 
It is therefore a primary object of the invention to 

provide a new and improved combined capacitor-in 
ductor reactor structure‘. , 

Another object of the invention is to provide such a 
structure which exhibits capacitor connected trans 
former characteristics and is suitable for use as a start 
ing andv ballast circuit for fluorescent lamps. ' 
A still further object of the invention is the provision 

of a combined capacitor-inductor reactor ‘structure 
having» improved starting characteristics as well as im 
proved sound deadening and heat distribution proper 
ties. , . ~ 

In practicing the invention a combined capacitor-in 
ductor reactor device is provided which is of the type 
including at least ?rst and second, spaced-apart, tape 
like conductive foils having intervening layers of elec 
trical insulation rolled together to form a combined 
capacitor-inductor reactor. The improvement com 
prises ?rst terminal means connected to a point on one 
of the conducting foils and second terminal means con 
nected to a different point on the same conductive foil 
with third and fourth terminal means being connected 
across at least a portion of the second conductive foil 
that is coextensive with the portionvof the ?rst conduc 
tive foil intermediate the ?rst. and second terminal 
points. The point of connection of the first terminal 
means preferably is at one end of the ?rst conductive 
foil with the second terminal means being connected at 
some point intermediate the length of the first conduc 

' tive foil. The third and fourth terminal means are con 
nected preferably across the respective ends of the 
second conductive foil in a manner such that the 
capacitor~inductor reactor device operates as a trans 
former having a ?xed capacitor serially connected with 
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its secondary winding. The turns ratio of this trans 
former is determined by the relative lengths of the ?rst 
and second conductive foils intermediate the ?rst and 
second terminal means and the third and fourth ter 
minal means, respectively. 

Preferably, the combined capacitor-inductor reactor 
device includes a magnetically permeable core member 
which is surrounded by the rolled turns of the tape—like 
conductive foils and intervening layers of electrical in 
sulation. This entire structure including the core 
member then preferably is enclosed in a suitable liquidv 
tight metal case providing electrical insulated terminal 
connections to the respective ?rst through fourth ter 
minal means, and the rolled conductive foils and inter- ‘ 
vening layers of electrical insulations are liquid im 
pregnated. The liquid impregnated and metal encased 
capacitor-inductor reactor structure then is further en 

' closed in a second outer housing providing access to 
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the insulated terminal connections and having the 
space intermediate the second outer housing and the 
metal case ?lled with a suitable ballast compoundsuch 
as sand-loaded asphalt for improved sound deadening 
and heat distribution. In preferred embodiments of the 
invention, the ?rst and fourth terminals may in fact 
comprise a single, common terminal point that is suita 
ble for grounding. 

. BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and many of the attendant 
advantages of this invention will be appreciated more 
readily as the same ‘becomes better understood by 
reference to the following detailed description when 
considered in ' connection with the accompanying 
drawings, wherein like parts in each of the several 
?gures are identi?ed by the same reference character, 
and wherein: 

FIG. 1 ‘is a perspective view of a partially disassem 
bled coil of tape-like, conductive foil having interven 
ing layer electrical insulation and rolled together to 
form a combined capacitor-inductor reactor structure. 

FIG. 2 is a schematic illustration of the structure 
shown in FIG. 1 if it were unrolled into a straight line 
structure, and depicts the manner in which the struc 
ture derives its capacitive characteristics. 

FIG. 3 is a perspective view of the structure shown in 
FIG. I mounted on a suitable core member of magneti 
cally permeable material. 

FIG. 4 is a schematic physical illustration of the 
manner of connection of the input supply terminals and 
load deriving output terminals to the cap-reactor struc 
ture of FIG. 3. 

FIG. 5 is an equivalent circuit diagram of the cap 
reactor structure connected as shown in FIG. 4. 

FIG. 6 is a partial sectional view of a complete, com 
bined capacitor-inductor reactor structure including an 
improved liquid tight, sound proof, outer supporting 
casing constructed in accordance with the present in 
vention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is a perspective view of a combined capacitor 
inductor reactor (hereafter referred to as a cap-reac 
tor) formed by rolling together two tape-like sheets of 
conductive foil 11 and 12 with the conductive foils l1‘ 
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and 12 being'separated by intervening sheets of electri 
cally insulatingdielectric material 13 and 14. The con 
ductive foils 11 and 12 may comprise aluminum foil or 
some other similar material and the sheets of dielectric 
material l3yand 14 may comprise any known electri 
cally insulating dielectric which is capable of being 
fabricated in tape-like rolls. For example, the dielectric 
material may comprise paper of a suitable'thickness 
and dielectric strength suchas Kraft paper, linen paper 
or the like, sheets of a low loss dielectric resin such as 
Mylar (polyethylene-terephthalate), polypropylene, or. 
other suitable, known dielectric material. The sand 
wiched layers of tape-like conductive foils l1 and 12 
and intervening layers of electrically insulating dielec 
tric material 13 and 14 are rolled together to form the 
coil structure 10 shown in FIG. 1. While only two con 
ductive foils 11 and 12 and suitable intervening layers 
are described, it is believed obvious that additional foils 
and layers can be provided should such a structure be 
desired or required in order to obtain desired operating 
characteristics. . 

If the coil structure 10 of FIG. 1 were unrolled and 
laid out ?at, it would appear schematically as shown in 
FIG. 2 where S, and 8, represent the start of the tape 
like conductive foils 11 and 12, and F, and F, represent 
the'finish of each of the respective foils. When thus 
visualized, the manner in which the structure obtains its 
capacitive reactance characteristic can be more easily 
appreciated. Also, it is believed obvious from a con 
sideration of the wound, interleaved, turns of the con 
ductive foils l1 and 12 shown in FIG. 1 wherein the 
structure acquires its inductive reactance charac 
teristics to thereby provide a combined capacitance-in 
ductance reactance when employed in an electrical cir 
cuit. 
The inductance of the coil 10 can be greatly in 

creased by providing a magnetically permeable core 
member 15 to the structure asshown in FIG. 3. This 
can be accomplished by employing two E-shaped core 
members fabricated from laminated, E-shaped, mag 
netically permeable steel members. The E-shaped core 
members are arrayed in a manner such that the central 
leg 16 extends through a central opening in the coil 10. 
Suitable connecting arms 19 secured to the outer legs 
17 and 18 of the E-shaped core members hold the ar 
rangement in assembled relation. Input and output ter 
minal means to various points on the conductive foils 
are shown at T,, T, and T, and are connected as 
described hereinafter. 

In order for a cap-reactor such as shown in FIG. 3 of 
the drawing to be connected in electrical circuit rela-' 

I tionship with a load, it must be speci?cally tailored or 
designed to serve that load. The particular embodiment 
of that invention described herein is speci?cally 
designed to serve as a starting and ballast circuit for a 
?uorescent lamp. For this purpose, the device must 
serve to supply a high voltage surge across the lamp ter 
minals for starting purposes hence requiring that the 
device function as a step-up transformer to provide the 
higher than line voltage surge for starting. Thereafter, 
the device must serve to limit circuit current since a 
fluorescent lamp, while operating, exhibits negative re 
sistance. The circuit also preferably should exhibit high 
power factor characteristics. In existing fluorescent 
ballast circuit using a conventional wire wound trans 
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4 
former and separate individually connected capacitors, 
the circuit arrangement often appears as shown by the 
equivalent circuit of FIG. 5. In this arrangement, the 
turns ratio between the secondary and the primary of 
the transformer supply provides the required voltage 
step-up for starting while the serially connected capaci 
tor assures the creation of the desired starting voltage 
surge and high power factor correction. 

FIG. 4 of ‘the drawing illustrates the manner in which 
a capreactor such as shown in FIG. 3 may be physically 
connected to a source of supply potential and across a 
?uorescent lamp load so that it operates in accordance 
with the equivalent circuit shown in FIG. 5. In the ar 
rangement shown in FIG. 4, both input leads T, and T, 
from a single phase supply of alternating current, such 
asa conventional, 60 cycle, 110-120 volt-l5 amp re 
sidential power supply, are connected to different 
points on the same conductive foil such as 11. The 
number of foil turns which are included between the 
points of connection of the terminals T, and T, in effect 
determines the effective inductance of the primary 
winding of the transformer. The output from the trans 
former thus comprised is obtained preferably by con 
necting the load 21, such as a ?uorescent lamp, across 
the second conductive foil 12 between the finish point 
F, of the second conductive foil 12, which comprises 
the secondary of the transformer, and a terminal T, 
which is connected to the starting point S, of the first 
conductive foil 11. Since the starting point S, of foil 1 l 
is at the same potential as the input terminal T, and the 
output terminal T4, it will be seen that these two points 
are in fact at the same common potential and may be 
treated as a single, common terminal point which may 
be grounded. 

In FIG. 4, the transformer action of the portion of the 
conductive foil 11 intermediate the terminal points T, 
and T2, acting as a step-up primary, induces a stepped 
up voltage from end to end of each of the foils 11 and 
12, and which is taken off of foil 12 acting as a seconda 
ry and applied across load 21 serially through the effec 
tive interturn capacitance. This serial capacitance is 
determined by the overall length of the conductive foils 
l1 and 12, the width of the conductive foils, the spac 
ing between the foils, the nature of the dielectric insu 
lating layers separating the foils and the operating 
frequency of the circuit as is described more fully in the 
above referenced Gray US. Pat. Number 2,521,513. 
The inductance of the conductive foil 12 and serial 
capacitance provides both inductance and capacitance 
in series with the fluorescent lamp load 21. As a con 
sequence, the structure will operate to provide the 
desired current limiting, high inductive starting voltage 
surges, and high power factor characteristic effects 
required for use as a fluorescent lamp starting and bal 
last circuit in the manner of the equivalent circuit 
shown in FIG. 5. 
While in the particular embodiment of the invention 

disclosed a step-up transformer connection has been 
described in detail, it is believed obvious to one skilled 
in the art that a step-down transformer function readily 
could be obtained to satisfy the requirements of a dif 
ferent load by appropriate rearrangement of the points 
on the respective conductive foils l1 and 12 to which 
the input supply and output load terminals are con 
nected. Further, it is believed obvious that the tapoff‘ 
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points on the second conductive foil 12 could be placed 
at some intermediate points along the length of foil 12 
to thereby adjust the turns ratio of the secondary to the 
primary winding of the transformer. ' 
One of the problems heretofore encountered in the 

use of capreactors is the desirability, and often the 
necessity, of using a liquid impregnated coil-capacitor 
system in order to obtain higher corona starting volt 
ages and better thermal properties than can be ob 
tainedv with an unimpregnated or solid-impregnated 
system. FIG.'6 of the drawings illustrates a preferred 
form of construction of the capreactor described 
hereinbefore in connection with FIGS. 1-5. In this 
preferred embodiment of the invention, the cap-reac 
tor structure of FIG. 3 (connected in the manner illus 
trated in FIG. 4) is enclosed in a suitable liquid-tight, 
metal case 25 which completely encloses the rolled 
coil-capacitor conductive foils and intervening layers 
of electrical insulation together with magnetically 
permeable core member. Suitable, liquid-tight, electri 
cally insulated ‘lead-in conductors are provided to allow 
for connection to the supply and load terminals T1, T2 
and T3. With the cap-reactor thus enclosed the rolled 
conductive foils and intervening electrically insulating 
dielectric layers may be liquid impregnated in a 
vacuum with a suitable dielectric liquid such as an 
askarel or other capacitor impregnant for improving 
the starting voltage and thermal properties of the 
system. By enclosing the entire core member, foil 
windings and insulating layers in a liquid-tight metal 
case that is outside most of the magnetic ?eld of the 
structure, the metal case will not dissipate energy by 
acting as a shorted turn and at the same time will 
minimize magnetic coupling problems and leaks 
around the leads to the structure. 

Because. the metal case enclosing the liquid im 
pregnated, wound conductive foils and core member 
might produce an audible hum, the liquid impregnated 
and metal encased cap-reactor is further enclosed in a 
second housing 27 which may be of. metal, plastic, or 
other suitable housing material having a traditional bal 
last shape. The space between metal case 25 and the 
outer housing 27 preferably is ?lled with a ballast 
potting compound 28 such as sand-loaded asphalt in 
order to provide improved sound deadening and heat 
distribution characteristics to the completed structure. 
From the foregoing description it will be appreciated 

that the invention provides an improved, combined 
capacitor-inductor reactor structure that exhibits 
capacitor connected transformer characteristics and 
which is suitable for use as a ?uorescent lamp starting 
and ballast circuit. By reason of the special design of 
the cap-reactor and its enclosure in a suitable liquid 
tight housing, the cap-reactor structure can be liquid 
impregnated to provide improved starting and thermal 
properties along with improved sound deadening and 
heat distribution characteristics. 

Having described one embodiment of an improved, 
combined capacitor-inductor reactor device having 
capacitor-connected transformer characteristics con 
structed in accordance with the invention, it is believed 
obvious that other modifications and variations of the 
invention are possible in the light of the above 
teachings. It is therefore to be understood that changes 
may be made in the particular embodiment of the in 
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6 
vention described which are within the full intended 
scope of the invention as de?ned by the appended 
claims. ' 

What is claimed as new and desired to be secured by " 
Letters Patent of the United States is: 

1. In a combined constant current capacitor-reactor 
device of the type including spaced apart tape-like con 
ductive foils with intervening layers of electrical insula 
tion rolled together to form a combined capacitor in 
ductor reactor, the improvement comprising: ' 

a ?rst conductive foil having a starting point and a 
?nishing point; 

a second conductive foil having an electrically iso 
lated starting point and a ?nishing point; 

?rst input terminal means connected to said starting 
point of said first conductive foil; 

second input terminal means-connected to said ?rst 
conductive foil at a connection point between said 
starting point and said ?nishing point of said ?rst 
conductive foil; 

?rst output terminal means connected to said ?nish 
ing point of said second conductive foil,said ?rst 
conductive foil and said second conductive foil 
forming a predetermined capacitance which ele'c 
trically appears in series with said ?nishing point of 
said second conductive foil; and ' 

second output terminal means connected to said 
starting point of said ?rst conductive foil. 

2. A combined constant current capacitor-reactor 
device according to claim 1 wherein the distance 
between said starting point and said ?nishingpoint on 
said second conductive foil is a greater distance than 
the distance between said starting point and said con 
nection point of said second input terminal means on 
said first conductive foil. 
3. A combined constant current capacitor-reactor 

device according to claim 2 including a constant cur 
rent load device and further including a magnetically 
permeable core member, a portion of said core 
member being surrounded by the rolled turns of the 
tape-like conductive foils and intervening layers of 
electrical insulation to provide a high reactance con 
stant current device for said constant current load 
device. 

4. A combined constant current capacitor-reactor 
device according to claim 3 wherein the rolled turns of 
conductive foils and intervening layers of electrical in 
sulation are liquid impregnated with a dielectric liquid 
and the entire structure including the magnetically 
permeable core member is enclosed in a suitable liquid 
tight metal case providing electrically insulated‘ ter 
minal connections to said ?rst input terminal means, 
said second input terminal means, said ?rst output ter 
minal means, and said second output terminal means, 
and wherein the liquid impregnated and metal encased 
capacitor-reactor structure is further enclosed in a 
second outer housing providing access to'the insulated 
terminal connections, and having a space intermediate 
the second outer housing in the metal case ?lled with a 
suitable ballast compound, such as sand-loaded asphalt 
for improved sound deadening and heat distribution. 

5. A combined constant current capacitor-reactor 
device according to claim 4 wherein said ?rst input ter 
minal means and said second input terminal means 
comprise primary input terminals for connection to a 
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source of supply potentiaL-and wherein said constant 
current load device is connected between said ?rst out 
put terminal means and said second output terminal 
means. 

6. A combined constant ‘current capacitor-reactor 5 
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8 
device according to claim 5 wherein said constant cur 
rent load device is a ?uorescent lamp connected‘ 
between said ?rst output terminal means and said 
second output terminal means. 
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