Dec. 15, 1942.

B. K. NASTER 2,305,487
LIGHTING DEVICE
Filed June 9, 1941

N

2

g

— Lz 2 B 1 1
n&\ng nng'\nnn ngnnn/M(
RAASRAEe (Y Rt
(/0 77/
L A 72
oA ey
s C2 7

-
T ————— e ———— e —— — — 1
. 323 2z—8
e e e T ] ;5L
725 _%
78~ » 1
e e 27j
?7? 76—&
S -
2 _42 “?5, .z
Ly ( ] T~ ,g ‘/ 2 _A}) (26 '(Cl P
/
X\—_KE/;\_—_ SR ——
P = —— = Lo
Y— 4 I 0]
1
11 Cz Pl

R A

Bost W Wstis,

@@wm .Wmﬂ%&@é
(Zezoreegs.




Patented Dec. 15, 1942

2,305,487

UNITED STATES PATENT OFFICE

2,305487\ .
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: 8 Claims.

This invention relates to a lighting device, and
more particularly to a device in which at least
two fluorescent lamps are employed, and in which
the current in’each lamp is in different phase.

Since the light output of a fluorescent lamp is
diminished as the magnitude of the alternating
current energizing it diminishes and is zero when
the currenf is zero, a. single lamp will have &
pulsating light emission which corresponds to
twice the frequency of the source of electrical
energy, there being 120 pulsations of light on o
80 cycle per second power supply. 'This crestes
o noticeable stroboscopic effect, However, it has
been common in the past to use a pair of lamps
in one unii, one of the lamps being in & circuit
in which the current is in leading phase rela-
tionship to the current in the circuit of the other
lamp. In this way one of the lamps is caused
to have strong light emission at the instant the
current is changing direction in the other. in
this way the stroboscopic effect is minimized,

fiowever, In the arrangements previously pro-
posed, several difficulties have been encouniered.
In order to cause the current in one ecireuit to
be leading a condenser has been employed in this
circuit, and in operation a high voltage is builg
up across this condenser requiring that it be
constructed for such high voltages. A more seri-
ous objection is that the wave form of the voltage
developed across the lamp in the leading circuit
has been irregular, having & depression near the
middle of the half eycle, and so causing g loss
of power resulting in substantially decreased
brilliancy in this lamp. The disadvantage of
having one lamp of lesser brilliancy in a device
of this character is self-evident, ’

An object of the present invention is to pro-
vide a device in which the lamps wiil be of sub-
stantially equal brilliancy and will deliver 8 max-
imum of light output for the energy supplied
and with relatively equal current in each lamp.
A further object is to provide a device of this
nature which is economical of construction and
conservative of space and materials. Another
object is to provide a device in which the lead-
Ing circuit will not require a condenser adapted
for such high voltage. Still other objects will
appear as the specification proceeds.

An embodiment of the invention is illustrated
by the accompanying drawing in which:

Figure 1 is a wiring diagram of the device;
Figure 2, a plan view of the transformer here
employed, showing the specific arrangement of
the coils; Figure 3, a diagram showing the form
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of the voltage across the lamp in the leading cir- 8§

cuit when another type of transformer is em-
ployed; and Figure 4, a diagram showing the
wave form of the voltage across the lamp in the

.leading circuit when the transformer illustrated

in Figure 2 is employed. .

As illustrated, the device includes an auto-
transtormer A of elongated high reactive design.
Figure 2 shows the physical aspects of the trans-
former and Figure 1 shows schemsatically the
electrical connections and srrangement, The
core i0 may bhe laminated and is of generally
rectangular eross section, and heas coils aboui
each of its sides or legs {1 and 12.

The two primary coils P; and Ps extend about

different legs of transformer A and are connected
in series with the terminals X and ¥ which con-
stitute 2 source of slternsiing current. . The
windings of coils P1 and Ps are in such direction
as to aid each other in building a magnetic fdeld
within the transformer core,
It will be observed thet the coils ®; and P2 are
in staggered relation, and directly opposite these
coils are the secondary coils C: and Ca, Thus
the colls P; and C; are opposite each other on
different legs and at the extreme end of the core,
Just adjacent these colls are the coils P2 and C3
also opposite each other. The end 13 of coil ¢3
is connected to the terminal ¥ of the alternating
current source. The other end of this coil ig
connected with one end of the winding of coil
€1 The direction of the windings in colls C;
and Cz are such as to build & magnetic field op-
Posing the field provided by the primary wind-
ings. The end {4 of coil C: is connected in series
with the capacitor {8, which in turn is connected
through fllaments 1% and {7 of the fiuorescent
lamp {8, to the terminal X of the alternating
current source. A resistor 27 is connected across
the capacitor 16 to discharge any residual charges
left on the condenser. A switch 28 of the usual
type is placed in connection between filaments -
of the lamp which is designed to open after the
lamp has started to operate.

Toward the other end of the transformer A are
the secondary coils Ia and Lz, These coils are
adjacent the coils P2 and Cz and are disposed op-
posite each other on different legs of the trans-
former core, Like the first-mentioneq secondary
coils, these coils are connected in series, the end
20 of coil L being connected to terminal Y of the
source of alternating current, their windings be-
ing in such direction that each builds g magnetic
fleld opposed to the field of the primary windings.
The end 21 of coil L2 is connected through fila-
ments 22 and 28 of the lamp 24 to the terminal X



72
of the albernaiing current scurce. The usual
switch 29 is provided to open the connection be-
tween the lamp filaments afler i has lighted.

The preférred physicel srrangement of the
colls on the transformer core 1s shown in Fig. 2.
The paper straps 26 are here used to securely bind
the coils tc form s strong sitructure and to fur-
ther insulate the coils from the grounded case.
In the embodiment iilustrated, the primary coils
P1 and P2 are composed of 1080 turns each, the
secondary coils Ci1. and Ca of 1145 turns each, and
the secondary coils Li and Lz of 815 turns each.
The source of alternating current may be of the
ordinary 110-115 volt A, C. source, and the lamps
each may be, for example, a standard 40 watt
‘fluorescent lamp. It is expected, of course, that
these factors, such as the number of turns on the
different windings, the voltages employed and the
size of the lamps, condensers, etc., may be varied
to suit the particular situation while still -obtain-
ing the advantages of this invention.

The lamp 24 is served by a circuit including ter-
minal X, coils L1 and Lz and terminal ¥; and the
lamp (8 is served by a circuit including ferminal
X, coils C1 and Cz, capacitor {8, and terminal Y.
Thus, both lamp circuits are provided with in-
ductors which serve to check the current. How-
ever, only the circuit serving the lamp (8§ has a
capacitor, and the effect of this capacitor is to
change the phase in this circuit, making the cur-
rent in this cireuit lead the current in the circuit
of the other lamp. In this way each of the lamps
is caused to be at substantially full intensity at
the instant the current at the other is changing
direction and is 2t a minimum.

In operation of the devies, I find that each of
the lamps 10 and 24 burn with substentially the
same brilliancy, and that the voliage across the
capacitor 18 is much lower than would he ex-
wected from experience with prior devices of this
nature, ’

The improved operation is ativibuted 1o the
novel azrrengement of the coils. With the inter-
relavionship of the coils here provided, the civeuit
cheracteristics inn each elrcull ave made more suit-
able and resuld n the improvements here made
possible. It meay be noted that the magnetic
coupling between the primary colls and the sec-
ondary coils €1 and Cz is substantially closer then
the coupling between the primary coils and the
secondsry coils Ly and La.

An Improved effect is zalso obtained by other
coil arrengements than those herein specifically
described and where the coupling of & winding or
windings corresponding with coils In and g are
iess closely coupled with & primery winding than
is & winding or windings corresponding with coils
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C1 and Oz, as, for example, an arrangement where -

colls corresponding with Ly and La are on one side
of the primary and coils corresponding with Ci
and Cz are on the other side, the coils correspond-
ing with L1 and Ls being spaced & greater distance
along the core from the primary coils and so more
loosely coupled,

It is my belef that the improvement in the
wave form is due to a shift in the prominence of
the individual harmonies, such as the 3rd, 5th,
and higher harmonies, which is produced by the
chenge in the coupling between the secondary
coils of the lamp circuits and the transformer pri-
mary coils, but it is not intended to disclaim any
part of my invention should the advantages ob-
tained be better explained on some ather theory.

To demonstrate the improvement of the pres-
ent arrangement, the voltage wave form across
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the lamp in the circuil inciuding the capacitor
was compared by oscillograph with the wave form
of the voltage across a lamp in a corresponding
circuit where the coils P1 and Cz were inter-
changed. In this other arrangement a pair of
secondary coils were on each end of the trans-
former, the primary coils being in the center and
equally spaced from each secondary, and the re-
sulting wave form of the voltage across the lamp
in the leading circuit is shown in Figure 3 of the
drawing. Note that the wave contains a serious
depression near the center of the half cycle. This
depression represents a considerable loss of power,
and this results in substantially decreased brilli-
ancy of the lamp in this leading circuit,

. In the arrangement as herein set out in the
present invention, the wave form of the voltage
across the lamp in the leading circuit is shown in
Figure 4. Note that the depression characteristic
of the wave form in Figure 3 does not appear in
PFigure 4. This improved wave form is substan-
tially the same as the wave form of the voltage
across the lamp in the other or lagging circuit.
Thus with the improved voltage wave the lamps
give equally good performance and will halance
each other to good effect.

Alse the improved arrangement permits the
use of a smaller capacifor in the leading circuit.
In comparing the voltage across the capacitor at
the same times as the wave forms in Figures 3
and 4 were taken, it was found that with the
condition represented by Figure 3 where the pri-
mary windings were in the center with the sec-
ondaries on each side, the voltage across the
capacitor was 330 volts; whereas with the condi-
tion represented by Figure 4, with the coil ar-
rangement shown in Figure 1, the voltage across
the condenser was only 230 volts. This differ-
ence in voltage requirement enables a very con-
siderable saving in material and expense in the
consiruction of the device.

While I have shown and described in detail a
specific embodiment of my invention, it is to be
understocod that many changes and shifts may
be made and the construction may take various
forms, yet obtaining the improvements herein
set forth and all within the spirit of the inven-
tion. ‘Though the invention has been described
only in connection with fluorescent lamps, it is
also applicable in the same manner when neon,
argon, or like gaseous lamps are employed.

Wheat I claim is:

1. A fluorescent lighting device comprising a
source of electrical energy, an elongated mag-
netic circuit, a primary coil on one leg of said
circuit and connected to said source, a secondary
coil on the other leg of said circuit and disposed
opposite said primary coil, a fluorescent lamp and
& capacitance connected in series with said sec-
ondary coil and said source, another secondary
coil on said magnetic circuit and disposed end-
wise of said coils, and a second fluorescent lamp
connected in series with said last-mentioned coil
and said source, said last-mentioned secondary
coil being less closely coupled magnetically with
sgid primary coil than is said first-mentioned
secondary coil.

2. A fluorescent lighting device comprising a
source of electrical energy, an clongated mag-
netic circuit, a pair of primary coils on different
legs of said circuit and connected with said
source, a pair of secondary coils on different legs
of said circuit and disposed opposite said primary
coils, a fluorescent lamp and a capacitance con-
nected in series with said secondary coils and
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said source, é'second palr of secondary coils on
said magnetic circuit and disposed endwise of

said primary and secondary coils, and a second -

fluorescent lamp connected in series with said
second pair of coils and said source, said second
pair of secondary coils being less closely coupled

magnetically with sald primary coils than is said

first-mentioned secondary coils.

3. A fluorescent lighting device comprising a
source of electrical energy, & primary coil con-
nected with said source, a circuit containing a
‘fluorescent lamp a capacitance and a secondary
coil in series connection, said circuit being con-
nected to said source, said secondary coil being
magnetically coupled with said primary coil, and
a second circuit containing a fluorescent lamp
and a secondary coil, said second circuit being
connected to said source, and said last-mentioned
‘secondary coil being magnetically coupled with
sald primary coil to a lesser extent than said
first-mentioned secondary coil.

4. A fluorescent lighting device comprising a
source of electrical energy, s primary coil con-
nected with said source, a circuit containing a
fluorescent lamp a capacitance and a secondary
coil in series connection, said circuit being con-
nected to sald source, sald secondary coil being
magnetically coupled with sald primary coil, and
& second circuit containing a fluorescent lamp
and a secondary coll, said second circuit being
connected to said source, said last-mentioned
secondary coil being magnetically coupled with
sald first-mentioned secondary coil and with said
primary coil but being coupled. to said primary
enil less closely than sald first-mentioned sec-
ondary coil.

6. A fluorescent lighting device comprising a
‘source of electrical energy, a Drimary coil con-
nected to said source, a circuit contalning a
fluorescent lamp a capacitance and a secondsry
coil In series connection, said circuit being con-
nected to sald source, said secondary coil being
magnetically coupled with said primary coil, and
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and a secondary coil, said second circuit being
connected to said source, said last-mentioned
secondary coil being magnetically coupled with
said primary coil but being farther removed from
said primary coil than is said first-mentioned
secondary coil. .

. 6. A fluorescent lighting device comprising a
source of electrical energy, an elongated mag-
netic circuit, a primary coil embracing said cir-
cuit at its one end portion, said coil being con-
nected with said source, a fluorescent lamp a
capacitance and a secondary coil connected in
series with said source, said secondary coil en-
gaging sald magnetic circuit at said one end por-
tion near said primary coil, & second fluorescent
lamp and a second secondary coil connected in
series with said source, said second secondary
coil engaging said magnetic circuit at its other
end portion removed from said primary coil, and
being less closely coupled magnetically with said

- primary coil than is sald flrst-mentioned sec-
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ondary coil. )

7. In a lighting device, an electrical autotrans-
former comprising a primary winding, a second-
ary winding magnetically coupled with said pri-
mary winding, and another secondary winding
magnetically coupled with said primary winding
and also with said first-mentioned ‘secondary
winding, each of said windings being connected
electrically for energization from the same source

- of electrical energy, sald last-mentioned second-
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& second circuit containing a fluorescent lamp -

ary winding being less closely coupled magneti-
cally with said primary winding than is said
first-mentioned secondary winding.

8. In a lighting device, an autotransformer
having a primary and two secondary windings,
an electrical circuit including a lamp, a capaci-
tance, and one of said secondary windings, snd
a second electrical circuit including a lamp and
the second of said secondary windings, sald sec-
ond winding being linked by fewer magnetic lines
of force developed by sald primary winding than
is said first-mentioned secondary winding.

BERT K. NASTER.




