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57 ABSTRACT

A lighting system employs luminaires having reflectors with
a fluorescent lamp support frame at the base end of the 1side
of the reflector. The support frame includes a plurality of
extensions for holding the bases of compact fluorescent
lamps arranged 1n a general star configuration around the
center line of the reflector. The extensions are at an angle to
cause the compact fluorescent lamps to follow the
outwardly-flared inside surface of the reflector. A system of
luminaires then provides a substantially uniform volume of
light 1 a facility due to the patterns of overlapping light
contributed by the individual luminaires.

44 Claims, 5 Drawing Sheets
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1
LIGHTING APPARATUS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

RELATED APPLICATION

This application 1s a continuation-in-part of copending
application Ser. No. 07/863,094 filed on Apr. 3, 1992, now
U.S. Pat. No. 5,197,798.

BACKGROUND

High intensity discharge (HID) lamp fixtures are widely
used to provide lighting in warehouses, airplane hangars,
and other commercial buildings. Typically, fixtures using
such lamps use mercury vapor, metal halide, and high or low
pressure sodium lamps, depending upon the particular appli-
cation and the lighting characteristics desired. Such lamps
generally are high wattage (500 or 1000 Waltts, for example);
so that 1n the buildings in which they are used, significant
energy consumption takes place.

For the purpose of maximizing the downward light output
from such high wattage lamps, flared, generally bell-shaped
reflectors have been designed to fit over the base of the bulb,
which then 1s screwed 1nto the power supply outlet for the
lamp. The lamp 1tself, 1n at least some of these applications,
forms the support for the reflector, which generally 1s made
of polished aluminum or similar lightweight material. The
lamp extends through the base end of the reflector; and the
light-emitting end 1s either open or covered with a translu-
cent lens to disperse the light emanating from the lamp, and
to provide a more attractive appearance.

The coverage or area of 1llumination of a typical reflector
for an HID lamp of this type generally 1s approximately 1.6
(that 1s, it 1s 1.6 times the height from the floor to the
light-emitting opening of the fixture). The light typically is
projected 1n a circle; so that the spacing of the lamp fixtures
1s selected 1n accordance with this formula to provide the
desired amount of overlap, if any, needed for any particular
application.

A primary problem with HID lamps, of any of the above
types, 1s that the high wattage results 1n significant energy
consumption, which, in turn, translates into high utility bills.
Fluorescent lamp fixtures typically are low wattage fixtures;
but for providing the desired levels of illumination in
warchouses, airplane hangars and similar high-ceilinged
buildings, a large number of fluorescent light fixtures must
be employed to produce the desired lumens of light on the
floor of the building 1n which they are used. The large
number of fixtures required results 1 significantly increased
initial installation cost over the fixtures required for HID
lamps, typically spaced greater distances apart in a com-
parative installation. In addition, many applications indicate
that standard fluorescent lamp fixtures cannot produce the
necessary lumens of light at the floor or work surface of
warechouses and the like.

High intensity discharge lamps of the mercury or metal
halide variety utilize gas 1n a discharge tube, which 1is
manufactured from quartz. Current passing through the gas
ogenerates light. The discharge tube 1s enclosed 1n an outer
bulb which 1s formed from glass. Consequently, the light
passes through both the quartz discharge tube and the glass
bulb. The discharge tubes of these lamps emit a high degree
of ultraviolet radiation along with the light.

Normally, this 1s not of any consequence, since ultraviolet
radiation in the harmiul ranges 1s absorbed by the outer glass
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bulb. In a sports area, however, it 1s possible (and has been
known) for a ball or other object to hit a HID fixture,
breaking the outer bulb but leaving the structurally stronger
quartz arc tube intact. In such an event, the HID lamp
continues to burn; and ultraviolet radiation of harmful
wavelengths 1s emitted directly, and 1s likely to strike players
or spectators. The results can be unpleasant and potentially
dangerous 1n severe cases. On the other hand, the light
ogenerated by fluorescent lamps contains no significant ultra-
violet radiation. Although some ultraviolet radiation 1s pro-
duced within the Huorescent tubes, the ultraviolet radiation
1s absorbed by the glass tube. It the tube 1s broken, the lamp
immediately extinguishes, and there 1s no danger from the
damaging effect of uncontrolled ultraviolet radiation.

Generally, commercial ceiling lamps for fluorescent light
fixtures employ elongated fluorescent tubes, usually having
a length of four or eight feet. These tubes then are placed 1n
appropriate luminaires oriented parallel to the floor or
oround to produce the desired illumination. Installation and
replacement of fluorescent tubes, particularly eight foot
tubes, 1s somewhat difficult simply because of the length of
the tubes 1mvolved.

Compact fluorescent tubes have been designed 1 a gen-
erally “folded-over” configuration, which attach to a light
fixture at one end. Three patents disclosing ceiling light

fixtures for recessed lamp reflectors, and which use compact
fluorescent tubes, are the U.S. Pat. Nos. 4,520,436; 4,704,

664; and 4,922,393 to McNair. These patents disclose the
use of a pair of compact fluorescent lamps, mounted 1n a
oenerally crossed configuration inside a dome-shaped
reflector, to produce a light output which 1s comparable to
that of an incandescent bulb 1n a reflector having a similar
diameter light-emitting end. The reflector, 1tself, 1s designed
with openings through it, 1n which the bases of the lamps are
mounted (on the upper outside of the reflector). Provisions
also are made for attaching the ballasts for the lamps to the
outside of the reflector. The reflector then 1s placed 1n a
recessed housing 1n the ceiling to accommodate all of the
lamp sockets and ballasts 1n a space between the reflector
and the end of the housing.

In the devices shown 1n all of these patents, the housing,
itself has a threaded lamp base on it to supply operating
current to the ballasts and the lamps. The conventional
screw-1n threaded base then may be inserted into a normal
incandescent lamp socket; so that the entire housing is
suspended from the socket. These fixtures are designed to
replace incandescent lamps 1n recessed ceiling fixtures of
relatively low wattage (typically replacing a 60 to 100 Watt
incandescent lamp). Lower power consumption results; and

the lumen output, using crossed pairs of compact fluorescent
lamps, 1s approximately equivalent to the incandescent lamp
replaced. In addition to reduced power consumption, the
compact fluorescent lamps typically have a life several times
oreater than the life of incandescent lamps.

A different approach to a lighting apparatus 1s disclosed in
the British patent to Schmidt No. 878,534. Schmidt 1is
directed to a very specific three-phase lighting apparatus,
where each of three lamps (which may be incandescent
lamps or mercury vapor lamps) are operated from a different
one of the three phases of an electrical supply. As noted 1n
Schmidt, this causes a stroboscopic effect from each indi-
vidual one of the light sources; but the overall effect from the
fixture itself 1s one of relatively uniform light supply. The
Schmidt apparatus comprises a lamp base with three fairly
closely spaced sockets 1n 1t. The sockets extend outwardly at
angles of approximately 45° relative to the vertical; and the
lamps are clustered in the center of the fixture, spaced a
substantial distance from the reflector which surrounds
them.
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It 1s desirable to provide a lighting apparatus which may
be directly substituted for high-wattage HID lamp fixtures,
or, alternatively, which may be directly substituted for HID
lamps as a direct replacement, which provides the advan-
tages of reduced power consumption, which 1s relatively
inexpensive and which produces a lumen output comparable
to the high-wattage HID lamps being replaced.

SUMMARY OF THE INVENTION

Accordingly, 1t 1s an object of this invention to provide an
improved lighting apparatus.

It 1s another object of this invention to provide an
improved lighting system.
It 1s an additional object of this invention to provide an

improved compact fluorescent lighting apparatus capable of
substitution for HID lamp apparatus.

It 1s a further object of this mvention to provide an
improved lighting apparatus using compact fluorescent
lamps arranged 1 a multiple-lamp array within a reflector
for producing improved coverage and reduced energy con-
sumption.

It 1s yet another object of this invention to provide a

multiple-lamp array of fluorescent lamps with selective
operation of the lamps for effective stepped dimming of the
light from the array.

In accordance with a preferred embodiment of the
invention, a lighting fixture includes a reflector which has a
base end and a larger light-emitting end. The reflector 1s of
a symmetrical shape about a line extending from the center
of the base end to the center of the light-emitting end. Alamp
support member 1s located within the reflector at the base
end, and 1t supports a plurality of compact fluorescent lamps
within the reflector between the base and the light-emitting
end. Electric power 1s supplied to the lamps located within
the reflector on the lamp support member. In a more speciiic
embodiment of the invention, several lighting fixtures are
arranged 1 a unmiform array at a predetermined distance
above a surface to be 1lluminated. Light from the fixtures has
considerable overlap to produce illumination of substantial
uniformity.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a partially cut-away view of a lamp fixture of the
prior art;

FIG. 2 1s a perspective view of a preferred embodiment of
the 1mnvention;

FIG. 3 1s cross-sectional view taken along the line 3—3
of FIG. 2;

FIG. 4 1s a partially exploded view of a detail of the
embodiment shown 1n FIG. 3;

FIG. 5 1s an end view of the portion shown 1 FIG. 4;

FIG. 6 1s an alternative end view of a variation of the
structure shown 1n FIG. 4;

FIG. 7 1s a schematic diagram of an electrical operating,
circuit for the embodiment shown 1 FIGS. 2 through §;

FIG. 8 1s a detail of an alternative to the portion of the
embodiment shown 1n FIG. 2;

FIG. 9 1s a bottom view of another preferred embodiment
of the invention;

FIG. 10 1s a cross-sectional detail taken along the line
10—10 of FIG. 9;

FIG. 11 1s a cross-sectional detail taken along the line
11—11 of FIG. 9;
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FIG. 12 1s an enlarged top view of a portion of the
embodiment shown 1n FIG. 9;

FIG. 13 1s a side view of a portion of the structure shown
m FIG. 12;

FIG. 14 15 a top perspective view of the portion shown 1n
FIG. 12;

FIG. 15 1s a partial cross-sectional view of the device
shown 1n FIGS. 9 through 14;

FIG. 16 1s a side view of an alternate to the embodiment
shown 1n FIGS. 9 through 15;

FIG. 17 1s a diagrammatic representation of a system

layout of the type employing any of the embodiments shown
in FIGS. 2 through 16; and

FIG. 18 1s a diagrammatic representation of a lighting

system employing fixtures of any of the embodiments of
FIGS. 2 through 16.

DETAILED DESCRIPTION

Reference now should be made to the drawing, 1n which
the same reference numbers are made throughout the dif-
ferent figures to designate the same or similar components.
FIG. 1 1s a partially cut-away illustration of a typical prior
art HID lamp fixture of the type widely used in large
commercial buildings, such as warchouses, airplane hangars
and the like. The fixture employs a high-wattage (250, 400
or 1000 Watt) HID lamp 10, which may be mercury vapor,
metal halide, incandescent, or high or low pressure sodium.
The lamp 10 has a threaded base 12, which 1s screwed 1nto
an appropriate mating receptacle mounted in the ceiling of
the building. Because of the high wattage of the lamp 10, the
screw-1n base 12 usually 1s of larger diameter than the

common household light bulbs with lower wattages 1n the
range of 25 to 150 Watts.

The base of the bulb 10 extends through a circular
opening 1n the base of a generally bell-shaped reflector 14;
so that the reflector 14 1s suspended by and held 1n place by
the lamp 10, which extends through the opening in the
reflector. The reflector itself has two primary portions. An
upper portion 14A, which 1s relatively narrow, extends
downwardly alongside the neck of the bulb 10. The lower
portion 14B 1s an outwardly flared reflector portion, which
increases 1n diameter from the base of the upper portion 14A
to a light-emitting end 16. Typically, a translucent lens 1is
placed 1 the light-emitting end 16 to improve the disperse-
ment of light from the bulb 10 within the reflector 14.

FIGS. 2, 3, 4 and 5 1llustrate a preferred embodiment of
the invention for use in replacing the high-wattage HID bulb
10 with an array of compact fluorescent lamps consuming,
significantly less energy, while at the same time producing
equivalent or nearly equivalent lumen output from the
reflector 14. As 1llustrated in FIG. 2, this 1s accomplished 1n
part by mounting the base end of the reflector portion 14A
on a housing 19. This housing has an electrical mput to 1t
provided through a mogul screw-1n base 18, which matches
the size of the base 12 of the lamp being replaced. Each of
the several fluorescent lamps, which are located within the
lower bell-shaped portion of the housing 14B, 1s operated by
ballasts located within the housing 19. Each ballast, 1n turn,
controls one or two lamps per ballast in a standard manner.

FIG. 3 illustrates a cross-sectional view of the modifica-
tion which has been made to adapt the reflector 14 to use a
multiple-lamp fluorescent array substituted for the HID lamp
10. This 1s accomplished by building a lamp support 1n the
portion 14A of the reflector on a base 20, which 1s secured
to the base end of the reflector 14A by means of suitable
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fasteners, such as screws or bolts, or by means of welding or
brazing. The fasteners, which secure the base 20 to the base
end of the portion 14A of the reflector 14, also may be
extended through the base 20, the base end of the reflector

14 mto the housing 19 to secure all of the parts together, 1f 5

desired. A circular opening (not shown) is provided in the
center of the base 20 to accommodate wires from the ballasts
located within the housing 19 to be interconnected with the
various sockets 40 for the compact fluorescent lamps 45,
which are plugged into these sockets. The wires are not
shown 1n FIG. 3 to avoid unnecessary cluttering of the
drawing.

The lamp support further includes a pair of elongated
“U-shaped” rectangular legs 21 and 22, which are riveted to
or otherwise attached at one end to the base member 20, and
extend inside the portion 14A of the reflector 14 to support
a lamp mounting plate 26 on the opposite end. The lamp
mounting plate 26 also 1s attached to the legs 21 and 22 by
means of rivets, brazing or any other suitable means to
suspend the plate 26 1n the center of the reflector 14B
approximately one-third the length of the reflector from the
base end to the light exiting end 16. This 1s illustrated most

clearly in FIG. 3.

As 1llustrated 1n FIGS. 3, 4 and 5, the plate 26 1s octagonal
in shape, and includes, on each of i1ts outer edges, an
extension tab or lamp mounting surface 28 onto which a
conventional socket 40 1s attached for receiving a commer-
cially available push-in compact fluorescent lamp 45. As
illustrated most clearly 1n FIG. 3, the tabs 28 arec bent
upwardly (as viewed in FIG. 3) approximately 20° to 30°
from the plane of the plate 26 to cause the lamps 45 to extend
along a line generally following the curvature of the inside
of the reflector portion 14B. The relative positions, which
are occupied by at least some of these lamps, are shown 1n
FIG. 3. It 1s to be understood that eight lamps 45 are
connected 1n a star-like array around the periphery of the
octagonal plate 26.

As further illustrated in FIGS. 3, 4 and 5, additional lamps
45 are mounted within the circle of lamps carried on the
plate 26. These additional lamps are mounted on a
supplementary, smaller plate 35 supported by a pair of posts
30 and 31 attached to a U-shaped bracket 34 on the under-
side of the plate 35, as 1llustrated most clearly m FIGS. 3 and
4. Suitable screws or bolts 38 are used to attach the bracket
34 to the ends of the posts 30 and 31. These screws or bolts
38 pass through enlarged holes 1n the plate 35, so that they
can be used to secure the bracket 34 to the ends of the posts

30 and 31.

As 1llustrated 1n FIGS. 3, 4 and §, the plate 35 1s shown
as a square plate having lamp mounting extensions 36 on
cach of the four edges. These extensions 36 also are bent
upwardly (as viewed in FIG. 3) approximately 20° to 30° to
cause the lamps 45, attached to sockets 40 on cach of the
extensions 36, to assume the configuration illustrated in FIG.

3.

Each of the lamps 45 1s a standard compact fluorescent
lamp, and typically consumes 27 Watts of power. Such a
fluorescent lamp generally 1s considered equivalent to a 100
Watt mcandescent or HID lamp; so that the equivalent
wattage output of the twelve lamps 45, shown 1n the array
of the embodiment illustrated in FIGS. 3, 4 and 5, 1s 1200
Watts. When this array 1s used to replace a 1000 Watt HID
bulb 10, the actual wattage consumed by the twelve lamps
is 324 Watts (12x27). This amounts to approximately a
two-thirds saving 1n the energy consumption of the fixture
which has been retrofitted as i1llustrated 1in FIGS. 3, 4 and 5.
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To 1mprove the lumen output of the fixture, the surfaces of
the plates 26 and 35 may be made of reflective material
similar to the polished aluminum interior reflective surface
of the portions 14A and 14B of the reflector 14.

In addition to producing an equivalent lumen light output
for significantly less energy, the lamp fixture or lamp appa-
ratus of FIGS. 3, 4 and 5§ also produces an increased
coverage or circle of light 1n the region beneath the reflector
over that which 1s obtained from the same reflector using an
HID bulb 12. As mentioned earlier, the typical coverage for

the prior art fixture of FIG. 1 is approximately 1.6 (that is,
the circle of light on the floor 1s approximately 1.6 times the
distance from the floor to the lighting-emitting end 16 of the
reflector 14). By replacing the HID bulb 10 with the array
shown 1n FIGS. 3, 4 and §, the coverage from the retlector
14 increases to 2.0 to 2.4 (that is, the circle of light beneath
the reflector 1s from 2.0 to 2.4 times the distance between the
floor and the light-emitting end 16 of the fixture). For new
installations, this means the fixtures can be spaced farther
apart to obtain substantially the same lumen 1ntensity on the
surface below the fixtures. This results 1n decreased 1nstal-
lation costs (fewer fixtures are required), and even greater
improved savings in the energy consumption (since the
overall number of fixtures has been reduced, as well as the

wattage consumed by each fixture).

Another significant advantage, which can be obtained
with a multiple lamp fixture of the type shown in FIGS. 3,
4 and 5, 1s that by operating each lamp with an 1individual
ballast or by operating pairs of lamps on opposite sides of

cach of the star-like arrays on the plates 26 and 35, with a
different ballast for each pair, the capability for built-in
“dimming” occurs. Reference should be made to FIG. 7 for
the manner 1n which this effected. FIG. 7 1s a diagrammatic
representation of the electrical circuit which supplies oper-
ating power to each of the lamps 45 1n the array located
within the reflector 14. As illustrated 1 FIG. 7, alternating
current power from a suitable source 60 (as provided to the
mogul screw-in base 18, or direct wired) is supplied to
switch pairs 61, 71 and 91 through individual ballasts 62, 63,
72, 73 and 92, 93 for each of the lamps 45. Only six lamps
and three sets of switches 61, 71 and 91 are illustrated in
FIG. 7. It 1s to be understood, however, that pairs of lamps
45 operated by pairs of ganged switches, such as the
switches 61, 71 and 91, may be provided for all twelve of the
lamps of the array 1n FIGS. 3, 4 and §. The number of lamps
shown 1n FIG. 7, however, 1s reduced to avoid unnecessary
cluttering, since the operation of each pair of lamps 1s the
same as for the three pairs which are shown in FIG. 7.

When all of the switches 61, 71 and 91 are closed, all of
the lamps are provided with operating power through their
respective ballasts, and, thus, are illuminated. Selective
dimming, however, 1s effected by opening one or more
switch pairs to disconnect power from the ballasts driving
the lamps associated with the particular opened switch pair,
such as 61, 71 or 91. If one of the switch pairs 1s opened,
then ten of the twelve lamps within the array of FIGS. 3, 4
and 5 are illuminated. If three sets of the switch pairs, such
as 61, 71 and 91 are opened, half of the lamp pairs are turned
oif, and half of the lamp pairs 45 remain 1lluminated, thereby
reducing the light output of the fixture by fifty percent. This
also reduces the energy consumption by fifty percent.
Obviously, the opening of more or less numbers of switch
pairs 61, 71 and 91 (and others not shown) can be utilized
to provide other “dimming” percentages in accordance with
the operating requirements of the system with which the
lighting apparatus of FIGS. 3, 4 and 5 1s used.

It also should be noted that although FIG. 7 indicates an
individual ballast 62, 63,72, 73 or 92, 93 for each 1individual
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lamp 45, a single ballast could be used to drive two lamps;
and the system operation for effecting the selective dimming
then would require a switching off of only a single ballast for
cach two lamps. Otherwise, the operation 1s 1dentical to that

described 1n conjunction with the arrangement shown in
FIG. 7.

Control of the operation of the switch pairs 61, 71 and 91
may be effected 1n any suitable manner. For example, low
voltage relay switches could be enclosed within the housing,

19, or at a remote on/ofl switch location, for effecting the
desired operation of the switches. Digitally-encoded elec-
tronic switching also could be used from a remote or central
location, as desired. The manner of effecting the overall
dimming, however, 1s the same; and the technique used to
operate the switches 61, 71 and 91 may be any suitable
technique currently known, 1n accordance with the desires of
the system installer and/or user. It 1s important to note that
when dimming 1s effected in the manner described 1n con-
junction with circuit of FIG. 7, there 1s no i1llumination
flicker, since the lamps 45 which remain i1lluminated are
powered with full power 1n the normal manner of powering,
such lamps. It also 1s possible, however, to provide conven-
tional internal ballast dimming 1n addition to the switched
dimming described above, if desired. Other features, such as
uninterruptable power supply, emergency backup capability
also may be employed with the system 1f desired.

FIG. 8 1llustrates an alternative variation to provide power
to the ballasts within the housing 19 to replace the screw-in
base 18, which 1s illustrated 1n FIG. 2. For new 1installations
in particular, it 1s not necessary to provide a screw-1n base;
and the system may be hard-wired from an electrical box,
with the wiring 49 then passing through a suitable knock-out
in the housing 19. The wires passing through the knock-out
then are connected to the ballast 1n a conventional manner.
For maximum flexibility, the wiring through the knock-out
may be passed through a hollow center hook 51 attached to
the knock-out by means of a securing nut 56, as illustrated.
The hook 51 then 1s used to hang the housing 19 and the
remainder of the fixture attached to it from the ceiling by
means ol a mating hook 50, illustrated 1n FIG. 8. In all other
respects, the lighting apparatus or fixture, modified as shown
in FIG. 8, operates 1 the manner described above for the

embodiment of FIGS. 2, 3, 4 and S.

FIG. 6 1llustrates an alternative embodiment for replacing,
the plates 26 and 35 with a single smaller plate 46. The
configuration with a single plate 46 (illustrated as a hexago-
nal plate) may be used for smaller reflectors 14, or for
reflectors 14 which do not need to produce the quantity of
light produced by the embodiment described 1n conjunction
with FIGS. 3, 4 and 5. As illustrated 1n FIG. 6, six lamp-base
holding tabs 48 are provided. If such a configuration 1s used
in place of the plates 26 and 35 of FIG. 3, the arrangement
of the six lamps 45, which are attached to the bases 40 on
the extensions 48, 1s similar to that for the lamps shown
attached to the bases 26 and 35 1llustrated 1n FIG. 3. The tabs
48 are bent upwardly at approximately a 20° to 30° angle to
produce the lighting spread and lumen output desired. In all
other respects, a fixture which uses the star-like configura-
tion of FIG. 6 1n place of the one shown 1n FIG. 5, operates

1n the manner described above for the embodiment of FIGS.
3, 4 and 5.

Reference now should be made to FIGS. 9 through 15,
which are directed to another preferred embodiment of the
invention. The embodiment shown in these figures 1is
directed to an eight-lamp fixture, which 1s designed as an
original equipment 1nstallation rather than as a conversion
replacement of the type described above in conjunction with
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FIGS. 2 through 6. Consequently, the reflector/fixture,
shown 1n FIGS. 9 through 12, 1s 1ideally suited for original
installation 1n facilities as a substitute for the HID lamps
which ordinarily are used 1n such facilities.

FIG. 9 1s a bottom view of the reflector of a molded plastic
fixture, which 1s made as a one-piece integral assembly
incorporating lamp support mounts 1n the base end as a
unitary part of the entire reflector assembly. The reflector
100, 1itself, 1s a generally circular bell-shaped or outwardly
flared fixture, having a base end of a first diameter and a
light-emitting end of a substantially greater diameter.
Between the base end and the light-emitting end, the reflec-
tor portion 1tself 1s comprised of a fluted reflector having a
serics of equally spaced flutes about the periphery. These
flutes include mmwardly directed flutes or creases 105, alter-
nating with outwardly directed flutes 106, forming a some-
what corrugated appearance to the reflector. Each of the
flutes 105 and 106 lie 1n planes which pass through a center
line through the center of the base end of the reflector and
the center of the light-emitting end.

The outer edge of the reflector 100 terminates 1n a flange
101 (shown most clearly in FIGS. 10, 11 and 15), which is
provided with an inward stepped portion 102 joined to the
various ridges or flutes 105 and 106. The stepped portion
102, 1n conjunction with the flange 101, provides a mounting,
ridge in which a glass or acrylic lens (not shown) may be
placed when the fixture 1s 1n use.

Since a glass lens or an acrylic lens would close off the
bottom of the fixture, 1t 1s possible for heat buildup to take
place within the fixture. To provide cooling for the fixture,
alternate ones of the spaces between the ends of each of the
inwardly formed grooves or flutes 105 and adjacent ones of
the outwardly formed flutes 106 are formed with an open
space 112 (illustrated in FIGS. 9, 10 and 15) to permit the
passage of air into the interior of the fixture. As illustrated
in FIG. 9, every other one of these generally triangularly
shaped termination ends 1s closed or filled for forming
alternating structures 110 with each of the open spaces 112.

At the top end or base end of the reflector fixture, a central
aperture 130 and several smaller apertures 136 are provided
to permit the passage of heated air outwardly from the
fixture. Consequently, when the fixture 1s 1n use, heat
buildup from the lamps within the fixture causes air to enter
the iterior of the reflector through the openings 112; and
this air, as it 1s heated by the lamps, then exits through the
central opening 130 and the apertures 136 to provide a
cooling air circulation for the fixture at all times.

The base end of the fixture 1s divided into eight equal
secgments 125/126 to provide a mounting surface or lamp
support surface for mounting compact fluorescent lamps
40/45 on each of the surfaces 125, as 1llustrated most clearly
in FIG. 15. Suitable mounting holes are provided for mount-
ing the lamps and providing electrical interconnections with
these lamps and ballasts (not shown) located above the
fixture.

As shown most clearly 1n FIGS. 14 and 15, the mounting
surfaces 125 are sloped from the edge located nearest the
central axis of the fixture, upwardly toward the base end of
the fixture, to cause lamps 40/45 located within the fixture
and mounted on the lamp support surfaces 125 to be
mounted at an angle extending outwardly from the base end,
ogenerally parallel the 1nterior surface of the reflector 100. In
this manner, the configuration and location of the various
lamps 40/45 1s substantially the same as the location and
confliguration described previously in conjunction with the
embodiment shown 1 FIGS. 2 through 6. In addition, the



Re. 36,414

9

lamp portion 45 of each of the lamps 40/45 1s located so that
it 1s centered on an 1mnwardly facing flute or groove 105; so
that light reflected from the lamp by the reflector 1s dispersed
outwardly from the reflector, and 1s not directed back into
the lamp. This improves the efficiency of the operation of the
fixture.

As 1llustrated 1n FIGS. 9,12, 13 and 14, the upper surface
of the outside of the base of the reflector/fixture 100 includes
integrally formed mount posts 132, located on four of eight

flanges 128, which provide structural strength and support
for each of the eight lamp support surfaces 125. In addition,
structural strength 1s provided for the base of the fixture, so
that 1t 1s not distorted in mounting, by means of eight ribs
134, which are dispersed about the central portion of the
base end around the opening 130. In addition, the outer edge
120 of the base portion of the fixture 1s provided with a
plurality of upstanding ribs or flanges 121, which provide air
space around the base of the fixture when 1t 1s mounted
against a ballast box or the ceiling of a facility in which the
fixture 1s mounted. These ribs 121 permit the passage of
heated air, which moves outwardly from the opening 130
and the apertures 136, to be released from the fixture itself.
These upstanding flanges 121 serve the additional purpose
of remnforcing the base end of the fixture when 1t 1s mounted
through the mounting posts 132, illustrated most clearly 1n

FIG. 14.

The fixture which 1s shown i FIGS. 9 through 15

preferably 1s molded as a unitary piece of high-impact
plastic. The interior surface of the reflector portion 100
ideally 1s coated with a specular material to provide a
maximum amount of reflection of the light produced by the
cight lamps 40/45 located within the fixture, to cause that
light to be reflected out through the light-emitting end of the
fixture. The operation of the reflector of the fixture of FIGS.
9 through 15 to produce a highly etficient widespread of
light from the various lamps 40/45, located within the
fixture, essentially 1s the same as the light dispersion from

the fixture of FIGS. 2 through 6, described above.

FIG. 16 1s a side view of another embodiment, which 1s
similar 1n structure and configuration to the one shown in
FIGS. 9 through 15, but which typically 1s made of metal,
such as aluminum and the like. The reflector 200 of the
fixture shown in FIG. 16 includes a fluted bell-shaped
portion extending from and outwardly flared from a circular
base end to terminate 1 a lens holding rim 201/202, the
shape of which 1s generally the same as the one described
above for the reflector of FIGS. 9 through 15. A fluted
reflector surface, comprised of inwardly turned creases or
ridges 205 alternating with outwardly formed creases or
ridges 206, corresponds 1n shape and function to the similar
fluted surface described above 1n conjunction with the

reflector of FIGS. 9 through 135.

At the base or upper end of the reflector 200, there 1s an
extension portion 214, which 1s similar to the portion 14A of
the reflector described above 1n conjunction with FIGS. 2
through 6. This portion 214 has slots 215, located at uniform
intervals about its periphery, to permit the passage of heated
air outwardly from the reflector 1n a manner comparable to
the passage of heated air through the central opening 130
and the apertures 136 described above 1n conjunction with
the embodiment of FIGS. 9 through 15. The fixture itself
typically 1s mounted on a ballast 219, as illustrated. In all
other respects, the metal or aluminum fixture of FIG. 16
operates and functions in the same manner as the fixtures
described above 1n conjunction with the embodiments of
FIGS. 2 through 6 and 9 through 15. The lamps located

within the reflector 200 may be mounted in a manner similar
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to the mounting shown 1n FIGS. 3 and 4; or a mounting
plate, which 1s integral with the reflector 200, and which has
a conflguration similar to the lamp support means of the base
portion of the reflector of FIGS. 9 through 15, may be
employed at the junction of the fluted portion of the reflector
200 and the upper or neck portion 214.

Any of the different embodiments of reflectors, employ-
ing a plurality of compact fluorescent lamps 40/45, may be
operated 1n conjunction with the control circuit of FIG. 7 to
provide selective operation of all or different ones of the
lamps within each of the fixtures, to provide different levels
of dimming or light control 1n accordance with the require-
ments of light levels at different times 1n the facility in which
the fixtures are installed. The light distribution patterns and
the amount of light which 1s obtained from the various
fixtures 1s substantially the same as that described above in
conjunction with the embodiment of FIGS. 2 through 6.

FIG. 7 illustrates, 1n diagrammatic fashion, the light
distribution of a typical mstallation of fixtures using reflec-
tors of the type described in conjunction with each of the
different embodiments of the invention. Typically, the light
fixtures are located at spaced intervals on or near the ceiling
of a facility. Three spaced light fixtures, for example,
employing reflectors 100 of the type disclosed in FIGS. 9
through 15, are shown, and are identified as fixtures or
reflectors 100A, 100B and 100C. These fixtures each are
spaced at the same distance above the floor of the facility,
which 1s represented 1n FIG. 17 by the bottom line on which

all of the representative light rays from the fixtures 100A,
100B and 100C terminate.

As 1s readily apparent from an examination of FIG. 17, the
light rays A from the fixture 100A not only 1lluminate the
floor or surface to be 1lluminated located directly beneath the
fixture 100A, but also extend to the areas beneath the
fixtures 100B and 100C, providing a substantial overla

between the light rays from each of the fixtures. Light rays
from the fixture 100A are identified by the letter “A”; and the

light rays from the fixtures 100B and 100C are identified,
respectively, by the letters “B” and “C” 1 FIG. 17. By the
utilization of the multiple fluorescent lamps 40/45 in each of
the fixtures, a distribution of light which i1s highly effective
for the lighting of large areas 1s obtained. Consequently, the
fixtures are 1deally suitable for lighting schools,
gymnasiums, 1ce skating rinks, warehouses, lobbies, retail
centers and the like.

A highly uniform horizontal foot-candle distribution on
the surface to be illuminated 1s obtained from the overlap
produced by these fixtures. The spread of light from these
fixtures typically is 85°, with significant overlap not only
between adjacent fixtures, but fixtures spaced a considerable
distance from one another. The spread of light or overlap 1s
orecater from each of the reflectors using the six or eight-
lamp configuration, which has been described above, than 1s
possible from the same reflectors with a single lamp located
in the center. The off-center location of the lamps and their
orientation substantially parallel to the interior of the reflec-
tors produces light emanating from the reflectors at signifi-
cantly greater angles than 1s possible from a single lamp
centered 1n the reflector.

FIG. 18 indicates, 1n a diagrammatic manner, a typical
layout of fixtures of the type described above, and spaced
apart to provide the light distribution of the type illustrated
in FIG. 17. In the arrangement shown 1n FIG. 18, a plurality
of fixtures 1s 1llustrated 1n a uniform rectangular grid, with
cach of the fixtures shown as a circle. Several of these
fixtures are identified by the designations L1, L2 and L3.
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Four of the fixtures located in the center of FIG. 12 are
specifically identified as 100A, 100B and 100D. The side-
by-side locations of adjacent fixtures 100A and 100B are in
accordance with the arrangement shown in FIG. 17. A
diagonally located fixture (with respect to the fixture 100A

12

four luminaires L2, located directly north, east, south and
west of the point below the luminaire or fixture L1. In
addition, light 1s contributed to this same point by the four
luminaires 1.3, which are immediately diagonal to the point.

L g o > These nine luminaires, in patterns repeated throughout the
of FIG. 18) is identified as 100D. In addition, the fixtures Liohtine Svstem. con triﬁ)u telt)he laroc nfa'orit o ilhglminance
100A, the two identified as 100B, and the fourth identified SIS SIS, S& Aoy o _
as 100D, are provided with the designations I.1, .2 and 1.3 at each point beneath each of the fixtures. Similar contribu-
respectively, in FIG. 18. Each of the fixtures of FIG. 18 is tions are obtained at a'll C{f the pqmts in the rectangles forlz:ned
located a distance “Y” above the floor. This distance is . beneath any four luminaires, as illustrated by the dotted lines
indicated as a vertical line extending downwardly from each in FIG. 18. The result 1s that the maximum 1lluminance at the
of the circles representative of the fixtures m FIG. 18. The work plane height of O (WPH=0') and the work plane height
floor or lowermost surface to be illuminated by the fixtures located four feet above (WPH=4") is substantially the same.
is 1dentified in FIG_— 18 }3‘}’ the des1gpat1on floor”, and 1s 1n In addition, the minimum and average 1lluminance obtained
the form of dotted lines interconnecting the lower ends of the .- throughout the area being illuminated is substantially the
vertical lines extending fr(?{m the representative ﬁxtu}'es same, whether the work plane height is at the floor or is
100A, 100B angl 100D. T%ns forms a square or box-like located four feet above the floor.
arrangement, as 1llustrated 1n FIG. 18. In addition, a box or _ _ _
square parallel to the “foor” is identified as “X” by dotted This seems to defy the inverse square law computation.
lines in FIG. 18. This square is located a uniform distance However, as the contribution from the luminaire directly
“D” above the floor, and is used subsequently in a descrip- 20 above a point, such as ’LL HICTEases (as you move the
tion of the operation of the lighting system of the fixtures calculation plane from 0" to 4) the contributions from the
employed. other luminaires are decreasing. This 1s because the angle of

For the purpose of the following description, the fixtures 111(31(.1611'(36 15 1NCTedsiis al}d the Intensity trom the other
shown 1 FIG. 18 are ecach spaced apart twenty feet on . lummﬁm? (at‘ that alngle) 1]? decreasullg. Consquently,llthi
center, and each are mounted twenty feet above the floor f’; cid f _'E’C:_ls alvo HHe o (]:;011155? HISHEZHCE rﬁm irid l;)
(WPH=0'"). Again, for the purposes of the following ¢ COLHIHDULNE AUMINAlres L4, L&, anc - b Shot ¢
discussion, assume that the distance “D” causes the plane noted thﬁat this phenomena does not confinue f:lll Fhe way up
“X” to be located four feet above the floor (WPH=4"). The o a p?lf[l,t lociated directly bbene::%th ﬂEe 1u1;11111nalre£ ‘ES t'the
fixtures employed use the reflector of FIGS. 9 through 15; 20 (fzompuha Em prane lmmf'es‘a T’leb UL Tetl, He Con fﬂ Lo
but comparable results are also obtained from fixtures of the rom the lixture or luminaire cgins 10 Increase laster as
other embodiments deseribed above the other contributions from the other luminaires decrease.

Within the rectangle 1dentified by the dotted lines at either Cionsequently, the 1lluminance level increases overall,

s , , . directly beneath any one of the fixtures as the work plane
the floor or “X” (WPH=0'" and WPH=4', respectively), .
. . . . _ . . height approaches the fixtures.
substantially uniform illuminance occurs; and the 1llumi- 15
nance 1s substantially the same at either of the two different For a typical installation, however, of the type described
work plane heights. Excellent uniformity from the layout above 1n conjunction with FIGS. 17 and 18, extremely
system of the fixtures 1s obtained. Throughout the area, at uniform illuminance levels 1 the outlined square 1n WPH 0
both of these levels, only relatively minor variations in and WPH 4 are obtained. Readings of an actual mnstallation
luminous intensity occur. The amount of light 1s calculated 40 which were obtained 1n this area at equally spaced one foot
in accordance with conventional computations, which fol- intervals (note that the fixtures are spaced apart 20'and are
low the 1nverse square law. For the area directly beneath any located 20" above WPH=0") are illustrated for an eight-lamp
orven luminaire, L1 for example, light contribution directly fixture of the type shown in FIGS. 9 through 15. For
bencath the luminaire 1s obtained from the luminaire or WPH=0' the following horizontal luminance readings are
fixture LL1. Light also 1s contributed at this same point by the shown 1n Table 1.
TABLE 1
241 243 247 250 255 259 264 2069 272 275 276 275 272 269 264 259 255 250 2477 243 241
D + + + + + + + + + + + + + + + + + + + D
243 245 248 251 256 260 265 270 273 276 2777 276 273 270 265 260 256 251 248 245 243
+ + + + + + + + + + + + + + + + + + + + +
247 248 250 254 258 26.2 2677 271 275 277 278 277 275 271 2677 262 258 254 250 248 247
+ + + + + + + + + + + + + + + + + + + + +
250 251 254 257 261 265 270 274 2777 280 281 28.0 277 274 270 265 261 257 254 251 250
+ + + + + + + + + + + + + + + + + + + + +
255 256 258 261 265 269 273 2777 28.0 282 283 282 280 2777 273 269 265 261 258 256 255
+ + + + + + + + + + + + + + + + + + + + +
259 260 26.2 265 269 273 276 28.0 283 285 286 285 283 280 276 273 269 26,5 262 26.0 259
+ + + + + + + + + + + + + + + + + + + + +
264 265 267 270 273 27.6 28.0 283 28.6 288 288 288 286 283 280 276 273 270 2677 265 264
+ + + + + + + + + + + + + + + + + + + + +
209 270 271 274 2777 280 283 28.6 289 290 290 290 289 28.6 283 28.0 277 274 271 270 2069
+ + + + + + + + + + + + + + + + + + + + +
272 273 275 2777 280 283 28.6 289 29.0 292 292 292 29.0 289 286 283 280 277 275 273 272
+ + + + + + + + + + + + + + + + + + + + +
275 276 277 280 282 285 288 290 292 293 293 293 292 290 288 285 282 280 277 276 275
+ + + + + + + + + + + + + + + + + + + + +
276 2777 27.8 281 283 286 288 200 292 293 294 293 292 200 288 286 283 281 278 2777 27.6
+ + + + + + + + + + + + + + + + + + + + +
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TABLE 1-conftinued
275 27.6 277 28.0 282 285 288 29.0 292 293 293 293 29.2
+ + + + + + + + + + + + +
27.2 273 275 2777 280 283 28.6 289 290 292 29.2 292 29.0
+ + + + + + + + + + + + +
2069 270 271 274 2777 28.0 283 28.6 289 290 290 290 289
+ + + + + + + + + + + + +
26.4 265 26,77 27.0 273 276 280 283 28.6 288 288 288 28.6
+ + + + + + + + + + + + +
259 26.0 262 265 269 273 27.6 280 283 285 286 285 283
+ + + + + + + + + + + + +
255 256 258 261 265 209 273 277 28.0 282 283 282 280
+ + + + + + + + + + + + +
25.0 251 254 257 261 265 270 274 277 280 281 28.0 27.7
+ + + + + + + + + + + + +
247 248 250 254 258 262 267 271 275 277 278 277 275
+ + + + + + + + + + + + +
24.3 245 248 251 256 2060 265 270 273 276 277 276 273
+ + + + + + + + + + + + +
24.1 243 2477 250 255 259 264 269 272 275 27.6 275 272
D + + + + + + + + + + + +

It should be noted that for the above readings, the hori-

zontal units are 1n foot-candles. As 1s apparent, the maxi-
mum value 1s at the center of the region, the fixtures
themselves are located at the four corners and 1dentified by 25
the circles 1n the corners in Table 1. For WPH 0 the readings

in foot-candles are as follows:

Maximum Value=29.4

29.0

28.9

28.6

28.3

28.0

27.7

27.4

27.1

27.0

26.9
+

28.8

28.6

28.3

28.0

27.6

27.3

27.0

26.7

26.5

26.4
+

28.5

28.3

28.0

27.6

27.3

26.9

26.5

26.2

26.0

25.9
+

Maximum Average=1.1

Average/Minimum=1.1

Coef. of Variance=0.3

14

28.2

28.0

277

27.3

26.9

26.5

26.1

25.8

25.6

25.5
+

28.0

27.7

27.4

27.0

26.5

26.1

25.7

25.4

25.1

25.0
+

27.7

27.5

27.1

26.7

26.2

25.8

25.4

25.0

24.8

24.7
+

27.6

27.3

27.0

26.5

26.0

25.6

25.1

24.8

24.5

24.3
+

2'7.5

27.2

26.9

26.4

25.9

25.5

25.0

24.7

24.3

24.1

Minimum Value=24.1
Average Value=27.1

30

For the same fixtures, operated at the same 1ntensity level,

a measurement then was taken in plane X, work plane height

four feet (WPH=4"); and the results are shown in Table 2

Maximum/Minimum=1.2 below:
TABLE 2
234 237 242 249 257 265 274 282 289 293 294 293
D + + + + + + + + + + +
237 240 244 251 258 266 275 283 289 293 295 293
+ + + + + + + + + + + +
242 244 248 254 261 269 277 284 29.0 294 295 204
+ + + + + + + + + + + +
249 251 254 259 265 273 280 286 291 294 295 204
+ + + + + + + + + + + +
257 258 26.1 265 271 2777 283 288 292 294 295 204
+ + + + + + + + + + + +
265 266 269 273 277 282 286 290 293 294 295 294
+ + + + + + + + + + + +
274 275 277 28.0 283 286 289 292 293 294 294 294
+ + + + + + + + + + + +
28.2 283 284 28,6 288 290 292 293 293 294 294 294
+ + + + + + + + + + + +
28,9 289 290 291 292 293 293 293 293 293 293 293
+ + + + + + + + + + + +
293 293 294 294 294 294 294 294 293 293 293 293
+ + + + + + + + + + + +
294 295 295 295 295 295 294 294 293 293 2972 293
+ + + + + + + + + + + +
293 293 294 294 294 294 294 294 293 293 293 293
+ + + + + + + + + + + +
289 289 290 291 292 295 293 293 293 29035 293 293
+ + + + + + + + + + + +
28.2 283 284 286 288 290 292 293 293 294 294 294
+ + + + + + + + + + + +
274 275 2777 280 283 286 289 292 293 294 294 294
+ + + + + + + + + + + +
26.5 26,6 269 273 2777 282 28.6 290 29.3 294 295 294
+ + + + + + + + + + + +
257 258 26.1 265 271 277 283 288 292 294 295 294
+ + + + + + + + + + + +
249 251 254 259 265 273 280 286 291 294 295 204
+ + + + + + + + + + + +
242 244 248 254 261 269 277 284 29.0 294 295 204
+ + + + + + + + + + + +

28.9

28.9

29.0

29.1

29.2

29.3

29.3

29.3

29.3

29.3

29.3

29.3

29.3

29.3

29.3

29.3

29.2

29.1

29.0
+

28.2

28.3

28.4

28.6

28.8

29.0

29.2

29.3

29.3

29.4

29.4

29.4

29.3

29.3

29.2

29.0

28.8

28.6

28.4
+

27.4

277.5

27.7

28.0

28.3

28.6

28.9

29.2

29.3

29.4

29.4

29.4

29.3

29.2

28.9

28.6

28.3

28.0

27.7
+

26.5

20.6

26.9

27.3

27.7

28.2

28.6

29.0

29.3

29.4

29.5

29.4

29.3

29.0

28.6

28.2

27.7

27.3

26.9
+

25.7

25.8

26.1

26.5

27.1

27.7

28.3

28.8

29.2

29.4

29.5

29.4

29.2

28.8

28.3

27.7

27.1

26.5

26.1
+

24.9

25.1

25.4

25.9

26.5

27.3

28.0

28.6

29.1

29.4

29.5

29.4

29.1

28.6

28.0

27.3

26.5

25.9

25.4
+

24.2

24.4

24.8

25.4

26.1

26.9

27.7

28.4

29.0

29.4

29.5

29.4

29.0

28.4

27.7

20.9

26.1

25.4

24.8
+

23.7

24.0

24.4

25.1

25.8

26.6

27.5

28.3

28.9

29.3

29.5

29.3

28.9

28.3

27.5

26.6

25.8

25.1

24.4
+

23.4

23.7

24.2

24.9

25.7

26.5

27.4

28.2

28.9

29.3

29.4

29.3

28.9

28.2

27.4

26.5

25.7

24.9

24.2
+
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TABLE 2-conftinued
23.7 240 244 251 258 206.6 275 283 289 293 295 293 289 283 275 26,6 258 251 244 240 237
+ + + + + + + + + + + + + + + + + + + + +
23.4 2377 242 249 257 265 274 282 289 293 294 293 289 282 274 265 257 249 242 2377 234
D + + + + + + + + + + + + + + + + + + + D

For Table 2, the units are 1n foot-candles; and the results
are as follows:

Maximum Value=29.5
Minimum Value=23.4

Average Value=27.9

Maximum/Minimum=1.3
Maximum/Average=1.1
Average/Minmimum=1.2
Coef. of Variance=0.3

Because of the widespread distribution pattern of the
light, these uniform horizontal foot-candle light readings
clearly show that the system produces a uniform volume of
light, and not just a uniform horizontal plane of light. This
1s 1important for installations where objects need to be seen
above tloor level, or above some basic illumination plane.
For example, 1n sports arenas a ball may travel through the
air and pass through different vertical heights beneath the
illumination system. Another situation 1s where there 1is
shelving, and objects are stacked vertically, such as in
supermarkets and warchouses. Since a uniform volume of
light 1s produced by the system, and not just a uniform
horizontal plane of light, significantly improved useful light-
ing 1s obtained from the system. For typical metal halide
fixture, more concentrated light distribution 1s provided.
Much less overlap of the light from adjacent fixtures occurs;
and uniformity 1s poorer than with the system described
above. In particular, in heights above ground level of WPH=
0, uniformity with conventional lighting systems typically 1s
very poor, as the light level increases quickly directly
beneath fixtures with increasing distance from the floor,
while 1t decreases at points between the fixtures. This causes
a significant deterioration of uniformity of the light level
above the floor level.

Lighting designers 1n the past have paid considerable
attention to levels of foot-candles, failing to take into
account that objects bemng lighted may be located 1 a
vertical plane. For example, 1n warehouses and supermar-
kets most objects to be seen are vertical. In a sports arena,
a moving bail may be seen from the side; and thus the light
levels 1n a generally vertical plane are very important. The
system, which 1s described above and which 1s 1llustrated
diagrammatically in FIGS. 17 and 18, not only operates at a
relatively low energy level and high efficiency, which 1n and
of themselves are significant advantages, but in addition, this
uniform volume of light produces improved overall visibil-
ity 1n vertical planes which has not been obtained from other
systems of the prior art.

Various changes and modifications will occur to those
skilled 1n the art, without departing from the true scope of
this mnvention as defined in the appended claims.

I claim:

1. Lighting apparatus including in combination:

reflector means having a base end of a first size and a
light-emitting end of a second size larger than said first
size and having a center line extending from the center
of the base end to the center of the light-emitting end
thereof;
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lamp support means located within said reflector means at
the base end thereof for supporting a plurality of
compact fluorescent lamps substantially equally angu-
larly displaced about said center line within said reflec-
tor means between the base end and the light-emitting,
end thereot, said lamp support means including at least
two lamp support surfaces on said lamp support means
on opposite sides thereof and angled toward the base
end of said reflector means for causing compact tluo-
rescent lamps supported thereby to extend outwardly at
an angle from said center line toward the light-emitting
end of said reflector means to substantially parallel said
reflector means; and

means for supplying operating electric power to lamps

supported by said lamp support means.

2. The combination according to claim 1 wheremn said
lamp support means comprises an i1ntegral part of the base
end of said reflector means.

3. The combination according to claim 2 wheremn said
lamp support surfaces on said lamp support means are
located adjacent said reflector means and are angled toward
the base end of said reflector means by an amount selected
to cause compact fluorescent lamps supported thereby to be
more closely located to said reflector means than to said
center line.

4. The combination according to claim 3 wherein said
reflector means has substantially circular cross sections 1n
planes perpendicular to said center line.

5. The combination according to claim 4 wherein said
substantially circular cross sections increase 1n diameter
from the base end of said reflector means to the light-
emitting end thereof.

6. The combination according to claim 1 wherein said first
size ol said base end of said reflector means 1s a {first
diameter and said second size of said light-emitting end of
said reflector means 1s a second diameter.

7. The combination according to claim 1 wherein said
lamp support surfaces on said lamp support means are
located adjacent said reflector means and are angled toward
the base end of said reflector means by an amount selected
to cause compact fluorescent lamps supported thereby to be
more closely located to said reflector means than to said
center line.

8. The combination according to claim 1 wherein said
reflector means has substantially circular cross sections in
planes perpendicular to said center line.

9. The combination according to claim 8 wherein said
substantially circular cross sections increase 1n diameter
from the base end of said reflector means to the light-
emitting end thereof.

10. [The combination according to claim 1] Lighting
apparatus tncluding in combination.

reflector means having a base end of first size and a
light-emitting end of a second size larger than said first
size and having a center line extending from the center
of the base end to the center of the light-emitting end
thereof,

lamp support means located within said reflector means at
the base end thereof for supporting a plurality of
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compact fluorescent lamps substantially equally angu-
larly displaced about said center line within said
reflector means between the base end and the light-
emtiting end thereof, said lamp support means tnclud-
ing at least two lamp support surfaces on said lamp
support means on oppostie sides thereof and angled
toward the base end of said reflector means for causing
compact fluorescent lamps supported thereby to extend
outwardly at an angle from said center line toward the
light emitting end of said reflector means to substan-
tially parallel said reflector means;

means for supplying operating electric power to lamps
supported by said lamp support means; and
wherein said lamp support means includes eight equally-
spaced lamp support surfaces thereon.

11. The combination according to claim 10 wherein said
lamp support surfaces on said lamp support means are
located adjacent said reflector means and are angled toward
the base end of said reflector means by an amount selected
to cause compact fluorescent lamps supported thereby to be
more closely located to said reflector means than to said
center line.

12. The combination according to claim 1 wherein said
reflector means 1s a generally bell-shaped fluted reflector
with the flutes lying in planes passing through said center
line.

13. [The combination according to claim 12] Lighting
apparatus tncluding in combination.

reflector means having a base end of first size and a
light-emitiing end of a second size larger than said first
size and having a center line extending from the center
of the base end to the center of the light-emitiing end
thereof;

lamp support means located within said reflector means at
the base end thereof for supporting a plurality of
compact fluorescent lamps substantially equally angu-
larly displaced about said center line within said
reflector means between the base end and the light-
emitting end thereof, said lamp support means includ-
ing at least two lamp support surfaces on said lamp
support means on oppostie sides thereof and angled
toward the base end of said reflector means for causing
compact fluorescent lamps supported thereby to extend
outwardly at an angle from said center line toward the
light emitiing end of said reflector means to substan-
fially parallel said reflector means;

means for supplying operating electric power to lamps
supported by said lamp support means;

wherein said reflector means is a generally bell-shaped
fluted reflector with the flutes lying in planes passing
through said center line; and
wherein portions of the flutes of said fluted reflector which
lie closest to said center line also are located to be substan-
fially centered with compact fluorescent lamps mounted on
said lamp support surfaces.

14. The combination according to claim 13 wherein said
lamp support surfaces on said lamp support means are
located adjacent said reflector means and are angled toward
the base end of said reflector means by an amount selected
to cause compact fluorescent lamps supported thereby to be
more closely located to said reflector means than to said
center line.

15. An 1llumination system having a plurality of reflector
means located a predetermined distance from a surface to be
illuminated and spaced apart in a predetermined grid pattern
above the surface to be illuminated, in which each of said
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reflector means has a base end of a first size and a light-
emitting end of a second size larger than said first size, and
having a center line extending from the center of the base
end to the center of the light-emitting end thereof, said
system 1ncluding;

a plurality of lamp support means, each located within a
different one of said reflector means at the base end
thereof for supporting a plurality of [compound] com-
pact fluorescent lamps substantially equally angularly
displaced about said center line within each of said
reflector means between the base end and the light-
emitting end thereof, said lamp support means com-
prising a support member 1ncluding at least two lamp
support surfaces on opposite sides thercof, and angled
toward the base end of said reflector means for causing,
compact fluorescent lamps supported thereby to extend
outwardly at an angle from said center line toward the
light-emitting end of said reflector means to substan-
tially parallel said reflector means;

means for supplying operating electric power to lamps
supported by said lamp support means; and

said predetermined spacing between said reflector means
being such that light emanating from the light-emitting
end of each of said reflector means at a work plane
height overlaps light emitted from others of said reflec-
tor means 1n said pattern, and other reflector means 1n
said pattern beyond the nearest reflector means to each
of said reflector means.

16. The combination according to claim 15 wherein each
of said reflector means has substantially circular cross
sections 1n planes perpendicular to said center line.

17. The combination according to claim 16 wherein said
substantially circular cross sections increase 1n diameter
from the base end of each of said reflector means to the
light-emitting means thereof.

18. The combination according to claim 17 wherein each
of said reflector means comprises an outwardly flared 1nside
surface, and wherein said lamp support surfaces are located
to cause compact fluorescent lamps supported thereby to be

oriented substantially parallel to said outwardly flared
reflector means.

19. The combination according to claim 18 wherein
means for supplying electric power operates to selectively
apply power to different numbers of lamps supported by said
support means 1n each of said reflector means.

20. The combination according to claim 19 wherein said
means for supplying operating eclectric power further
includes a plurality of ballasts associated with each of said
reflector means for supplying power to corresponding lamps

supported by said lamp support means.

21. The combination according to claim 15 wherein each
of said reflector means comprises an outwardly flared inside
surface.

22. The combination according to claim 19 wherein
means for supplying electric power operates to selectively
apply power to different numbers of lamps supported by said
support means 1n each of said reflector means.

23. The combination according to claim 15 wherein
means for supplying electric power operates to selectively
apply power to different numbers of lamps supported by said
support means 1n each of said reflector means.

24. A lighting apparatus including in combination.

an outwardly flared fixture having a base end of a first size
and a light-emitting end of a second size larger than the
first size, and having a center line extending from the
center of the base end to the center of the light-emitiing
end thereof, and including a plurality of flutes config-
ured to disperse light through the light emitiing end of
the fixture;
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a plurality of linear light sources, each source including
a light-generating portion that is at least twice as long
as its width;

a support located within the fixture at the base end thereof

20

heights, located from zero to at least 20 percent of the
predetermined distance above the surface to be illuminated,
overlaps light emitted from others of the fixtures in the
pattern, beyond the next nearest fixture, in such a manner as

configured to support the plurality of linear light s ., provide a substantially uniform distribution of light at and

sources angularly displaced about the center line
within the fixture between the base end and the light
emitting end thereof, the support including a plurality
of support surfaces, each support surface configured to
support the linear light sources so that the length of the
light-generating portions extend outwardly at an angle
from the center line toward the light-emitting end of the
fixture to substantially parallel the fixture such that
each of a plurality of points located along the fixture

receives a plurality of light rays with various angles of

incidence and emanating from along the length of the
light-generating portions of the linear light sources, so
that light rays are dispersed through the larger light-
emiiting end of the fixture in both vertical and hori-
zontal components to directly generate a defined circle
of light beneath the fixture; and

a power supply ctrcuit coupled to and supplying operating
electric power to linear light sources supported by the
SUpport.

25. The lighting apparatus of claim 24 wherein the linear
light sources are mounted on the support surfaces relative to
the fixture so that the light rays emanating from the light
emitting end of the fixture collectively create a circle of light
at a surface to be illuminated beneath the lighiing
apparatus, and wherein the circle of light has a diameter
that is at least two times the distance between the light-
emitting end of the fixture and the surface to be illuminated.

20. The lighting apparatus of claim 24 wherein the length
of the light-generating portions of the linear light sources
that parallel the outwardly flared fixture 1s greater than or
equal to one fourth the distance from the base end to the
light-emitting end.

27. The lighting apparatus of claim 24 wherein the power
supply circuit includes a power selection circuit coupled to
and selectively applying power to different numbers of linear
light sources supported by the support surfaces in the fixture.

28. The lighting apparatus of claim 27 wherein the power
supply ctrcuit further includes a plurality of remote ballasts,
each ballast being coupled to corresponding linear light
sources supported by the support surfaces.

29. The lLighting apparatus of claim 28 wherein the
plurality of ballasts are located external to the outwardly
flared fixture.

30. The combination according to claim 24 further com-
prising a plurality of the lighting apparatuses located a
predetermined distance from a surface to be illuminated and
spaced apart in a predetermined grid pattern above the
surface to be illuminated to form an illumination system
wherein the light emanaiting from the light-emitiing end of
each of the fixtures and received at a plurality of work plane
heights, located from zero to at least four feet above the
surface to be illuminated, overlaps light emiited from others
of the fixtures in the paitern, beyond the next nearest fixture,
in such a manner as to provide a substantially uniform
distribution of light at and between each work plane height.

31. The combination according to claim 24 further com-
prising a plurality of the lighting apparatuses located a
predetermined distance from a surface to be illuminated and
spaced apart in a predetermined grid pattern above the
surface to be illuminated to form an illumination system
wherein the light emanating from the light-emitting end of
each of the fixtures and received at a plurality of work plane
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between each work plane height.

32. The lighting apparatus of claim 24 wherein the power
supply circuit includes a power selection circuit that oper-
ates to vary the amount of light emitted from the light-
emitting end.

33. The lighting apparatus of claim 24 wherein the linear
light sources are mounted on the support surfaces relative to
the fixture so that the light rays emanating from the light
emitting end of the fixture collectively create a circle of light
at a surface to be illuminated beneath the lighiing
apparatus, and wherein the circle of light has a diameter
that is within 2.0 to 2.4 times the distance between the light
emitting end of the fixture and the surface to be illuminated.

34. The lighting apparatus of claim 1 wherein the light-
emiiting end directs light towards a surface to be illumi-
nated.

35. The lighting apparatus of claim 34 wherein the means
for supplying operating electric power includes a power
selection circuit coupled to and selectively applying power
to different numbers of the compact fluorescent lamps.

36. The lighting apparatus of claim 35 wherein the means
for supplying operating electric power includes a plurality
of remote ballasts, each ballast being coupled to at least one
of the compact flourescent lamps.

37. An tllumination system having a plurality of outwardly
flared fixtures located a predetermined distance from a
surface to be illuminated, and spaced apart in a predeter-
mined grid pattern above the surface to be illuminated in
which each of the fixtures has a base end of a first size and
a light-emitting end of a second size larger than the first size,
and having a center line extending from the center of the
base end to the center of the light-emitting end thereof, the
system tncluding;

a plurality of linear light sources, each source including
a perceptible light-generating portion that is at least
wice as long as its width;

a plurality of supports, each located within a different one
of the fixtures at the base end thereof configured to
support the plurality of linear light sources angularly
displaced about the center line within each of the
fixtures between the base end and the light-emitting end
thereof, each support including a plurality of support
surfaces, each support surface configured to support
the linear light sources so that the length of the
light-generating portions extend outwardly at an angle
from the center line toward the light-emitting end of the
fixture to substantially parallel the fixture;

a power supply circuit coupled to and supplying operating
electric power to linear light sources supported by the
supports; and

the predetermined spacing between the fixtures being such
that light emanating from the light-emitting end of each
of the fixtures and received at a plurality of work plane
heights, located from zero to at least four feet above the
surface to be illuminated, overlaps light emitied from
others of the fixtures in the pattern, beyond the next
nearest fixture, in such a manner as to provide a
substantially uniform distribution of light at and
between each work plane height.

38. The system of claim 37 wherein each fixture includes

a plurality of flutes configured to disperse light.
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39. The system of claim 38 wherein the support surface of

each fixture 1s configured to align the length of the light-
generaiing portions of the linear light sources relative to the
fixture and its fluting so that each of a plurality of points
located along the fixture receives a plurality of light rays
with various angles of incidence and emanating from along
the length of the light-generating portions of the linear light
sources, so that light rays are widely dispersed by the fixture
in both vertical and horizontal components.

40. The system of claim 39 wherein the power supply
circuit ncludes a power selection circuit coupled to and
selectively applying power to different numbers of linear
light sources supported by the support surfaces in each of
the fixtures.

41. The system of claim 40 wherein the power supply
ctrcult further includes a plurality of remote ballasts, each
ballast being coupled to at least one associated linear light
sources supported by the support surfaces.
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42. The system of claim 41 wherein the plurality of
ballasts are located external to each of the outwardly flared
fixtures.

43. The system of claim 37 wherein the linear light

sources are configured in each fixture so that each of a
plurality of points located along the fixture receives a
plurality of light rays with various angles of incidence and
emanating from along the length of each linear light source.

44. The system of claim 49 wherein the linear light
sources located within each of the fixtures are mounted on
the support surfaces relative to the fixture such that the light
rays emanating from the light-emitting end of the fixture
collectively create a circle of light at a surface to be
uminated beneath the fixture, the circle of light having a
diameter that is at least two times the distance between the
light-emitting end of the fixture and the surface to be
uminated.
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