
1 

 

 

 Lighting Apparatus 

 

TECHNICAL FIELD  

[0001] 

 The present invention relates to a lighting apparatus that comprises a 

reflector and a cone.  

 

BACKGROUND  

[0002] 

 In the field of lighting apparatus, a downlight that comprises a reflector 

and a cone is known (for example, see Patent Document 1). 

[0003] 

 Patent Document 1 indicates that an object of an invention according 

Patent Document 1 is “to provide a downlight, in which a light transmission 

opening has a smaller diameter, and which can make the presence as a lighting 

apparatus less noticeable, and with which excellent designability can be 

obtained.”  

[0004] 

 Patent Document 1 describes a means for achieving this object as 

follows: “The downlight of the present invention comprises: an elliptical reflection 

plate (reflector) having an ellipsoidal shape; a light source lamp disposed in an 

internal space of the elliptical reflection plate; a substantially cylindrical structure 

disposed at a lower portion of the elliptical reflection plate, and having a shape 

whose diameter is gradually decreased from its upper end to its lower end; and a 

cone portion (cone) disposed at a lower portion of a light transmission opening at 

a lower end of the substantially cylindrical structure, and having a substantially 

cylindrical shape whose diameter is gradually increased toward its lower 

portion.” 

PRIOR ART  

Patent Document  

[0005] 

 Patent Document 1: JP-A-2008-16417  
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SUMMARY OF THE INVENTION  

PROBLEMS TO BE SOLVED BY THE INVENTION  

[0006] 

 In the invention according to Patent Document 1 described above, the 

light that goes out from the light source lamp and is reflected by the elliptical 

reflection plate is effectively used for lighting purpose as controlled (controllable) 

light, but the light that goes out from the light source and then hits the 

substantially cylindrical structure is not be used for lighting purpose, and thus 

efficiency is reduced accordingly.  

[0007] 

 The present invention is provided in view of the issues described above, 

and an object is to provide a lighting apparatus having a structure, in which 

controlled reflection light is efficiently emitted from the lighting apparatus, and in 

which the controlled reflection light does not hit a cone, thereby glare in the cone 

is suppressed.  

 

MEANS FOR SOLVING THE PROBLEMS  

[0008] 

 The invention according to claim 1 is characterized in that a lighting 

apparatus comprises: a light source; a reflector having a first reflection surface 

with a shape of a surface of revolution, and having a downward light emission 

outlet through which direct light from the light source and reflection light from the 

first reflection surface being emitted; and a cone having a substantially truncated 

conical second reflection surface, an upper opening opposing the light emission 

outlet, and a lower opening having a larger diameter than the upper opening, 

wherein the cone is disposed outside optical paths of controlled reflection light 

from the first reflection surface. 

[0009] 

 The invention according to claim 2 is characterized in that, in the lighting 

apparatus according to claim 1, the second reflection surface has a shape being 

linear or curved concave toward the optical axis of the light source, in a cross 
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section cut along a plane including the optical axis.  

[0010] 

 The invention according to claim 3 is characterized in that, in the lighting 

apparatus according to claim 1 or 2, the light source has a planar light-emitting 

surface, and when a line that connects an inner periphery edge of the upper 

opening and an inner periphery edge of the lower opening, which are 

respectively located on one side with respect to the optical axis in the cross 

section, is defined as a first reference line, and when a line that connects an 

inner periphery edge of the upper opening and an inner periphery edge of the 

lower opening, which are respectively located on the other side with respect to 

the optical axis in the cross section, is defined as a second reference line, then 

the light-emitting surface is disposed in a region interposed between the first 

reference line and the second reference line after these reference lines intersect 

with each other.  

[0011] 

 The invention according to claim 4 is characterized in that, in the lighting 

apparatus according to claim 3, the first reflection surface has a spheroidal 

shape that is obtained by revolving a portion of an ellipse that has its major axis 

on the optical axis, wherein its upper first focal point is disposed at the center of 

the light-emitting surface, and its lower second focal point is disposed lower than 

the upper opening of the cone.  

[0012] 

 The invention according to claim 5 is characterized in that, in the lighting 

apparatus according to any one of claims 1 to 4, the diameter of an inner 

periphery edge of the light emission outlet of the reflector and the diameter of an 

inner periphery edge of the upper opening of the cone are set to be substantially 

the same.  

[0013] 

 The invention according to claim 6 is characterized in that, in the lighting 

apparatus according to claim 5, the cone comprises: a cone body having the 

second reflection surface; and a ring shaped light-shielding member covering an 

inner periphery edge at an upper end of the cone body, wherein the diameter of 
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the inner periphery edge of the light emission outlet is smaller than the diameter 

of the inner periphery edge at the upper end of the cone body, and greater than 

the diameter of an inner periphery edge of the light-shielding member that 

configures an inner periphery edge of the upper opening.  

 

EFFECTS OF THE INVENTION  

[0014] 

 According to the invention of claim 1, the cone does not require a portion 

that corresponds to the substantially cylindrical structure that was needed in the 

prior art.  An area for the first reflection surface thus can be increased 

accordingly.  As a result, the reduction in the amount of the controllable 

reflection light reflected by the first reflection surface can be prevented.  

[0015] 

 In addition, the cone is disposed outside the optical paths of the 

controlled reflection light from the first reflection surface, and thus the controlled 

reflection light from the first reflection surface does not hit the cone, and glare in 

the cone can be suppressed.  

 In addition, the cone can reduce spread reflection.  Therefore a larger 

glare cut-off angle for the whole lighting apparatus can be obtained.  

[0016] 

 Controlled reflection light herein refers to reflected light as designed 

(intended).  Uncontrollable reflection light herein refers to reflected light that 

may be called unintended reflection light (spread reflection light), for example, 

the light reflected by a defect in the first reflection surface or reflected by a lower 

edge of the first reflection surface of the reflector, or the light reflected by the first 

reflection surface multiple times.  

[0017] 

 According to the invention of claim 2, the second reflection surface has a 

shape being linear or curved concave toward the optical axis, when viewed in a 

cross section cut along a plane including the optical axis of the light source.  As 

a result, among the spread reflection light (unintended reflection light), the light 

that hits the second reflection surface is more readily directed downward (for 
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example, a direction to a floor surface) and less likely to cause glare than a case 

where the second reflection surface has a shape being curved convex toward 

the optical axis.  

[0018] 

 According to the invention of claim 3, the planar light-emitting surface of 

the light source is disposed in a region (angle range) interposed between the 

first reference line and the second reference line after these reference lines 

intersect with each other.  Therefore, the direct light from the light-emitting 

surface will not hit the second reflection surface.  In other words, the cone will 

not undesirably reduce the amount of direct light.  

[0019] 

 According to the invention of claim 4, the second focal point is disposed 

lower than the upper opening of the cone.  As a result, the angle of light, which 

goes out from the light-emitting surface and is reflected by the first reflection 

surface and is then emitted from the lower opening of the cone, with respect to a 

level surface can be increased, and thus the light is less likely to hit the cone 

than a case where the second focal point is disposed in the upper opening, for 

example.  

[0020] 

 According to the invention of claim 5, the diameter of the inner periphery 

edge of the light emission outlet of the reflector and the diameter of the inner 

periphery edge of the upper opening of the cone are set to be substantially the 

same.  The cone therefore will not undesirably reduce the direct light from the 

light source.  

[0021] 

 According to the invention of claim 6, the diameter of the inner periphery 

edge of the light emission outlet of the reflector is smaller than the diameter of 

the inner periphery edge at the upper end of the cone body, and greater than the 

diameter of the inner periphery edge of the light-shielding member that 

configures the inner periphery edge of an upper opening.  Therefore, the cone 

can control light by shielding direct light near the outer periphery, without 

undesirably reducing the amount of direct light. 
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BRIEF DESCRIPTION OF THE DRAWINGS  

[0022] 

 Figs. 1 to 6 illustrate a lighting apparatus 1 of Embodiment 1, and Fig. 1 

is a front view of the lighting apparatus 1 mounted on a ceiling surface C.  

 Fig. 2 is an oblique view of the lighting apparatus 1 viewed from 

obliquely above.  

 Fig. 3 is an oblique view of the lighting apparatus 1 viewed from 

obliquely below.  

 Fig. 4 is a view as seen in a direction of X-X arrow line in Fig. 1.  

 Fig. 5 is a view as seen in a direction of X-X arrow line in Fig. 1, and 

illustrates optical paths of controlled reflection light.  

 Fig. 6 is a view as seen in a direction of X-X arrow line in Fig. 1, and 

illustrates optical paths of uncontrollable reflection light (spread reflection light).  

 Fig. 7 illustrates a lighting apparatus 2 of Embodiment 2, which 

corresponds to Fig. 5 for Embodiment 1.  

 

EMBODIMENTS FOR IMPLEMENTING THE INVENTION  

[0023] 

 Embodiments, to which the present invention is applied, are described in 

detail with reference to drawings.  In the drawings, elements designated by a 

same numerical reference have a same or similar configuration, and duplicate 

explanation thereof is omitted.  In addition, in the drawings, elements that are 

not necessary for explanation are omitted as appropriate.  

 

Embodiment 1 

 A lighting apparatus 1 according to Embodiment 1, to which the present 

invention is applied, is described with reference to Figs. 1 to 6. 

[0024] 

 Fig. 1 is a front view of the lighting apparatus 1 mounted on a ceiling 

surface C.  Fig. 2 is an oblique view of the lighting apparatus 1 viewed from 

obliquely above.  Fig. 3 is an oblique view of the lighting apparatus 1 viewed 
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from obliquely below.  Fig. 4 is a view as seen in a direction of X-X arrow line in 

Fig. 1.  Fig. 5 is a view as seen in a direction of X-X arrow line in Fig. 1, and 

illustrates optical paths of controlled reflection light.  Fig. 6 is a view as seen in 

a direction of X-X arrow line in Fig. 1, and illustrates optical paths of 

uncontrollable reflection light (spread reflection light).  In the description below, 

up, down, right, and left indicated by arrows in Fig. 4 correspond to up, down, 

right, and left directions of the lighting apparatus 1.   

 As illustrated in Figs. 1 to 4, the lighting apparatus 1 has a substantially 

cylindrical shape centering on an optical axis L.  The optical axis L coincides 

with a central axis C1 of the lighting apparatus 1.   

 The lighting apparatus 1 comprises a socket 10, a light source 20, a 

body 30, a reflector 40, and a cone 50.   

[0025] 

 As illustrated in Fig. 4, the socket 10 comprises a cylindrical outer wall 11, 

a cylindrical inner wall 12, a heat sink 13 for absorbing heat generated at the 

light source 20, and multiple heat dissipation fins 14 that are radially disposed 

and dissipate the heat from the heat sink 13.   

[0026] 

 A planar light source having a planar light-emitting surface 20d can be 

used for the light source 20.  Examples of the planar light source may include: 

for example, a COB (chip-on-board) type light source in which multiple LED 

elements are disposed in a planar arrangement; or multiple LED lamps disposed 

in a planar arrangement.  The light source 20 is mounted to a lower surface of 

the heat sink 13.  The light-emitting surface 20d is substantially circular, with its 

center 20a disposed on the optical axis L.  In Fig. 4, outer periphery edges of 

the light-emitting surface 20d are designated as end portions 20b, 20c, each at 

an equal distance from the center 20a. 

[0027] 

 The shape of the light-emitting surface 20d of the light source 20 is not 

limited to the substantially circular shape as described above, and may be any 

other shape, such as a square.  In addition, the light source 20 may be a point 

light source.  Examples of the point light source may include, for example, a 
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halogen lamp, an HID, or the like.   

[0028] 

 The body 30 comprises a cylindrical outer wall 31, a cylindrical inner wall 

32, and multiple heat dissipation fins 33 disposed between the outer wall 31 and 

inner wall 32.  A lower end of the socket 10 described above is secured to an 

upper end of the body 30.   

 The reflector 40 has a spheroidal (substantially a barrel-like) shape.  

The reflector 40 is accommodated, positioned, and secured inside the inner wall 

12 of the socket 10 and the inner wall 32 of the body 30.   

[0029] 

 In the present embodiment, the reflector 40 comprises an upper block 

40A and a lower block 40B, which are combined and secured at a junction 

surface 40S to configure the whole reflector 40.  The position of the junction 

surface 40S coincides with the minor axis (not shown) of an ellipse described 

later that is used as a base.  The reflector 40 in the present embodiment 

comprises the upper block 40A and the lower block 40B combined at the junction 

surface 40S as described above, for convenience in manufacturing.  However, 

theoretically, the reflector 40 may be integrally formed as a whole.   

[0030] 

 The reflector 40 has a light incidence inlet (opening) 40a at an upper end 

(base end side), and a downward light emission outlet (opening) 40b at a lower 

end (tip end side).  The light from the light source 20 enters through the light 

incidence inlet (opening) 40a, and the light is emitted from the downward light 

emission outlet (opening) 40b.   

[0031] 

 As illustrated in Figs. 4 and 5, a first reflection surface 41 having a 

spheroidal shape (surface of revolution) is formed on an inner periphery surface 

of the reflector 40.  The first reflection surface 41 is contiguous both on an inner 

periphery surface of the upper block 40A and on an inner periphery surface of 

the lower block 40B.  

[0032] 

 As illustrated in Fig. 4, the first reflection surface 41 has a spheroidal 
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shape that is obtained by revolving a portion of an ellipse being used a base 

around the optical axis L.  The ellipse has its major axis (not shown) on the 

optical axis L in a cross section cut along a plane including the optical axis L 

(hereafter simply referred as “the cross section”).  This ellipse used as a base 

has the major axis on the optical axis L, and its upper first focal point f1 coincides 

with the center 20a of the light source 20, and its lower the second focal point f2 

is disposed lower than the light emission outlet 40b, and also lower than an 

upper opening 50a of the cone 50 described below.  

[0033] 

 The light, which goes out from the center 20a of the light source 20 and 

is reflected by the first reflection surface 41, results in controlled reflection light 

(intended reflection light as designed).  The controlled reflection light is emitted 

from the light emission outlet 40b, and goes into the upper opening 50a of the 

cone 50 described below, and passes through the second focal point f2, and is 

emitted from a lower opening 50b of the cone 50.  Among the light that goes out 

from the center 20a of the light source 20, the light that hits a lower portion of the 

first reflection surface 41 exhibits a greater emission angle with respect to the 

optical axis L, after its reflection.  In other words, the emission angle of 

reflection light is maximized for light incident in close proximity to an inner 

periphery edge d at a lower end (the lower end of the first reflection surface 41) 

of the reflector 40 in Fig. 4, excepting the inner periphery edge d itself.  As used 

below, “in close proximity to the inner periphery edge d” does not include the 

inner periphery edge d itself.  The light that goes out from the light source 20 

and hits the inner periphery edge d results in uncontrollable reflection light 

(spread reflection light).  

 The cone 50 is now described in detail with reference to Figs. 4 and 5.   

[0034] 

 The cone 50 comprises a substantially truncated conical second 

reflection surface 52, the upper opening 50a opposing the light emission outlet 

40b of the reflector 40, and the lower opening 50b having a larger diameter than 

the upper opening 50a.   

[0035] 
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 As illustrated in Fig. 4, the cone 50 further comprises a cone body 51 

having a substantially “inverted and truncated V” shape when viewed in the 

cross section, and a ring shaped light-shielding member 53 covering an inner 

periphery edge a at an upper end of the cone body 51.  

[0036] 

 The cone body 51 has a substantially truncated conical cylindrical shape.  

The second reflection surface 52 is formed on an inner periphery surface of the 

cone body 51 throughout its entire surface.  Inner periphery edges a, b are 

formed at an upper end and a lower end of the cone body 51, respectively.  The 

inner periphery edge b at the lower end of the cone body 51 is an inner periphery 

edge of the lower opening 50b of the cone 50.  The diameter of the inner 

periphery edge of the cone body 51 is the minimum at the inner periphery edge a 

at the upper end, and becomes greater at a lower portion, and is the maximum 

at the inner periphery edge b at the lower end.  

[0037] 

 In addition, the second reflection surface 52 has a shape slightly curved 

concave toward the optical axis L, on the cross section.  In other words, when a 

virtual straight line (not shown) is defined that connects the inner periphery 

edges a and b of the cone body 51, which are located on one side (left side in 

Figs. 4 and 5) with respect to the optical axis L, then the second reflection 

surface 52, excepting the inner periphery edges a and b themselves, is located 

outer from the line.  

[0038] 

 As illustrated in Figs. 4 and 5, the light-shielding member 53 has a ring 

shape having a substantially parallelogram shape in cross section, and covers 

the inner periphery edge a at the upper end of the cone body 51.  The material 

for the light-shielding member 53 may be rubber, for example.  An inner 

periphery edge c of the light-shielding member 53 configures the upper opening 

50a of the cone 50.  In other words, in the lighting apparatus 1, the inner 

periphery edge c of the light-shielding member 53 and an inner periphery edge c 

of the upper opening 50a of the cone 50 are the same (coincide with each other).  

[0039] 
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 In the present embodiment, the diameter Dd of the inner periphery edge 

d of the light emission outlet 40b of the reflector 40 and the diameter Dc of the 

inner periphery edge c of the upper opening 50a of the cone 50 are set to be 

substantially the same.  

[0040] 

 In more detail, when the diameter of the inner periphery edge a at the 

upper end of the cone body 51 is defined as Da, and the diameter of the inner 

periphery edge c of the light-shielding member 53 is defined as Dc, and the 

diameter of the inner periphery edge d of the light emission outlet 40b of the 

reflector 40 is defined as Dd, then the reflector 40 and the cone 50 are 

configured to satisfy a relation among these diameters Da, Dc, Dd of: 

 Da ≧ Dd ≧ Dc (where Da ≠ Dc).  

[0041] 

 This configuration enables the light-shielding member 53 to control light 

by shielding the direct light near the outer periphery edge that is irradiated 

radially from the light-emitting surface 20d of the light source 20, and to prevent 

light incident on the inner periphery edge a of the cone body 51 which otherwise 

causes spread reflection.  This configuration minimizes the reduction in the 

amount of direct light as much as possible.  

[0042] 

 A virtual straight line that connects the inner periphery edge b of the 

lower opening 50b and the inner periphery edge c of the upper opening 50a, 

which are respectively located on one side (for example, left side) with respect to 

the optical axis L illustrated in Fig. 4, is now defined as a first reference line M1.  

Another virtual straight line that connects the inner periphery edge b of the lower 

opening 50b and the inner periphery edge c of the upper opening 50a, which are 

respectively located the other side (right side), is defined as a second reference 

line M2.  When the first reference line M1 and the second reference line M2 are 

extended upward, they gradually approach each other, and intersect with each 

other at an angle α on a point P on the optical axis L, and after the intersection, 

the lines extend obliquely above being gradually spaced away from each other.  

[0043] 
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 In the present embodiment, the point P is located near the junction 

surface 40S of the reflector 40 (substantially the midpoint between the first focal 

point f1 and the second focal point f2) in a vertical direction.  This means that, in 

designing the cone 50, the first reference line M1 and the second reference line 

M2 can be determined, for example by previously determining the point P, a 

vertical position of the upper opening 50a of the cone 50, and the diameter Dc of 

the inner periphery edge c.  By placing the inner periphery edge b of the lower 

opening 50b of the cone 50 on the first reference line M1 and the second 

reference line M2 that are determined as described above, the cone 50 can be 

basically designed.  

[0044] 

 In the present embodiment, the planar light-emitting surface 20d of the 

light source 20 is disposed within a region interposed between the first reference 

line M1 and the second reference line M2 after these reference lines intersect 

with each other at the point P (within the range of the angle α whose vertex is the 

point P).   

 With this configuration, even when a planar light source is used for the 

light source 20, the direct light from the light source 20 will not hit the second 

reflection surface 52, preventing occurrence of glare.  

 The light that goes out from the light source 20 and is reflected by the 

first reflection surface 41, which results in controlled reflection light, is described 

below with reference to Fig. 5.  

[0045] 

 In the present embodiment, the first reflection surface 41 has a 

spheroidal shape as described above.  In Fig. 5, the first focal point f1 is 

disposed at the center 20a of the light source 20, and the second focal point f2 is 

disposed lower than the upper opening 50a of the cone 50.  

[0046] 

 The light that goes out from the center 20a (first focal point f1) of the light 

source 20 and is reflected by the first reflection surface 41 results in the 

controlled reflection light.  The controlled reflection light is emitted from the light 

emission outlet 40b of the reflector 40, and goes into the upper opening 50a of 
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the cone 50, and passes through the second focal point f2, and is emitted from 

the lower opening 50b.  

[0047] 

 For example, reflection light La’ is the light that goes out from the center 

20a of the light source 20 and then hits and is reflected from the highest portion 

of the first reflection surface 41.  Reflection light La is the light that also goes 

out from the center 20a of the light source 20 and then hits and is reflected from 

the lowest portion (in close proximity to the inner periphery edge d) of the first 

reflection surface 41.  Reflection light Lb is the light that goes out from the end 

portion 20b on one side (left side) of the light source 20, and is reflected in a 

portion in close proximity to the inner periphery edge d.  Reflection light Lc is 

the light that goes out from the end portion 20c on the other side (right side) of 

the light source 20, and is reflected in a portion in close proximity to the inner 

periphery edge d.  

[0048] 

 A virtual straight line that connects the inner periphery edge d on one 

side of the light emission outlet 40b of the reflector 40 and the inner periphery 

edge b on the other side of the lower opening 50b of the cone 50 is now defined 

as a third reference line M3.  An angle formed by the third reference line M3 

and a level surface H (ceiling surface C) is defined as a glare cut-off angle θ.  

 In the example illustrated in Fig. 5, an angle θc of the reflection light Lc 

with respect to the level surface H (= 90 degrees - emission angle) is the 

smallest.  

[0049] 

 In the present embodiment, the light source 20, the reflector 40, and the 

cone 50 are configured to satisfy a relation of θc > θ, so that the light, which goes 

out from the light source 20 and is reflected by the first reflection surface 41 and 

thus results in the controlled reflection light, will not hit the second reflection 

surface 52.  

[0050] 

 In other words, the cone 50 is disposed outside the optical paths of the 

controlled reflection light from the first reflection surface 41.  This ensures that 
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the cone 50 will not reduce the amount of the controlled reflection light.  

[0051] 

 In the description above, the shape of the cone 50 in cross section is 

slightly concave curved.  However, instead of this example, the shape may be 

linear, or may be convex curved.   

 The relation between the cone 50 and spread reflection light is described 

below with reference to Fig. 6.  

[0052] 

 As illustrated in Fig. 6, the light that is reflected by the first reflection 

surface 41 of the reflector 40 may include uncontrollable (unintended) spread 

reflection light, other than the controlled reflection light (reflection light as 

designed) described with reference to Fig. 5.  Reflection light L0 in Fig. 6 is 

controlled reflection light.  

[0053] 

 Spread reflection light L1 in Fig. 6 is reflection light occurred by spread 

reflection, for example, due to a surface defect of the first reflection surface 41 of 

the reflector 40.  Spread reflection light L2 is reflection light occurred by multiple 

reflections due to the spread reflection light L1 described above.  Spread 

reflection light L3 is reflection light occurred by spread reflection at the inner 

periphery edge d (edge portion) of the reflector 40.  Other examples of the 

spread reflection light may include reflection light occurring at the junction 

surface 40S (see Fig. 4) between the upper block 40A and the lower block 40B 

that make up the reflector 40.  

[0054] 

 As described above, in this embodiment, reduction in the amount of the 

controlled reflection light is prevented and efficient lighting can be achieved, by 

disposing the cone 50 outside the optical paths of the controlled reflection light.  

On the other hand, the glare cut-off angle θ is increased, and uncontrollable 

spread reflection light is reduced as much as possible, by disposing the cone 50 

outside the optical paths of the controlled reflection light and also in the vicinity of 

the optical path.  

[0055] 
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 In the present embodiment, the angle of the entire light emitted from the 

lighting apparatus 1 (including direct light, controlled reflection light, and spread 

reflection light) with respect to the level surface H is equal to or greater than the 

glare cut-off angle θ.  The angle θ may be set to be equal to or greater than 30 

degrees, for example.  

 Effects and advantages of the cone 50 described above are summarized 

below.  Note that there is some duplication.  

[0056] 

 - The cone 50 does not require a portion that corresponds to a 

substantially cylindrical structure that was needed in the prior art.  Therefore, a 

larger area can be used for the first reflection surface 41, and the reduction in 

the amount of controllable reflection light can be prevented.   

[0057] 

 In addition, the cone 50 is disposed outside the optical paths of the 

controlled reflection light from the first reflection surface 41.  Therefore, the 

reflection light from the first reflection surface 41 will not hit the cone 50, and 

glare in the cone 50 can be suppressed.  

 In addition, the cone 50 can reduce spread reflection, and thereby a 

larger glare cut-off angle θ for the whole lighting apparatus 1 can be obtained.  

[0058] 

 - The second reflection surface 52 has a shape being linear or curved 

concave toward the optical axis in a cross section cut along a plane including the 

optical axis L of the light source 20.  Therefore, the light that hits the second 

reflection surface is more readily directed, for example in a direction to a floor 

surface, and less likely to cause glare, than a case where the second reflection 

surface 52 is convex curved.  

[0059] 

 - The light source 20 is disposed in a region interposed between the first 

reference line M1 and the second reference line M2 after the reference lines 

intersect with each other (within a range of the angle α).  Therefore, the direct 

light from the light-emitting surface 20d will not hit the second reflection surface 

52.  In other words, the amount of direct light will not be undesirably reduced.  
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[0060] 

 - The diameter Dd of the inner periphery edge d of the light emission 

outlet 40b of the reflector 40 and the diameter Dc of the inner periphery edge c of 

the upper opening 50a of the cone 50 are set to be substantially the same.  

Therefore, the cone 50 will not undesirably reduce the direct light from the light 

source 20.  

[0061] 

 - The second focal point f2 of the first reflection surface 41 is disposed 

lower than the upper opening 50a of the cone 50.  Therefore, the angle θ of the 

light, which goes out from the light-emitting surface 20d and is reflected by the 

first reflection surface 41 and is emitted from the lower opening 50b of the cone 

50, with respect to the level surface H can be greater, and the light is less likely 

to hit the cone 50, than a case where the second focal point f2 is disposed in the 

upper opening 50a, for example.  

[0062] 

 - The diameter Dd of the inner periphery edge d of the light emission 

outlet 40b of the reflector 40 is smaller than the diameter of Da of the inner 

periphery edge a at the upper end of the cone body 51, and is greater than the 

diameter Dc of the inner periphery edge c of the light-shielding member 53.  

Therefore, the cone 50 will not undesirably reduce the amount of direct light, and 

can control light by shielding the direct light near the outer periphery edge.  

 

 Embodiment 2 

 A lighting apparatus 2 according to Embodiment 2 is now described with 

reference to Fig. 7.  

[0063] 

 The lighting apparatus 2 in this embodiment comprises a reflector 60 

that is different from the reflector 40 in the lighting apparatus 1 in Embodiment 1.  

The configuration of the lighting apparatus 2 other than reflector 60 is the same 

as that of the lighting apparatus 1.  

 The reflector 60 has a spheroidal shape.  A spheroidal first reflection 

surface 61 is formed on an inner periphery surface of the reflector 60 throughout 
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its entire surface.  

[0064] 

 The first reflection surface 61 is obtained by revolving a portion of an 

ellipse N, which is used as a base, around the optical axis L.  The ellipse N has 

the major axis Na and the minor axis Nb.  The major axis Na is inclined toward 

the other side (right side) with respect to the optical axis L by an angle β.  The 

first focal point f1 of the ellipse N coincides with the center 20a of the 

light-emitting surface 20d of the light source 20.  

[0065] 

 In this embodiment, a portion of the ellipse N that corresponds to one 

side (left side) with respect to the major axis Na is used as the portion of the 

ellipse N.  In other words, when the ellipse N is divided into two equal parts 

along the major axis Na, a portion located in relatively lower side is used.  

[0066] 

 In this case, the angle, with respect to the level surface H (see Fig. 6), of 

the controlled reflection light La, Lc, which respectively goes out from the center 

20a and the end portion 20c of the light-emitting surface 20d and is reflected in a 

portion in close proximity to the inner periphery edge d of light emission outlet 60 

b of the reflector 60, gets smaller than a case where the major axis Na of the 

ellipse N is not inclined (the case the major axis Na is located on the optical axis 

L), and thus the reflection light La, Lc tend to be widened.  

[0067] 

 In the present embodiment, even when the major axis Na of the ellipse N 

is inclined as described above and the angle of reflection light La, Lc with 

respect to the level surface gets smaller, the controlled reflection light La, Lc will 

not hit the second reflection surface 52 of the cone 50.  

 In other words, the light source 20, reflector 60, and the cone 50 are 

configured so that the cone 50 is located outside the optical paths of the 

controlled reflection light La, Lc.  

 Effects and advantages of Embodiment 2 are substantially the same as 

those of Embodiment 1.  

[0068] 
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 In Embodiment 1 described above, the major axis of the ellipse that is 

used as a base of the first reflection surface 41 coincides with the optical axis L.  

In Embodiment 2, the major axis Na of the ellipse N that is used as a base of the 

first reflection surface 61 is inclined by the angle β with respect to the optical axis 

L.  

[0069] 

 The present invention is not limited to these examples.  For example, 

the major axis of an ellipse that is used as a base of the first reflection surface 

may be parallel to the optical axis L (except the case where the major axis 

coincides with the optical axis L).  

 In addition, the shape of the first reflection surfaces 41, 61 are not limited 

to a spheroid, and may be a similar shape, for example, a shape in which 

reflection light is collected near a focal point. 

[0070] 

 In addition, a paraboloid of revolution, for example, may be adopted 

instead of a spheroid.  In that case, the center line of its parabola may be any 

of: coinciding with the optical axis L; being parallel to the optical axis L; or being 

inclined with respect to the optical axis L.  

[0071] 

 In addition, theoretically, the first reflection surfaces 41, 61 may have any 

shape as long as the cone 50 is disposed outside the optical path of the 

controlled reflection light that hits the first reflection surface 41 or 61 and is 

reflected from the first reflection surface 41 or 61.  

 

Description of references in drawings  

[0072] 

1: lighting apparatus of Embodiment 1  

2: lighting apparatus of Embodiment 2 

10: socket  

20: light source 

20d: light-emitting surface  

30: body  
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40, 60: reflector  

40a: light incidence inlet  

40b: light emission outlet 

41, 61: first reflection surface  

50: cone  

50a: upper opening 

50b: lower opening 

51: cone body 

52: second reflection surface  

53: light-shielding member  

a: inner periphery edge at an upper end of the cone body 

b: inner periphery edge at a lower end of the cone body (inner periphery edge of 

the lower opening of the cone)  

c: inner periphery edge of the light-shielding member (inner periphery edge of 

the upper opening of the cone)  

d: inner periphery edge at a lower end of the reflector (inner periphery edge of 

the light emission outlet of the reflector)  

Da: the diameter of the inner periphery edge a of the upper end of the cone body  

Db: the diameter of the inner periphery edge b of the lower opening of the cone 

Dc: the diameter of the inner periphery edge c of the upper opening of the cone  

Dd: the diameter of the inner periphery edge d of the light emission outlet of the 

reflector  

L: optical axis  

M1: first reference line  

M2: second reference line  

α: angle range (region) between the first reference line and second reference 

line 

θ: glare cut-off angle 
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Claims 

 1. A lighting apparatus comprising: 

 a light source;  

 a reflector having a first reflection surface with a shape of a surface of 

revolution, and a downward light emission outlet through which direct light from 

the light source and reflection light from the first reflection surface being emitted; 

and 

 a cone having a substantially truncated conical second reflection surface, 

an upper opening opposing the light emission outlet, and a lower opening having 

a diameter greater than a diameter of the upper opening,  

 wherein the cone is disposed outside an optical path of controlled 

reflection light from the first reflection surface.  

 

 2. The lighting apparatus according to claim 1, wherein the second 

reflection surface has a shape being linear or curved concave toward the optical 

axis of the light source, in a cross section cut along a plane including the optical 

axis. 

 

 3. The lighting apparatus according to claim 1 or 2,  

 wherein the light source has a planar light-emitting surface, and 

 when a line connecting an inner periphery edge of the upper opening 

and an inner periphery edge of the lower opening, which are respectively located 

on one side with respect to the optical axis in the cross section, is defined as a 

first reference line, and when a line connecting an inner periphery edge of the 

upper opening and an inner periphery edge of the lower opening, which are 

respectively located on the other side with respect to the optical axis in the cross 

section, is defined as a second reference line, then the light-emitting surface is 

disposed in a region interposed between the first reference line and the second 

reference line after the reference lines intersect with each other.  

 

 4. The lighting apparatus according to claim 3, wherein the first reflection 

surface has a spheroidal shape obtained by revolving a portion of an ellipse that 
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has its major axis on the optical axis, wherein an upper first focal point is 

disposed at the center of the light-emitting surface, and a lower second focal 

point is disposed lower than the upper opening of the cone.  

 

 5. The lighting apparatus according to any one of claims 1 to 4, wherein 

the diameter of an inner periphery edge of the light emission outlet of the 

reflector and the diameter of an inner periphery edge of the upper opening of the 

cone are set to be substantially the same.  

 

 6. The lighting apparatus according to claim 5,  

 wherein the cone comprises a cone body having the second reflection 

surface, and a ring shaped light-shielding member covering an inner periphery 

edge at an upper end of the cone body,  

 and wherein the diameter of the inner periphery edge of the light 

emission outlet is smaller than the diameter of an inner periphery edge at an 

upper end of the cone body, and greater than the diameter of an inner periphery 

edge of the light-shielding member that configures an inner periphery edge of 

the upper opening. 




