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©  Lighting  apparatus  including  two  reflecting  mirrors  for  one  light  source. 

©  A  reflecting  mirror  (1)  having  its  cross  section  of 
a  parabolic  shape  is  provided  approximately  in  front 
of  a  filament  (9)  of  a  lamp  bulb  (7).  A  reflex  reflect- 
ing  portion  (5)  is  provided  between  reflecting  mirror 

(1)  and  a  socket  in  which  lamp  bulb  (7)  inserted. 
Reflex  reflecting  portion  (5)  reflects  back  emitted 
light  from  filament  (9),  and  then  directs  the  reflected 
light  forward  through  reflecting  mirror  (1). 
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The  present  invention  relates  to  lighting  ap- 
paratus,  and  particularly  to  a  lighting  apparatus 
such  as  a  flashlight  including  a  light  source  and 
reflecting  mirrors. 

Description  of  the  Background  Art 

Fig.  3  is  a  cross  sectional  view  showing  a 
structure  of  a  conventional  flashlight. 

Referring  to  Fig.  3,  a  conventional  flashlight 
includes  a  body  A  13  protecting  a  battery  housing 
portion  15,  a  battery  cover  17  covering  a  battery 
housed  in  housing  portion  15,  and  a  body  B  21 
protecting  a  lamp  bulb  7.  In  body  B  21  ,  a  reflecting 
mirror  1  is  attached  around  lamp  bulb  7  for  reflect- 
ing  forward  emitted  light  from  lamp  bulb  7,  and  a 
lens  19  for  expanding  the  irradiation  range  is  at- 
tached  in  front  of  lamp  bulb  7. 

Fig.  4  is  an  enlarged  cross  sectional  view 
showing  a  structure  of  and  around  the  lamp  bulb 
and  reflecting  mirror  of  the  flashlight  in  Fig.  3. 

First,  as  the  reference  basis,  a  line  passing 
through  the  center  of  lamp  bulb  7  is  indicated  as 
an  X-Y  axis  and  the  position  of  a  filament  9  of  lamp 
bulb  7  is  indicated  as  an  origin  0.  The  front  end  of 
reflecting  mirror  1  is  indicated  as  C,  and  the  rear 
end  is  indicated  as  D.  Since  the  structure  is  sym- 
metric  with  respect  to  X-Y  axis,  only  the  upper  half 
will  hereinafter  be  described. 

In  this  example,  an  angle  COY  is  37.5  °  ,  and  an 
angle  DOY  is  92.4°.  Luminous  flux  of  filament  9 
emitted  in  the  range  of  the  angle  COY  is  directed 
forward  without  reflected  by  reflecting  mirror  1. 
Luminous  flux  of  filament  9  emitted  in  the  range  of 
the  angle  DOC  is  reflected  by  reflecting  mirror  1  to 
be  made  parallel  to  the  axis  OY  and  directed 
forward. 

Consequently,  only  the  luminous  flux  in  the 
range  of  the  angle  DOY  (92.4°)  emitted  from  fila- 
ment  9  is  directed  forward.  A  solid  angle  ANG 
defined  by  the  range  of  the  luminous  flux  to  be 
directed  forward  by  reflecting  mirror  1  is  deter- 
mined  as  follows: 

ANG  =  5.248  (steradians) 

Assuming  that  filament  9  irradiates  uniformly 
all  the  directions,  the  utilization  efficiency  of  lu- 
minous  flux  R  of  reflecting  mirror  is  determined  as 
follows,  based  on  the  solid  angle  ANG: 

R  =  41.8% 

In  the  conventional  flashlight  described  above, 
when  a  lamp  bulb  in  which  a  filament  irradiates 
backward  (which  indicates  a  light  source  with  a 
solid  angle  over  6.28  steradians)  is  used,  it  can  not 
be  said  that  the  backward  luminous  flux  is  effec- 

tively  utilized. 
Fig.  5  shows  an  example  in  which  backward 

luminous  flux  should  be  utilized  for  forward  irradia- 
tion.  In  Fig.  5,  the  angle  COY  is  37.5°,  which  is  the 

5  same  as  in  Fig.  4,  while  the  angle  DOY  is  125.0°, 
which  is  larger  than  the  corresponding  angle  in  Fig. 
4.  Here,  a  solid  angle  ANGi  and  a  utilization  effi- 
ciency  of  luminous  flux  Ri  of  reflecting  mirror  1  are 
determined  as  follows: 

70 
ANGi  =  8.5887  (steradians) 
Ri  =  68.3%, 

showing  large  increase  in  the  utilization  efficiency 
75  of  luminous  flux.  However,  for  increasing  a  utiliza- 

tion  efficiency  of  luminous  flux  with  the  angle  COY 
being  constant,  reflecting  mirror  1  must  be  made 
larger  compared  to  Fig.  4,  as  can  be  seen  from 
Fig.  5  (compare  the  dimensions  L  in  the  figures). 

20  Fig.  6  is  a  cross  sectional  view  of  a  flashlight  with 
the  reflecting  mirror  of  Fig.  5  incorporated  therein. 
In  Fig.  6,  the  structure  around  a  lamp  bulb  is 
considerably  larger  compared  to  that  in  Fig.  3, 
which  can  not  be  lead  to  a  compact  lighting  ap- 

25  paratus  with  a  high  utilization  efficiency  of  luminous 
flux. 

SUMMARY  OF  THE  INVENTION 

30  One  object  of  the  present  invention  is  to  in- 
crease  a  utilization  efficiency  of  luminous  flux  in  a 
lighting  apparatus. 

Another  object  of  the  present  invention  is  to 
make  a  lighting  apparatus  compact  while  maintain- 

35  ing  a  utilization  efficiency  of  luminous  flux. 
In  order  to  accomplish  the  above  objects,  the 

lighting  apparatus  in  accordance  with  the  present 
invention  includes  a  light  source  with  a  solid  angle 
over  6.28  steradians  defined  by  its  irradiation 

40  range,  a  first  reflecting  mirror  for  reflecting  light 
emitted  from  the  light  source  to  direct  the  reflected 
light  forward,  and  a  second  reflecting  mirror  pro- 
vided  at  least  at  the  back  of  the  light  source,  for 
reflecting  the  emitted  light  from  the  light  source  to 

45  direct  the  reflected  light  toward  the  light  source. 
In  the  lighting  apparatus  configured  as  de- 

scribed  above,  light  emitted  backward  from  the 
light  source  is  reflected  by  the  second  reflecting 
mirror  to  be  directed  toward  the  light  source,  so 

50  that  the  utilization  efficiency  of  luminous  flux  can 
be  enhanced  while  the  apparatus  being  made  com- 
pact. 

The  foregoing  and  other  objects,  features,  as- 
pects  and  advantages  of  the  present  invention  will 

55  become  more  apparent  from  the  following  detailed 
description  of  the  present  invention  when  taken  in 
conjunction  with  the  accompanying  drawings. 

2 
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Fig.  1  is  a  cross  sectional  view  showing  a 
structure  of  a  flashlight  according  to  one  embodi- 
ment  of  the  present  invention. 

Fig.  2  is  an  enlarged  cross  sectional  view 
showing  a  structure  around  a  lamp  bulb  of  Fig.  1. 

Fig.  3  is  a  cross  sectional  view  showing  a 
structure  of  a  conventional  flashlight. 

Fig.  4  is  an  enlarged  cross  sectional  view 
showing  a  structure  around  a  lamp  bulb  of  Fig.  3. 

Fig.  5  is  an  enlarged  cross  sectional  view 
showing  another  example  of  a  structure  around  a 
lamp  bulb  of  a  conventional  flashlight. 

Fig.  6  is  a  cross  sectional  view  showing  a 
structure  of  another  conventional  flashlight  with  the 
structure  around  the  lamp  bulb  of  Fig.  5  incor- 
porated  thereinto. 

Fig.  1  is  a  cross  sectional  view  showing  a 
structure  of  a  flashlight  according  to  one  embodi- 
ment  of  the  present  invention,  and  Fig.  2  is  an 
enlarged  cross  sectional  view  of  a  structure  around 
a  lamp  bulb  and  a  reflecting  mirror  of  Fig.  1. 

Since  an  exterior  portion  of  the  flashlight  is  the 
same  as  that  of  the  conventional  one  shown  in  Fig. 
3,  the  description  is  not  repeated  and  the  structure 
around  a  light  source  will  hereinafter  be  described 
with  reference  to  Fig.  2. 

In  the  figure,  a  reflecting  mirror  1  is  provided 
approximately  in  front  of  the  position  of  a  filament  9 
of  a  lamp  bulb  7,  and  a  reflex  reflecting  portion  5  is 
provided  between  reflecting  mirror  1  and  a  socket 
11  in  which  lamp  bulb  7  is  inserted  and  fixed 
thereto. 

The  structure  and  function  of  reflecting  mirror  1 
to  which  a  fitting  piece  3  is  connected  are  basically 
the  same  as  those  of  reflecting  mirror  1  shown  in 
Fig.  4.  Specifically,  an  angle  COY  is  37.5°,  and  an 
angle  DOY  is  92.4°.  Luminous  flux  emitted  from 
filament  9  in  the  range  of  the  angle  COY  is  directed 
forward  as  it  is,  while  luminous  flux  emitted  from 
filament  9  in  the  range  of  the  angle  DOC  is  re- 
flected  by  reflecting  mirror  1  to  be  made  parallel  to 
an  axis  OY  and  directed  forward. 

Reflex  reflecting  portion  5  is  a  reflector  of 
transparent  resin  and  the  like,  molded  so  as  to 
have  a  plurality  of  rectangular  projections  formed 
on  the  sphere  centered  on  a  filament  9  as  shown  in 
the  figure.  For  example,  light  directed  from  filament 
9  to  an  A  point  of  reflex  reflecting  portion  5  is 
reflected  by  an  inner  surface  of  the  rectangular 
protruding  portion,  to  be  made  parallel  to  OA  and 
directed  toward  filament  9.  The  light  passing  near 
filament  9  is  then  incident  to  a  B  point  on  the  lower 
surface  of  reflecting  mirror  1  and  reflected  to  be 
made  approximately  parallel  to  the  axis  OY  and 
directed  forward. 

As  described  above,  provision  of  reflex  reflect- 
ing  portion  5  enables  light  emitted  backward  from 
filament  9  to  be  utilized  as  light  to  be  directed 

forward.  In  this  case,  luminous  flux  in  the  range  of 
an  angle  EOY  (125.0°)  is  directed  forward,  and 
thus  its  solid  angle  ANG2  and  its  utilization  effi- 
ciency  of  luminous  flux  R2  of  reflecting  mirror  1 

5  and  reflex  reflecting  portion  5  are  as  follows: 

ANG2  =  8.5887  (steradians) 
R2  =  68.3% 

10  Consequently,  according  to  the  present  invention, 
lighting  apparatus  having  the  same  L  dimension  of 
the  reflecting  mirror  portion  as  in  Figs.  3  and  4 
shown  as  conventional  examples,  while  having  the 
equivalent  reflection  efficiency  to  those  in  Figs.  5 

15  and  6  can  be  realized. 
In  the  above  embodiment,  a  reflex  reflecting 

portion  having  a  plurality  of  rectangular  steps  is 
provided,  while  instead,  a  reflecting  element,  such 
as  a  spherical  mirror,  may  be  provided  for  reflect- 

20  ing  back  light  from  filament  9. 
Although  the  present  invention  has  been  de- 

scribed  and  illustrated  in  detail,  it  is  clearly  under- 
stood  that  the  same  is  by  way  of  illustration  and 
example  only  and  is  not  to  be  taken  by  way  of 

25  limitation,  the  spirit  and  scope  of  the  present  inven- 
tion  being  limited  only  by  the  terms  of  the  appen- 
ded  claims. 

Claims 
30 

1.  A  lighting  apparatus,  comprising: 
a  light  source  (9)  having  a  solid  angle  over 

6.28  steradians  defined  from  its  irradiation 
range; 

35  a  first  reflecting  mirror  (1)  for  reflecting 
light  emitted  from  said  light  source  to  direct 
the  reflected  light  forward;  and 

a  second  reflecting  mirror  (5)  provided  at 
least  at  the  back  of  said  light  source,  for  re- 

40  fleeting  the  light  emitted  from  said  light  source 
to  direct  the  reflected  light  toward  said  light 
source. 

2.  The  lighting  apparatus  according  to  claim  1, 
45  wherein 

said  second  reflecting  mirror  is  formed  of 
transparent  material  including  a  reflex  reflect- 
ing  portion. 

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

said  second  reflecting  mirror  includes  a 
spherical  mirror. 

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

said  lighting  apparatus  includes  a  flash- 
light. 
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