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(54)  Directional  lamp  shade, 

©  A  directional  lamp  shade  having  a  hollow  tubular  body 
(10)  to  be  fitted  to  light  source  (13)  and  having  an  open  exit 
end.  The  length  (14)  of  the  body  is  chosen  to  prevent  direct 
light  passing  through  the  open  end  outside  a  predetermined 
cone  semi-angle  (y).  The  body  has  a  plurality  of  baffles  (15)  in 
the  form  of  annular  disks  which  prevent  an  observer  looking 
through  the  body  open  end  from  outside  the  light  cone  and 
seeing  directly  illuminated  portions  of  the  body  inner 
surface.  The  inner  edges  of  the  disks  are  sharpened  to 

.  minimise  specular  and  diffuse  reflections  therefrom.  The 
disks  may  be  equally  spaced. 
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T h i s   i n v e n t i o n   r e l a t e s   to   d i r e c t i o n a l   lamp  s h a d e s   f o r  

m i n i m i z i n g   t h e   l i g h t   e m i t t e d   f rom  a  s o u r c e   o u t s i d e   one  g e n e r a l  

d i r e c t i o n .  

O v e r h e a d   l i g h t i n g   ( i . e .   l i g h t i n g   f r o m   o v e r h e a d  

l i m i n a i r e s )   i s   u s e d   f o r   t he   g r e a t   m a j o r i t y   o f   w o r k p l a c e s .  

T a s k s   s u c h   as  r e a d i n g   and  w r i t i n g  a t   a  d e s k   a r e  o f t e n  d o n e   w i t h  

i l l u m i n a t i o n   p r o v i d e d   s o l e l y   by  t h e   o v e r h e a d   l i g h t i n g   s y s t e m  

u s e d   f o r   g e n e r a l   room  i l l u m i n a t i o n .   S o m e t i m e s   i t   i s   a d v a n t a g -  

e o u s  t o   p r o v i d e   i n c r e a s e d   i l l u m i n a t i o n   i n   c e r t a i n   p a r t s   o f   t h e  

r o o m ;   t h i s   may  be  done   w i t h  l o c a l   l i g h t   s o u r c e s   s u c h   as  d e s k   o r  

r e a d i n g   l a m p s   or  w i t h   a  more  d i r e c t i o n a l   t y p e   o f   l u m i n a i r e  

( e . g .   s p o t l a m p s )   w h i c h  f o r   c o n v e n i e n c e   m a y  b e   m o u n t e d   on  a  

n e a r b y   w a l l   or  c e i l i n g .  

One  e n v i r o n m e n t   w h e r e   d i r e c t i o n a l   l i g h t   s o u r c e s   a r e  

u s e d   i s   in  a i r   t r a f f i c   c o n t r o l   t o w e r   c a b i n s .   L i g h t   i s   r e q u i r e d  

in  s u c h   c a b i n s   f o r  r e a d i n g ,   w r i t i n g ,   s e e i n g   i n s t r u m e n t s   a n d  

o p e r a t i n g   c o n t r o l s   and  c o m m u n i c a t i o n   e q u i p m e n t .   At  n i g h t ,   t h e  

c a b i n   o p e r a t o r s   n e e d   to  be  a b l e   to  s e e   t h e   dim  e x t e r n a l   s c e n e  

w i t h o u t   h i n d r a n c e   f rom  t h e  c a b i n   l i g h t i n g  -   e i t h e r   a s  

d i s a b i l i t y   g l a r e   or  as  r e f l e c t i o n s   in  t h e   w i n d o w s .   F i g u r e   1 

o f   t h e   a c c o m p a n y i n g   d r a w i n g s   i l l u s t r a t e s   s c h e m a t i c a l l y   t h e  

p r o b l e m   of   l i m i n a i r e   r e f l e c t i o n   in  a  w i n d o w .   Windows   in  s o m e  

f l i g h t   c o n t r o l   c a b i n s   and  some  o t h e r   c o n t r o l   c e n t r e s   s l o p e  

o u t w a r d s   t o w a r d s   t he   t o p .   T h i s   a l l o w s   a  b e t t e r   d o w n w a r d s   v i e w  

f rom  c l o s e   to  t h e   w i n d o w ,   but   o b j e c t s   in  t h e   u p p e r   p a r t   of   t h e  

c a b i n  i n t e r i o r   can   t h e n   c a u s e   u n w a n t e d   i m a g e s   o v e r l y i n g   t h e  

e x t e r n a l   f i e l d   v i ew  a r o u n d   and  a b o v e   t h e   h o r i z o n t a l   d i r e c t i o n .  

I f   t h o s e   o b j e c t s   a r e   m o d e r a t e l y   d a r k   ( a s   a  r e s u l t   of   d i m  

i l l u m i n a t i o n   of   p o o r l y   r e f l e c t i v e   s u r f a c e s ) ,   t h e n   the   r e s u l t i n g  

i m a g e s   w i l l   be  r e l a t i v e l y   f a i n t .   H o w e v e r ,   c a b i n s   w i t h   l i g h t  

c o l o u r e d   c e i l i n g s   and  u n s h i e l d e d   l u m i n a i r e s   ( e . g .   e x p o s e d  

f l y o r e s c e n t   t u b e s )   w i l l   t e n d   to  have   r e l a t i v e l y   p r o m i n e n t   i m a g e s  

in  t h e i r   w i n d o w s .  

O t h e r   a p p l i c a t i o n s   f o r   d i r e c t i o n a l   l i g h t   s o u r c e s  

i n c l u d e   a i r c r a f t   c a r r i e r   f l y i n g   c o n t r o l   c a b i n s ,   s h i p ' s   b r i d g e s ,  

r a i l w a y   and  c r a n e   c o n t r o l   c a b i n s   and  o t h e r   s i t u a t i o n s   w h e r e  

o p e r a t o n s   need   p a n e l   or  desk   i l l u m i n a t i o n   w i t h   m i n i m a l   d e g r a c a t i c  

of   t h e i r   e x t e r n a l   v i e w .   O t h e r   a p p l i c a t i o n s   f o r   a  s p o t l a m p  

w i t h   l i t t l e   o f f - a x i s   i l l u m i n a t i o n   a r e   f o r   s e a r c h l i g h t s ,   l a n d i n g  

l i g h t s ,   t e l e v i s i o n   and  p h o t o g r a p h i c   s t u d i o s   a r t   g a l l e r i e s .  



r a d a r   s c r e e n   m o n i t o r i n g   a r e a s   and  i n t r u d e r   d e t e c t i o n   s y s t e m s  

f o r   e x a m p l e .  

P r o j e c t o r - t y p e   s p o t l a m p s   h a v i n g   an  i l l u m i n a t e d  

a p e r t u r e   w h i c h   i s   i m a g e d   by  an  o b j e c t i v e   l e n s  o n   a  w o r k p l a c e  

a r e   k n o w n .   H o w e v e r ,   t h e s e   d e v i c e s   a r e  b u l k y   and  e x p e n s i v e  

and  t h e   o b j e c t i v e   l e n s e s   a r e   v i s i b l e   f rom  as   much  as   80  d e g r e e s  

from  t h e   a x i s .   S t r a y   l i g h t   f rom  m u l t i p l e   r e f l e c t i o n s   and  l e n s  

i m p e r f e c t i o n s   wou ld   r e n d e r   u n s h a d e d   p r o j e c t o r s   u n s u i t a b l e   f o r  

f l i g h t   c o n t r o l   c a b i n s   f o r   e x a m p l e .   A d d i t i o n   o f   an  e f f e c t i v e  

s h a d e   w o u l d   add  s u b s t a n t i a l l y   to  t h e i r   a l r e a d y   e x c e s s i v e  

l e n g t h .  

More  c o n v e n t i o n a l   m e t h o d s   fo r   l i m i t i n g   o f f - a x i s  

i l l u m i n a t i o n   i n c l u d e   t he   use   of  s h a d e s   and  l o u v r e   d e v i c e s .  

S h a d e s   a r e   u s u a l l y   c y l i n d r i c a l   or  c o n i c a l   in   s h a p e ;   and  l o u v r e s  

can  h a v e   l i n e a r ,   g r i d   or  c y l i n d r i c a l   e l e m e n t s .   The  e f f e c t i v e -  
n e s s  o f   t h e s e   i s   r e l a t e d   t o  t h e   l i g h t   a b s o r b i n g   p r o p e r t i e s   o f   . :  

t he   i n n e r   s u r f a c e s   of   t he   d e v i c e .   Even  w i t h   m a t e r i a l s   h a v i n g  

u n u s u a l l y   s m a l l   t o t a l   r e f l e c t a n c e s   ( s u c h   as  b l a c k   f l o c k   p a p e r  
and  b l a c k   v e l v e t ) ,   as  much  as  one  p e r   c e n t   o f   t h e   i n c i d e n t  

l i g h t   may  be  r e f l e c t e d .   A  c y l i n d r i c a l   s h a d e   w i t h   an  i n s i d e  

l i n i n g   o f   c l e a n   b l a c k   f l o c k   p a p e r   has   b e e n   f o u n d   u n a c c e p t a b l y  

b r i g h t   f o r   u s e   in  f l i g h t   c o n t r o l   c a b i n s   f o r   e x a m p l e .   F u r t h e r -  

more ,   b l a c k   f l o c k   p a p e r   a n d  b l a c k   v e l v e t   a r e   n o t o r i o u s l y  

d i f f i c u l t   to  k e e p   c l e a n   and  d e p o s i t s   of   a i r b o r n e   d u s t   s o o n  

d e g r a d e   t h e   s p e c i a l   l i g h t   a b s o r b i n g   p r o p e r t i e s   o f   t h a t   t y p e  

o f  m a t e r i a l .  

I t   i s   an  o b j e c t  o f   t h e   p r e s e n t   i n v e n t i o n  t o   p r o v i d e  

a  r e l a t i v e l y   s i m p l e   l a m p  s h a d e   w h i c h   i s   e f f e c t i v e   to  p r o v i d e  

i l l u m i n a t i o n   w i t h i n   a  p r e d e t e r m i n e d   a r e a   w h i l s t   a l l o w i n g   v e r y  

l i t t l e   l i g h t   to  r e a c h  o u t s i d e   t h a t ·  a r e a . -  

A c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n   t h e r e   i s   p r o v i d e d  

a  lamp  s h a d e   f o r   use   w i t h   a  l i g h t   s o u r c e   and  i n c l u d i n g   a  h o l l o w  

t u b u l a r   body   a r r a n g e d   to  be  m o u n t e d   o v e r   t h e   l i g h t   s o u r c e ,   t h e  

body  h a v i n g   an  open  e x i t   and  s p a c e d   from  t h e   l i g h t   s o u r c e   f o r  

a l l o w i n g   a  l i g h t   cone   to  e m e r g e   f rom  t he   b o d y ,   t h e - l e n g t h   o f  

t he   body  b e i n g   p r e d e t e r m i n e d   so  t h a t   no  d i r e c t   l i g h t   r ay   p a t h s  

from  t he   l i g h t   s o u r c e   t h r o u g h   the   open  e x i t   end  l i e   o u t s i d e   a  

p r e d e t e r m i n e d   cone  s e m i - a n g l e ,   at   l e a s t   one  b a f f l e   e x t e n d i n g  

i n w a r d l y   f rom  the   body  and  a r r a n g e d   so  t h a t   no  p a r t   of  t h e  

i n s i d e   s u r f a c e   of  t he   body  t h a t   is   c a p a b l e   o f   d i r e c t   i l l u m i n a t i o n ,  



by  t h e   l i g h t   s o u r c e   can  be  s e e n   t h r o u g h   t h e   e x i t   end  f rom  a  

p o i n t   l o c a t e d   s u b s t a n t i a l l y   o u t s i d e   t he   l i g h t   c o n e .  

The  " l e n g t h   of   t h e   body"   i s   t he   d i m e n s i o n   in   t h e  

g e n e r a l   d i r e c t i o n   f rom  t h e   l i g h t   s o u r c e   to  t h e   open   e x i t   e n d .  

T h r o u g h o u t   t h i s  s p e c i f i c a t i o n   t h e   word  " c o n e "   i s   to  b e  

i n t e r p r e t e d   b r o a d l y   and  i n c l u d e s   g e n e r a l l y   r i g h t   c i r c u l a r  

c o n e s ,  e l l i p t i c a l   c o n e s ,   s q u a r e   and  r e c t a n g u l a r   p y r a m i d a l  

i l l u m i n a t e d   a r e a s   and  s u b s t a n t i a l   s e c t o r s   t h e r e o f .   T h e  " c o n e  

s e m i - a n g l e "  i s   d e f i n e d   as  t h e   maximum  d e s i r e d   a n g l e   b e t w e e n   a n  

a x i s   e x t e n d i n g   f rom  t h e  c e n t r e   of   t h e   l i g h t   s o u r c e   t h r o u g h   t h e  

c e n t r e   of   t he   open   e x i t   e n d  o f  t h e   body  and  the   d i r e c t   l i g h t  

beam  p a t h   e m e r g i n g   f rom  t h e   s h a d e   and  d i v e r g i n g   at   t h e   l a r g e s t  

p o s s i b l e   a n g l e  f r o m   t h a t   a x i s .  

T h i s   g e o m e t r y   of   t h e   lamp  s h a d e   i s   d e s i g n e d   t o  

p r e v e n t   d i r e c t   l i g h t   f rom  t h e   s o u r c e   r e a c h i n g   o u t s i d e   t h e  

p r e d e t e r m i n e d   a r e a   and  to  p r e v e n t   mos t   l i g h t   t h a t   has   u n d e r g o n e  

o n l y   one  s p e c u l a r  o r   d i f f u s e   r e f l e c t i o n . w i t h i n   t he   s h a d e   f r o m  

r e a c h i n g   o u t s i d e   t he   p r e d e t e r m i n e d   a r e a .  

In  t h e   p r e f e r r e d   a r r a n g e m e n t   t h e   b o d y   i s  g e n e r a l l y  

c y l i n d r i c a l   h a v i n g   an  u p p e r   end  f o r   r e c e i v i n g   t h e   l i g h t   s o u r c e  

and  a  l o w e r   end  d e f i n i n g   t h e   open   e x i t   e n d ,   t he   s h a d e   i n c l u d i n g  

a  p l u r a l i t y   o f   t h e   b a f f l e s ,   e a c h   b a f f l e   b e i n g   in  t he   fo rm  o f  

an  a n n u l a r   d i s k   h a v i n g   a  c e n t r a l   o p e n i n g .   In   a n o t h e r   a r r a n g e -  

ment   t he   body  i s   in  the   form  of   a  t r u n c a t e d   h e m i s p h e r e   w i t h  

t h e   l i g h t   s o u r c e   a r r a n g e d   to  be  l o c a t e d   in  t h e   l a r g e s t  

d i a m e t e r   p o r t i o n   and  the   open   e x i t   end  b e i n g   p r o v i d e d   in  t h e  

s m a l l e s t   d i a m e t e r   p o r t i o n ,   t he   s h a d e   i n c l u d i n g   a  p l u r a l i t y   o f  

b a f f l e s   in  t he   form  of   a n n u l a r   d i s k s   e x t e n d i n g   i n w a r d l y   o f   t h e  

b o d y ,   t h e   s p a c i n g   b e t w e e n   t h e   d i s k s   r e d u c i n g   t o w a r d s   t h e  o p e n  

e x i t   end  of   t he   b o d y . '  

The  b a f f l e s   may  have   s h a r p   i n n e r   e d g e s   to   m i n i m i s e  

r e f l e c t i o n s   t h e r e f r o m .   A c c o r d i n g l y   t he   i n n e r   e d g e s   of   t h e   d i s k s  

d e f i n i n g   the   c e n t r a l   o p e n i n g s   may  be  c h a m f e r e d   at   b o t h   t h e  

u p p e r   and  l o w e r   s u r f a c e s   of   t he   d i s k s .   A l t e r n a t i v e l y   t h e   i n n e r  

e d g e s   of   e a c h   d i s k   d e f i n i n g   the   c e n t r a l   o p e n i n g   may  be  t u r n e d  

u p w a r d l y   t o w a r d s   the   l i g h t   s o u r c e   at   an  a n g l e   to  t he   p l a n e   o f  

the   d i s k ,   t he   u p p e r   s u r f a c e   of   the   d i s k   at   t h e   i n n e r   e d g e s   a l s o  

b e i n g   c h a m f e r e d   at   an  a n g l e   to  t h e  p l a n e   o f   the   d i s k .  

One  p o s s i b l e   e m b o d i m e n t ,  o f   the   p r e s e n t   i n v e n t i o n   a n d  

some  p o s s i b l e   c o n s t r u c t i o n a l   v a r i a t i o n s   w i l l   now  be  d e s c r i b e d  



w i t h   r e f e r e n c e   to  t h e   a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h :  

F i g u r e   1  i s   a  s c h e m a t i c   v i e w   of   a  work   s t a t i o n  

a d j a c e n t   a  window  i l l u s t r a t i n g   t h e   p r o b l e m   o f   l u m i n a i r e  

r e f l e c t i o n   in  t he   w i n d o w ,  

F i g u r e   2  i s   a  s c h e m a t i c   s i d e   s e c t i o n a l   v i e w   of   a  

l a m p   s h a d e   a c c p r d i n g   t o  o n e   e m b o d i m e n t  o f   t h e   p r e s e n t  

i n v e n t i o n ,  

F i g u r e   3  i l l u s t r a t e s   how  t h e   b a f f l e   s p a c i n g s   a r e  

d e t e r m i n e d ,  

F i g u r e   4  i l l u s t r a t e s   a  p o s s i b l e   p r o b l e m   w i t h  

r e f l e c t i o n s   f rom  t h e   d i s k   i n n e r   e d g e s ,  

F i g u r e   5  shows   t h e   l i m i t s   o f   r e f l e c t i n g   a n g l e s   f r o m  

t h e   d i s k   i n n e r   e d g e s ,  

F i g u r e   6  shows   t h e   u m b r a l   and  p e n u m b r a l  r e g i o n s   o f  

t h e   l i g h t   c o n e ,  

F i g u r e s  7   and  8  show  two  e m b o d i m e n t s   o f   s h a r p e n e d  

d i s k s ,  

F i g u r e   9  shows   a  v a r i a t i o n   o f   t h e   F i g u r e   2  c o n s t r u c t -  

i o n ,   a n d  

- F i g u r e   10  shows   a  b o t t o m   p l a n   v i e w   w i t h   a  m o d i f i e d  

d i s k .  

R e f e r r i n g   to  F i g u r e  2 ,   t h e   lamp  s h a d e   i s   f o r  

p r o d u c i n g   a  r i g h t   c i r c u l a r   l i g h t   c o n e   and  t h e   body  10  i s  

g e n e r a l l y   c y l i n d r i c a l   h a v i n g   an  u p p e r   end  11  f o r   r e c e i v i n g   t h e  

l i g h t  s o u r c e   13,  t h e   c o n n e c t i o n   b e t w e e n   t h e   l i g h t   s o u r c e   13 

and  t h e   u p p e r   end  11  p r e f e r a b l y   b e i n g   l i g h t   t i g h t .   I f   d e s i r e d  

t h e   u p p e r   end  11  may  be  p r o v i d e d   w i t h   a i r   v e n t s   ( n o t   s h o w n )  

w h i c h  a l l o w   c o o l i n g   a i r   f l o w   o v e r   t h e   s o u r c e   13  b u t   w h i c h  

p r o v i d e   a  t o r t u o u s   p a t h   f o r   e s c a p e   o f   l i g h t .   The  l o w e r  e n d   1 2  

o f   t h e   c y l i n d r i c a l   body   10  d e f i n e s   t h e   o p e n   e x i t   end  14  and  may  

be  p r o v i d e d   w i t h   a  p r o t e c t i v e   s k i r t   of   a  r e s i l i e n t   m a t e r i a l  

s u c h   as  n e o p r e n e   to  p r o t e c t   t he   s h a d e   and  a l s o   to  g u a r d   a g a i n s t  

a  p e r s o n   b e i n g   i n j u r e d   by  t h e   l o w e r   end  12  o f   t h e   body   1 0 .  

The  body  10  i s   p r e f e r a b l y   made  of   an  o p a q u e   m a t e r i a l  

s u c h   as  m e t a l   or  s u i t a b l e   p l a s t i c s   m a t e r i a l .  

The  l e n g t h   H  of   t he   body  10,  as  m e n t i o n e d   a b o v e ,   i s  

c h o s e n   to  p r e v e n t   d i r e c t   l i g h t   f rom  t h e   s o u r c e   13  r e a c h i n g   a r e a s  

o u t s i d e   t h e   c o n e .   A  l e n g t h   of   180  mm  and  a  d i a m e t e r   of   150  mm 

d i a m e t e r  u s e d   w i t h   a  s p o t l a m p   of   100  mm  f a c e   d i a m e t e r   ( y i e l d i n g  

a  c o n e   s e m i - a n g l e   Y  of  a b o u t   35  d e g r e e s )   was  f o u n d   to  be  a n  



a c c e p t a b l e   c o m p r o m i s e   b e t w e e n   s e v e r a l   c o m p e t i n g   f a c t o r s   i n  a  

f l i g h t   c o n t r o l   c a b i n : -   i . e . ,   h e a d r o o m   r e q u i r e d ,   e x t e n d ,  

q u a n t i t y   and  e v e n n e s s   or  w o r k s p a c e   i l l u m i n a t i o n ;   and  t h e  

c u t o f f   a n g l e   b e t w e e n   i l l u m i n a t e d   and  s h a d e d   r e g i o n s .  

From  an  a n a l y s i s   of   t h e   work  s p a c e   r e q u i r e m e n t s   t h e  

l e n g t h   o f   t he   b o d y  1 0   may  be  d e t e r m i n e d   f rom  t h e   f o r m u l a  

w h e r e   γ  i s  t h e   c o n e   s e m i - a n g l e ,   W  i s   t h e  b o d y   d i a m e t e r ,  H   i s  

t he   body  l e n g t h   and  D  i s   t h e  l a m p  d i a m e t e r .  

A  f u r t h e r  c h a r a c t e r i s t i c   o f  t h e   s h a d e  p e r t a i n s   t o  

s t r a y   l i g h t   r a y s   o u t s i d e . t h e   cone   s e m i - a n g l e   γ .   T h e s e   r e s u l t  

f rom  r e f l e c t i o n   a n d / o r   d i f f r a c t i o n  o f   s o u r c e   r a y s   by  t h e   i n n e r  

s u r f a c e   of  t he   body   10.  B e c a u s e   p e r f o r m a n c e   i s   i n v e r s e l y   r e l a t e d  

to  t he   amoun t   o f   s t r a y  l i g h t ,   i t   i s   p r e f e r r e d   f o r   t h e   i n n e r  

s u r f a c e   of   t h e  b o d y   10  to  have   a  low  t o t a l   r e f l e c t a n c e   a n d   i t  

m a y   be  p a i n t e d   m a t t   or  g l o s s   b l a c k .   The  t o t a l   r e f l e c t a n c e   i s  

p r e f e r a b l y   a b o u t   4  pe r   c e n t   o r - l e s s .  

The  s h a d e   i n c l u d e s   a  p l u r a l i t y   of  b a f f l e s   15  w h i c h  

a r e   p r o v i d e d   to  a c t   as  a  l i g h t   t r a p   to  m i n i m i s e   l i g h t   h a v i n g  

u n d e r g o n e   a  s i n g l e   s p e c u l a r   or  d i f f u s e   r e f l e c t i o n   f r o m   p a s s i n g  

o u t s i d e   t he   d e s i r e d   l i g h t   c o n e .   The  b a f f l e s   15  a r e   in  t h e  

form  of   a n n u l a r   d i s k s   h a v i n g   a  c o n s t a n t   r a d i a l   w i d t h   i . e . ,   t h e  

d i f f e r e n c e   b e t w e e n   t he   o u t e r   d i s k   d i a m e t e r - a n d   t h e   d i a m e t e r   o f  

t he   c i r c u l a r   o p e n i n g   in  t he   d i s k .   The  d i s k s   15  may  be  m o u n t e d  

to  t he   c y l i n d r i c a l   body  10  i n   any  s u i t a b l e   m a n n e r .   The  d i s k  

15a  ( F i g u r e   2)  n e a r e s t   to  t he   open   end  14  i s   s p a c e d   f r o m   t h a t  

end  so  t h a t  i t s   i n n e r   e d g e s   j u s t   t o u c h   t he   l i g h t   beam  p a t h   16 

e x t e n d i n g   f rom  t h e   f u r t h e s t . p a r t   of   t he   l i g h t   s o u r c e   13.  a n d  

p a s s i n g   t h r o u g h   t h e   open   end  14  a t   t he   cone  s e m i - a n g l e  γ .  

P r e f e r a b l y   the   b a f f l e s   15  have   a  low  t o t a l   r e f l e c t a n c e   and  m a y  
be  p a i n t e d   l i k e   t h e   i n n e r   s u r f a c e s   of  t he   body  1 0 .  

The  d i s k s   15  a r e   e q u a l l y   s p a c e d   a l o n g   the   l e n g t h   o f  .  

t he   body  10.  For  t he   c y l i n d r i c a l   body  10  t h e   s p a c i n g   S  b e t w e e n  

the   i n n e r   e d g e s   of   a d j a c e n t   d i s k s   15  i s   not   more  t h a n   t h a t   g i v e n  

by  the  f o r m u l a :  



w h e r e   T  i s   t he   d i s k   r a d i a l   w i d t h ,   in  o r d e r   to   p r e v e n t  

o b s e r v a t i o n   of  r a y s   w h i c h   h a v e   u n d e r g o n e   j u s t   one  r e f l e c t i o n  

( v i z .   r e f l e c t i o n   f rom  t h e   i n n e r   body  s u r f a c e   o n l y ) .  

T h e   minimum  n u m b e r   o f   s p a c i n g s ,   N,  i s   f o u n d   b y  

e v a l u a t i n g   W/T  and  r o u n d i n g   up  to  t h e   n e x t   i n t e g e r .   S h o u l d  

t h a t   r a t i o   be  an  i n t e g e r ,   t h e n  

The  n u m b e r   o f   d i s k s   15  i s   t h e n   ( N - 1 ) .  

The  f o r m u l a e   f o r   t h e   s p a c i n g s   and  n u m b e r   o f   d i s k s   15 

a r e   d e r i v e d   l a t e r .  

The  i n n e r   e d g e s   o f   t h e   b a f f l e s ( s )  1 5   a r e  p r e f e r a b l y  

a r r a n g e d   to  r e d u c e   s p e c u l a r   and  d i f f u s e   r e f l e c t i o n s   t h e r e f r o m  

to  a r e a s   o u t s i d e   t h e   l i g h t   c o n e '  w h i c h   can  a r i s e   as   shown  i n  

F i g u r e   4.  For  t he   c y l i n d r i c a l   body   10,  i t  m a y   be  c o n v e n i e n t  

to  f o r m   t h e   a n n u l a r   b a f f l e s   15  f rom  s h e e t   m a t e r i a l .   In  t h a t  

c a s e ,   t h e   i n n e r   edge   of   e a c h   d i s k  1 5   c o m p r i s e s   a  c y l i n d r i c a l  

s u r f a c e   o f   s h o r t   l e n g t h   so  t h a t   r e f l e c t i o n s ,   b o t h   s p e c u l a r  

and  d i f f u s e ,   can  e m a n a t e   f rom  t h o s e   i n n e r  s u r f a c e s   and   as  a  

r e s u l t ,   l i g h t   f rom  t h e   s o u r c e   13  c o u l d   be  d i r e c t e d   o u t s i d e   t h e  

cone   s e m i - a n g l e  γ   a f t e r   j u s t   one  r e f l e c t i o n .   A l t h o u g h   o n l y   a  

s m a l l   f r a c t i o n   of   t h e   t o t a l  l u m i n o u s   f l u x   c o u l d   be  so  d i r e c t e d ,  

t h e   p e r f o r m a n c e   w o u l d   n e v e r t h e l e s s  b e   d e g r a d e d   b e l o w   t h a t   o f  

i d e a l   l i g h t   t r a p s   ( i . e . ,   p e r f e c t l y   b l a c k   b a f f l e s   w i t h   o p t i c a l l y  

s h a r p   e d g e s ) .   The  r e f l e c t i v e   e f f e c t   may  be  r e d u c e d   t o w a r d s  

t h e   l i m i t   s e t   by  d i f f r a c t i o n   i f   t he   i n t e r n a l   e d g e   o f   e a c h   d i s k  

1 5  i s   m a c h i n e d   or  o t h e r w i s e  t r e a t e d   to  r e d u c e   to   or   t o w a r d s   a  

s h a r p   e d g e . '  

A c c o r d i n g l y  i n   one  e m b o d i m e n t   shown  in   F i g u r e   7  t h e  

d i s k   i n n e r   e d g e s   a r e   s h a r p e n e d ,   p r e f e r a b l y   by  m e a n s   o f   a  

c h a m f e r   or  t he   l i k e   p r o v i d e d   a t   b o t h   u p p e r   and  l o w e r   s u r f a c e s  

1 7 , 1 8   of   t he   d i s k   15.  In  t h e   c a s e   of   an  a n n u l a r   d i s k   15  t h e  

a n g l e   a  1  o f   t he   c h a m f e r   f a c e   19  at   the   u p p e r   s u r f a c e   17  of   t h e  

d i s k   15  ( i . e .   t he   s u r f a c e   c l o s e r   to  the   l i g h t   s o u r c e   13)  i s  

s m a l l e r   t h a n   the   s m a l l e s t   a n g l e  β   of  t he   p a t h   f rom  d i s k   i n n e r  

edge   t h r o u g h   the   open   e x i t   end  14  of   the   body   10  ( F i g u r e   5)  a n d  

t h e   a n g l e   @2  of   t he   c h a m g e r   f a c e   20  at   t he   d i s k   l o w e r   s u r f a c e  

18  i s   s m a l l e r   t h a n   the   s m a l l e s t   a n g l e   β2  o f   t h e   p a t h   f rom  t h e  

l i g h t   s o u r c e   13  to  t h e   e d g e   of   d i s k   15,  a l l   a n g l e s   @1,  @2,  β 1 , β 2  



b e i n g   m e a s u r e d   r e l a t i v e   to  t h e   p l a n e   of   t h e   d i s k   15.  U s i n g  

t h e . g e o m e t r i c a l   a n a l y s i s   d e r i v e d   l a t e r ,   t h e   f o l l o w i n g   a r e  

u p p e r   l i m i t s   f o r   @1  and  a2  f o r   e a c h   d i s k   1 5 ;  

a n d  

w h e r e   t h e   d i s k s   a r e   n u m b e r e d  

n  =  1,  2,  . . . . . ( N - 1 )   s t a r t i n g   w i t h   t h e   d i s k  

15a  n e a r e s t  t h e   o p e n   e n d  

14  o f . t h e   b o d y  1 0 .  

In  a n o t h e r . e m b o d i m e n t   ( F i g u r e   8 )  t h e   i n n e r   p a r t   o f  

e a c h   d i s k  1 5   i s   t u r n e d   u p w a r d l y   t o w a r d s   t h e   l i g h t   s o u r c e   1 3 ' a t  

an  a n g l e   @B  ( b e i n g   l e s s .  t h a n   or  e q u a l   to   t h e   l a r g e r   o f   @1  a n d  

@ 2 )   to  t h e   p l a n e   of   t he   d i s k   15.  The  d i s k   15  i s   a l s o   c h a m f e r e d  

by  m a c h i n i n g   or  o t h e r w i s e   t r e a t e d   to  p r o v i d e   t he   a n g l e   @ S  
( b e i n g   l e s s   t h a n   or  e q u a l   to  t h e   s m a l l e r   o f  @ 1   and  a 2 ) .   T h e  

a n g l e s   aB  and  @S  m a y  b e   c h o s e n   in  o r d e r   to   s a t i s f y   t h e  

r e q u i r e m e n t s   of   more  t h a n   one  d i s k   1 5 .  

The  l i g h t   s o u r c e   13  may  be  any  s u i t a b l e   t y p e   s u c h   a s  

a  s p o t l a m p .   The  l a y o u t   and  o r i e n t a t i o n   o f   t he   w o r k p l a c e ,  

w i n d o w s ,   o b s e r v e r s ,   e t c . ,   w i l l   i n d i c a t e   t h e   p r e f e r r e d   v a l u e s  

f o r   t h e  c o n e   s e m i - a n g l e ,   γ  ,   and  t h e   t o t a l   body   l e n g t h ,   H .  

The  t e r m   (2H  t a n Y  )   can  t h e n . b e   e v a l u a t e d .   For   e q u a t i o n   ( 1 ) ,  

t h i s   t e r m   s h o u l d  b e   e q u a l   to  (W+D),  a n d  t h e r e f o r e   s h o u l d   b e  

c o n s i d e r e d   when  s e e k i n g   a  s u i t a b l e   l a m p .  

Lamp  c h a r a c t e r i s t i c s  -   i n c l u d i n g   d i r e c t i o n a l i t y  

( i l l u s t r a t e d   by  i t s   i n t e n s i t y   p o l a r   d i a g r a m ) ,   t o t a l   o u t p u t ,  

s u i t a b i l i t y   f o r   d i m m i n g ,   a v a i l a b i l i t y  a n d   p r a c t i c a b i l i t y  -   w i l l  

f u r t h e r   c o n s t r a i n   t he   lamp  c h o i c e .   Of  t h o s e   e l i g i b l e ,   t h e  

lamp  w i t h   the   s m a l l e s t   e m i t t i n g   f a c e   i s   p r e f e r a b l y   c h o s e n   a s  

t h i s   w i l l   y i e l d   the   mos t   f a v o u r a b l e   r a t i o   o f   u m b r a l   to  p e n u m b r a l  

r e g i o n s   e x p o s e d   to  d i r e c t   i l l u m i n a t i o n .   Lamp  d i a m e t e r   D,  w i l l  

t h e n   be  known  and  so  W  may  be  c a l c u l a t e d   u s i n g  e q u a t i o n   ( 1 ) .  

S h o u l d   i t   no t   p r o v e   p o s s i b l e   to  f i n d   a  s u i t a b l e  s m a l l   l a m p ,   a  

l a r g e r   lamp  and  a  l o n g e r   s h a d e   ( i . e . ,   a  l a r g e r   v a l u e   of   H)  may  

be  c o n s i d e r e d .  

The  n a t u r e   of   t he   w o r k s p a c e   and  t h e . l i m i n a i r e   p o s i t i o n  

( e . g . ,   t h e   l i m i n a i r e   may  be  r e c e s s e d )   a r e   f u r t h e r  f a c t o r s   w h i c h  



may  d e t e r m i n e   t h e   l e n g t h   H  of   t he   s h a d e   b o d y   1 0 .  

A f t e r   t he   i t e r a t i v e   p r o c e d u r e   a b o v e   h a s   i d e n t i f i e d  

the   c o m p r o m i s e   w h i c h   i s   mos t   s a t i s f a c t o r y   to   t h e   d e s i g n e r ,  

fH,  W,  D,γ}  w i l l   have   been   d e f i n e d .  

The  number   o f   s p a c i n g s ,   N,  or  d i s k s   15,  ( N - 1 ) ,   w i l l  

d e t e r m i n e   t h e   d i s k   w i d t h ,   T,  and  d i s k   s p a c i n g ,   S,  i f   e q u a t i o n s  

(3)   and  ( 2 )   a r e   u s e d .   A l t h o u g h   m o r e  d i s k s   15  w o u l d   i n c r e a s e  

t h e   u m b r a l   to   p e n u m b r a l   r a t i o   more  m a n u f a c t u r i n g   e x p e n s e   w o u l d  

be  i n c u r r e d :   M o r e o v e r ,   b e c a u s e   d i f f r a c t i o n   a t   e a c h   i n t e r n a l  

edge   p r o d u c e s   some  s t r a y   l i g h t ,   t h e   n u m b e r   o f   d i s k s   15  a l s o  

has   to   b e  a   c o m p r o m i s e   b e t w e e n  a   l a r g e   n u m b e r   f o r   g o o d  

g e o m e t r i c a l   e f f i c a c y   as  w i l l   be  shown  l a t e r   a n d   a  s m a l l   n u m b e r  

f o r   t h e   s m a l l e s t   a m o u n t   of  s t r a y   l i g h t .  

In  t h e   c a s e   o f   a  f l i g h t   c o n t r o l   c a b i n   t h e  n u m b e r   o f  

s p a c i n g s ,   N,  b e t w e e n   f o u r   and  t e n   was  f o u n d   s u i t a b l e .   I n  o t h e r  

c a s e s ,   v a l u e s   n e a r   f o u r  o r   l e s s   may  be  a  s u i t a b l e  c o m p r o m i s e  

when  m i n i m i s i n g   s t r a y   l i g h t   i s   c o n s i d e r e d   p a r t i c u l a r l y  

i m p o r t a n t ,   or  when  a  v e r y   low  D/W  r a t i o   i s   u s e d .   V a l u e s   n e a r  

t en   may  be  c o n s i d e r e d   more  s u i t a b l e   when  a  r e l a t i v e l y   l a r g e  

umbra   i s   r e q u i r e d .  

F i n a l l y ,   e q u a t i o n s   (4)  a n d  ( 5 )   c an   be  u s e d   to   d e r i v e  

t he   u p p e r   l i m i t s   f o r   t h e   a n g l e s   on  t he   i n n e r   e d g e s   o f   t h e   d i s k s  

15.  For   e a s e   of   m a n u f a c t u r e ,   some  s t a n d a r d i s a t i o n   o f   d i s k  

edge   a n g l e s   may  be  p r e f e r r e d .   T h i s   w o u l d   r e s u l t   in  t h e   u s e  

of   a n g l e s   s m a l l e r   t h a n   t h o s e   c a l c u l a t e d .   A c u t e   a n g l e d   e d g e s  

a r e   p r e f e r a b l y   a v o i d e d   b e c a u s e   of   t h e i r   g r e a t e r   s u s c e p t i b i l i t y  

t o  d a m a g e   in  m a n u f a c t u r e   and  s e r v i c e ,   as  w e l l   as  t h e   g r e a t e r  

p o t e n t i a l   i n j u r y   h a z a r d   i f   t h e   e d g e s   a r e   s h a r p .  

To  d e t e r m i n e   the   maximum  s p a c i n g ,   S,  b e t w e e n   a d j a c e n t  

d i s k s   15  o f  t h e  l i g h t ' t r a p ,   c o n s i d e r   t h e   g e o m e t r y   shown  i n  

F i g u r e   3.  I m a g i n e   a  c y l i n d r i c a l   body  1 0  i n i t i a l l y   w i t h   n o  

d i s k s   15.  When  to  any  g i v e n   p o i n t   on  t h e   i n s i d e   s u r f a c e   of  t h e  

c y l i n d e r ,   a  r a y   i s   d r awn   from  t h a t   p o i n t   on  t h e   l amp  f a c e   2 

w h i c h   m a x i m i s e s   the   i n c i d e n t   a n g l e  φ .   A  s e c o n d   l i n e   ( t o  

r e p r e s e n t   a  r a y   d i f f u s e l y   r e f l e c t e d   at   a  max imum  v a l u e   of   t h e  

angle  @  to  an  o b s e r v e r )   i s   drawn  j u s t   c l e a r   o f   t he   l o w e r   e d g e  

of  t h e   s h a d e   body  10  as  shown.   Opaque   d i s k s   15  of   e q u a l   r a d i a l  

w i d t h   T  a r e   t h e n   l o c a t e d   s o  a s  t o   t o u c h  t h o s e   l i n e s .   T h i s   w i l l  

e n s u r e   t h a t   t h e   r e g i o n   d i m e n s i o n e d   S  c a n n o t   be  i l l u m i n a t e d  

d i r e c t l y   by  t h e   s o u r c e   13,  and  the   r e g i o n   d i m e n s i o n e d   S2  i s  



a l w a y s   o b s c u r e d   f rom  t h e   o b s e r v e r ' s   v i e w .  

From  c o n s i d e r a t i o n   o f   s i m i l a r   t r i a n g l e s   c o n t a i n i n g  

t he   a n g l e  φ  ,  

and  t h e r e f o r e  

F r o m  s i m i l a r   t r i a n g l e s   c o n t a i n i n g   t he   a n g l e   @  ,  

and  b e c a u s e  

i t   f o l l o w s   t h a t  

The  maximum  s p a c i n g   b e t w e e n   d i s k s  1 5   w h i c h   can  s t i l l  

p r e v e n t   o b s e r v a t i o n   of   a  s i n g l e   d i f f u s e   r e f l e c t i o n   i s   t h e r e f o r e  

S1  p l u s   S 2 . . U s i n g   (6)   and  (7 )   t h i s   s p a c i n g ,   Smax  i s  

w h i c h   r e d u c e s  t o  

As  t he   p a r a m e t e r   Q  v a r i e s   t h r o u g h   a  s e r i e s   of   v a l u e s  

f rom  z e r o   fo r   t he   u p p e r m o s t   d i s k   15,  to  ( H  -   S1)  f o r   t he   d i s k   15 

f a r t h e s t   f rom  the   lamp  13,  t h e   a b o v e   f o r m u l a   i n d i c a t e s   t h a t  

Smax  v a r i e s   t h r o u g h   a  c o r r e s p o n d i n g   s e r i e s   of  v a l u e s   f r o m  

A  c o n s t a n t   s p a c i n g   b e t w e e n   d i s k s   may  b e  d e s i r a b l e  f o r  



e a s e   o f   m a n u f a c t u r e   and  the   s p a c i n g   t h e r e f o r e   s h o u l d   n o t   e x c e e d  

the   s m a l l e r   o f   t h e s e ,   v i z . :  

The  n u m b e r   of   d i s k s   15  i s   one  f e w e r   t h a n   t h e   n u m b e r  

o f   s p a c i n g s ,   N,  w h i c h   i s   d e t e r m i n e d   b y  t h e   b o d y   l e n g t h   H ,  

d i v i d e d   by  t h e   s p a c i n g   b e t w e e n   a d j a c e n t   d i s k s   15,  a n d  -  

r o u n d i n g  u p   i f   n e c e s s a r y .   T h e r e f o r e   i f   S  i s  d e t e r m i n e d   b y  

e q u a t i o n   ( 2 ) ,  

When  W/T  i s  s e l e c t e d   to  be  an  i n t e g e r ,  

S h o u l d   t h e   c o n s t a n t   s p a c i n g   be  u s e d ,   t h e   d i s k   f a r t h e s t  

f rom  t h e   l a m p   w i l l   be  c l o s e r   to   t h e   s h a d e   r i m   t h a n   n e c e s s a r y .  

The  cone   s e m i - a n g l e   w i l l   t h e n   be  d e t e r m i n e d   by  t h e   l o c a t i o n   o f  

t h e   i n n e r   e d g e   of   t h a t   d i s k .   The  v a l u e   f o r   t h e   c o n e   s e m i - a n g l e  

w o u l d   t h e n   b e  

w h i c h   w o u l d   be  o n l y   a  l i t t l e   s m a l l e r   t h a n   t h e   v a l u e   g i v e n   i n  

e q u a t i o n   (1 )   a b o v e .  

The  a n g l e s  @ 1   and  @2  o f   t h e   s h a r p e n e d   d i s k   e d g e s   a n d  

t h e   a n g l e s   β 1  a n d   β2  a r e   shown  in  F i g u r e s   5  a n d   7  and  can   b e  

d e t e r m i n e d   g e o m e t r i c a l l y   as  f o l l o w s :  

a n d  

B e c a u s e   P  =  nS  w h e r e   n  i s   t he   d i s k   n u m b e r   f r o m   t h e   open   e n d  

n  =  1  to  ( N - 1 )   as  shown  in  F i g u r e   5,  and  u s i n g   S  f rom  e q u a t i o n  

( 2 ) ,   t h e   f i r s t   of   t h e s e   b e c o m e s  



U s i n g   e q u a t i o n   ( 3 ) ,   t h i s   r e d u c e s  t o  

and  s i m i l a r l y  

F i g u r e   6  s h o w s   t h e   o u t e r   edge   o f  t h e   i l l u m i n a t e d  

p e n u m b r a l   r e g i o n   as  d e f i n e d   by  t h e   cone   s e m i - a n g l e ,   γ  

C o n e e n t r i c   w i t h i n  t h a t   r e g i o n   i s   t h e   u m b r a l   r e g i o n   w h i c h   can  b e  

i l l u m i n a t e d   by  t h e   e n t i r e   lamp  f a c e   2.  I t s   b o u n d a r y   i s   d e f i n e d  

by  t h e   a n g l e  Ψ   as  s h o w n .  

For  a  g i v e n   { H ,   W ,  γ  ,   D}  t h e   v a l u e   o f  Ψ   can   b e  

a l t e r e d   s o m e w h a t   by  t h e  c h o i c e   o f   n u m b e r ,   s i z e   and  s p a c i n g   o f  

d i s k s   15,  b u t  Ψ   c a n n o t   e x c e e d   Y .   As  an  i n d i c a t o r   of   t h e  

r e l a t i v e   s i z e s   of   c o n e s ,   i t   i s   c o n v e n i e n t   t o   d e f i n e   t h e  

P e n u m b r a l   F a c t o r ,   n  ,   a s  

A  r e l a t i v e l y   l a r g e  v a l u e   of   ( a p p r o a c h i n g   u n i t y )  

wou ld   i m p l y   a  r e l a t i v e l y   l a r g e   umbra   and  a  n a r r o w   p e n u m b r a ;  

i . e .   a  s h a r p   c u t o f f .  

A  z e r o   v a l u e   f o r   w o u l d   i m p l y   a  z e r o   v a l u e   f o r  ψ  ;  

i . e .   t he   u m b r a l   r e g i o n   w o u l d   be  a  c y l i n d e r   c e n t r e d   on  t h e   l a m p  

a x i s   and  w i t h   a  d i a m e t e r   e q u a l   to   t he   d i a m e t e r   o f   t h e   l a m p   f a c e  

2.  A  n e g a t i v e   v a l u e   o f  η   w o u l d   i m p l y   a  n e g a t i v e   v a l u e   o f  ψ  

w h i c h   c o u l d  o n l y   o c c u r   in  p r a c t i c e  i f   t h e   o u t e r m o s t   d i s k   1 5 a  

had  an  i n t e r n a l   d i a m e t e r   s m a l l e r   t h a n   t h e   d i a m e t e r   o f   t h e  

e m i t t i n g   f a c e   2  of  the   lamp  13  and  i f   t h e   r e m a i n i n g   d i s k s   h a d  

i n t e r n a l   d i a m e t e r s   w h i c h   i n c r e a s e d   w i t h   d e c r e a s i n g   d i s t a n c e  

from  the   lamp  13  so  as  to  a v o i d   v i g n e t t i n g   of   t h e   e x t r e m e  

u m b r a l   r a y s .   In  the   c a s e   of   n e g a t i v e  η  ,   t he   u m b r a l   r e g i o n   o f  

i l l u m i n a t i o n   e x t e n d s   o n l y   f o r   a  f i n i t e   d i s t a n c e   f rom  t h e   l a m p  

13,  v i z .   to  the   d i s t a n c e   w h e r e   t he   e x t r e m e   u m b r a l   r a y s  

i n t e r s e c t   on  the   lamp  a x i s .   A b s o r p t i o n   of   u s e f u l   l i g h t   by  t h e  

s h a d e   i s   g r e a t e r   a s  η   t e n d s   t o w a r d s   n e g a t i v e   v a l u e s .   T h e  

P e n u m b r a l   F a c t o r   w i l l   t h e r e f o r e   be  an  i n d i c a t i o n   of  t he   g e o m e t -  

r i c a l   e f f i c a c y   of   the   s h a d e   f o r   a  g i v e n   cone   s e m i - a n g l e ,  γ  



As  s e e n   in  F i g u r e   6,  t h e   u m b r a l   c o n e   has   a  s e m i - a n g l e  ψ ,  

w h i c h   i s   d e t e r m i n e d   b y  

The  P e n u m b r a l   F a c t o r   can   be  e x p a n d e d   u s i n g   e q u a t i o n s  

( 1 0 )   and   ( 1 4 )   t o  

and   by  u s i n g   e q u a t i o n  ( 2 )   in   o r d e r   to  e x p r e s s   T  in   t e r m s   o f  

N  i t   f o l l o w s   t h a t  

I t   i s   c l e a r   t h a t   l a r g e r   v a l u e s   o f   N  and  s m a l l e r   v a l u e s  

of   D/W  a r e   c o n d u c t i v e   to   l a r g e r   v a l u e s   o f  η  .   H o w e v e r   t h e  

i m p r o v e m e n t   in  n  f o r   i n c r e a s i n g   N  i s   p r o g r e s s i v e l y   l e s s   ( i . e .  

a  d i m i n i s h i n g   r e t u r n   s i t u a t i o n ) .  

N u m e r o u s   m o d i f i c a t i o n s   and  v a r i a t i o n s   o f   t h e   l a m p  

s h a d e   c o n s t r u c t i o n   of   F i g u r e s   2  to  8  a r e   p o s s i b l e .   F o r  

e x a m p l e   as  shown  in  F i g u r e   9,  t h e   d i a m e t e r   o f   e a c h   c e n t r a l  

o p e n i n g   in  each   d i s k   15  may  be  s l i g h t l y   l a r g e r   t h a n   t h e  

d i a m e t e r   o f   t he   c e n t r a l   o p e n i n g   o f   e a c h   d i s k   15  n e a r e r   to  t h e  

l i g h t   s o u r c e   13.  The  i n n e r   e d g e s  n e e d   n o t   be  in  a  l i n e   f r o m  

t h e   l i g h t   s o u r c e   12  a n d ,   in   f a c t ,   to   m i n i m i s e   d i f f r a c t i o n   e f f e c t s  

a r i s i n g   a t   t he   d i s k   i n n e r   e d g e s ,   t h e   i n n e r   e d g e s   may  d e f i n e   a  

d i v e r g i n g   b e l l   s h a p e   so  t h a t   one  l i n e   c an   be  d r a w n   f rom  t h a t  

e d g e   to  t h e   lamp  f a c e   and  t o u c h i n g   a t   m o s t   one  o t h e r   d i s k  i n n e r  

e d g e .   The  a n g l e  δ   in  F i g u r e   9  b e i n g   f o r m e d  b y   a  t a n g e n t   t o  

t h e   b e l l   s h a p e  a t  t h e   l o w e r m o s t   d i s k   15a  may  b e  a b o u t   5 ° .  

As  shown  in  F i g u r e   10,  e a c h   d i s k   15  may  be  p r o v i d e d  

w i t h   a  d i a m e t r i c a l l y   e x t e n d i n g   band   22  so  t h a t   t h e   cone   s e m i -  

a n g l e   a t  r i g h t   a n g l e s   to   t h e   d i r e c t i o n   of   t h e   band   22  i s   l e s s  

t h a n   the   cone   s e m i - a n g l e   in  t he   g e n e r a l   d i r e c t i o n   o f   t he   b a n d  

22.   T h i s   w i l l   r e s u l t   in  a  g e n e r a l l y   e l l i p t i c a l   l i g h t   c o n e  

w i t h   t h e   m a j o r   a x i s   a l o n g   t h e   l i n e   of   t he   b a n d s   22  and  m i n o r  

a x i s   t r a n s v e r s e   to  t he   b a n d s .   T h i s   s h a p e   o f   l i g h t   cone   m a y  

be  d e s i r a b l e   f o r   some  a p p l i c a t i o n s   s u c h   as   l a n d i n g   l i g h t s   f o r  

m i l i t a r y   a i r c r a f t   w h e r e   r e d u c e d   v i s i b i l i t y   f rom  p o i n t s  



d i s p l a c e d   l a t e r a l l y   f r o m  t h e   f l i g h t   p a t h   may  be  d e s i r a b l e .  

In  an  a l t e r n a t i v e   e m b o d i m e n t   to  a  c y l i n d r i c a l  

body   10,  t h e   body   i s   in  t he   form  of   a  t r u n c a t e d   h e m i s p h e r e ,  

w i t h   t h e   l i g h t   s o u r c e   a r r a n g e d   to  be  l o c a t e d   in  t h e   l a r g e s t  

d i a m e t e r   p o r t i o n   and  t h e   open  e x i t   end  b e i n g   p r o v i d e d   in  t h e  

s m a l l e s t   d i a m e t e r   p o r t i o n ,   t h e   s h a d e   i n c l u d i n g   a  p l u r a l i t y  

/ o f   b a f f l e s   in   t h e   f o r m   of   a n n u l a r   d i s k s   e x t e n d i n g   i n w a r d l y   o f  

t h e   b o d y . t h e   s p a c i n g   b e t w e e n   the   d i s k s   r e d u c i n g   t o w a r d s  t h e  

open   e x i t   end  o f   t h e   b o d y .   T h i s   a r r a n g e m e n t   may  be  u s e f u l  

in  h e l i c o p t e r   l a n d i n g   l i g h t s   to  r e d u c e   r e f l e c t i o n s   in   to  t h e  

c o c k p i t   and  r e d u c e   v i s i b i l i t y   of   t he   h e l i c o p t e r   f rom  p o i n t s  

o u t s i d e   t h e   l i g h t   c o n e .   The  h e m i s p h e r i c a l   b o d y   i s   d e s i g n e d  

f o r   use   w i t h   e x i s t i n g   h e l i c o p t e r   l a n d i n g   l i g h t   a s s e m b l i e s .  

.The  c o n s t r u c t i o n   o f  t h e   s h a d e   h a s  b e e n   d e s c r i b e d  

w i t h   r e f e r e n c e   to  e m b o d i m e n t s   w h e r e   no  d i r e c t   l i g h t  a n d  

m i n i m a l   s i n g l y   r e f l e c t e d   l i g h t   r e a c h e s   o u t s i d e   t h e   p r e d e t e r -  

m i n e d   l i g h t   c o n e .   H o w e v e r   i t   w o u l d   be  a p p r e c i a t e d   t h a t   t h i s  

may  be  a  f e a t u r e   t h a t   i s   f o u n d   d e s i r a b l e   a t   o n l y  o n e   s i d e   o f  

t h e   l i g h t ,   f o r   e x a m p l e   w h e r e   o n l y   one  w i n d o w   m i g h t   p r o v i d e  

u n w a n t e d   r e f l e c t i o n s .   Hence   the   p r e s e n t   i n v e n t i o n   c o v e r s  

s h a d e s   w h i c h   p r e v e n t   d i r e c t   l i g h t   and  r e d u c e   r e f l e c t e d   l i g h t  

r e a c h i n g   o u t s i d e   t h e   l i g h t   cone   at  one  s i d e   o n l y   of   t he   s h a d e .  



1 . .   A  lamp  s h a d e   f o r   use   w i t h   a  l i g h t   s o u r c e   a n d  

i n c l u d i n g   a  h o l l o w   t u b u l a r   body  a r r a n g e d   to   be  m o u n t e d   o v e r   t h e  

l i g h t   s o u r c e ,   t h e   body  h a v i n g   an  o p e n   e x i t   and   s p a c e d   f rom  t h e  

l i g h t   s o u r c e   f o r   a l l o w i n g   a  l i g h t   cone   t c   e m e r g e   f r o m   t h e   b o d y ,  

t he   l e n g t h  o f   t he   body  b e i n g   p r e d e t e r m i n e d   so  t h a t   no  d i r e c t  

l i g h t   r a y  p a t h s   f r o m  t h e   l i g h t   s o u r c e   t h r o u g h   t h e   o p e n   e x i t  

end  l i e   o u t s i d e   a  p r e d e t e r m i n e d   cone   s e m i - a n g l e ,   a t   l e a s t   o n e  

b a f f l e   e x t e n d i n g   i n w a r d l y   f rom  t h e   body  and  a r r a n g e d   so  t h a t  

no  p a r t   o f   t h e   i n s i d e   s u r f a c e   o f   t h e   b o d y  t h a t   i s   c a p a b l e   o f  

d i r e c t   i l l u m i n a t i o n   by  t h e   l i g h t   s o u r c e   can   be  s e e n   t h r o u g h  

t he   e x i t   end  f rom  a  p o i n t   l o c a t e d   s u b s t a n t i a l l y   o u t s i d e   t h e  

l i g h t   c o n e .  

2.  A . lamp  s h a d e   a c c o r d i n g   to  C l a i m   1  w h e r e i n   t he   body   i s  

g e n e r a l l y   c y l i n d r i c a l   h a v i n g   an  u p p e r   e n d  f o r   r e c e i v i n g   t h e  

l i g h t   s o u r c e   and  a  l o w e r   end   d e f i n i n g   t h e   o p e n   e x i t   end ,   t h e  

s h a d e   i n c l u d i n g   a  p l u r a l i t y   of   t h e  b a f f l e s ,   e a c h   b a f f l e   b e i n g  

in  t h e   f o r m   o f   an  a n n u l a r   d i s k   h a v i n g   a  c e n t r a l   o p e n i n g .  

3.  A  l amp  s h a d e  a c c o r d i n g   to   C l a i m   2  w h e r e i n   t h e   d i s k  

n e a r e s t   t h e   o p e n   e x i t  e n d   i s   s p a c e d   f rom  t h a t   end  so  t h a t   t h e  

i n n e r   e d g e s   o f   i t s   c e n t r a l   o p e n i n g   j u s t   t o u c h   t h e   l i g h t   b e a m  

p a t h   e x t e n d i n g   from  the   f u r t h e s t   p a r t   of   t h e   l i g h t   s o u r c e   a n d  

p a s s i n g   t h r o u g h   the   open  e x i t   end  a t   t h e   c o n e   s e m i - a n g l e .  

4.  A  lamp  s h a d e   a c c o r d i n g  t o   C l a i m   2  w h e r e i n   t h e   s p a c i n g  

S  b e t w e e n   a d j a c e n t   d i s k s   i s   n o t   more   t h a n   TH/W,  w h e r e   T  i s   t h e  

d i s k   r a d i a l   w i d t h ,   H  i s   t h e   l e n g t h   of   t h e   c y l i n d r i c a l   b o d y  

from  the   l i g h t   s o u r c e   to  t h e   o p e n   e x i t   e n d ,   and  W  i s   t h e  

d i a m e t e r  o f   t h e   c y l i n d r i c a l   b o d y .  

5.  A  l amp  s h a d e   a c c o r d i n g   to  C l a i m   2,   3  o r   4  w h e r e i n   t h e  

d i s k s   a r e   s p a c e d   at   c o n s t a n t   i n t e r v a l s   a l o n g   t h e  b o d y   and  t h e  

number   o f   d i s k s   e q u a l s   ( N - 1 ) ,   w h e r e   N  i s   t h e   m i n i m u m   n u m b e r   o f  

s p a c i n g s   and  i s   an  i n t e g e r   e q u a l   to  W/T  or  i s   t h e   n e x t   h i g h e s t  

i n t e g e r   a b o v e   W/T,  w h e r e   W  is   t h e   d i a m e t e r   o f   t h e   c y l i n d r i c a l  

body  a n d . T   i s   t he   d i s k   r a d i a l   w i d t h .  

6.  A  l amp  s h a d e   a c c o r d i n g   to  C l a i m   1  w h e r e i n   t he   o r  

each   b a f f l e   has   a  s h a r p   i n n e r   edge   to  m i n i m i s e   r e f l e c t i o n s  

t h e r e f r o m .  

7.  A  lamp  s h a d e   a c c o r d i n g   to  C l a i m   6  w h e r e i n   t h e   o r  

e a c h   b a f f l e   i s   in  the   form  of   a n  a n n u l a r   d i s k   w i t h   a  c e n t r a l  

o p e n i n g ,   t he   i n n e r   e d g e s   of   t he   d i s k   d e f i n i n g   t h e   c e n t r a l   o p e n i n g  



b e i n g   c h a m f e r e d   a t   b o t h   t h e   u p p e r   and  l o w e r   s u r f a c e s   o f   t h e  

d i s k .  

8.  A  lamp  s h a d e   a c c o r d i n g   t o  C l a i m   7  w h e r e i n   t he   a n g l e  

@ 1  o f   t h e   c h a m f e r   f a c e   a t   t h e   u p p e r   s u r f a c e   o f   t h e   d i s k   i s  

s m a l l e r   t h a n   t h e   s m a l l e s t   a n g l e   β 1  o f   t h e   p a t h   f r o m   d i s k   i n n e r  

e d g e   t h r o u g h   t h e   open   e x i t  e n d   of   t h e   b o d y ,   and   t h e   a n g l e   @2 
o f   c h a m f e r   f a c e   a t   t h e   d i s k   l o w e r   s u r f a c e   i s   s m a l l e r   t h a n   t h e  

. s m a l l e s t   a n g l e   β 2  o f  t h e   p a t h   f rom  t h e   l i g h t  s o u r c e   to  t h e  

e d g e ,   a l l   a n g l e s   @1, @2,  β1,  β2  b e i n g   m e a s u r e d   r e l a t i v e   to  t h e  

p l a n e   o f   t h e   d i s k .  

9.  A  lamp  s .hade  a c c o r d i n g   to  C l a i m   6  w h e r e i n   t h e   b o d y  

i s   g e n e r a l l y   c y l i n d r i c a l   and  the   or  e a c h   b a f f l e   i s   i n  t h e  

fo rm  o f   an  a n n u l a r   d i s k   w i t h  a   c e n t r a l   o p e n i n g ,   t h e   i n n e r   e d g e s  

of   t h e   d i s k   d e f i n i n g   t he   c e n t r a l   o p e n i n g   b e i n g   t u r n e d   u p w a r d l y  

t o w a r d s   t h e   l i g h t   s o u r c e   a t   an  a n g l e   @β  to   t h e   p l a n e   of   t h e  

d i s k ,   @β  b e i n g   l e s s   t h a n   or  e q u a l   t o  t h e   l a r g e r   o f   @1 and  @ 2 ,  
w h e r e  

a n d  

w h e r e   n  i s   t he   d i s k   n u m b e r   s t a r t i n g  w i t h  t h e   d i s k   n e a r e s t  

t h e  o p e n   e x i t  e n d ,  

N  i s   t he   number   o f  d i s k s   p l u s   1 ,  

H  i s   t he   body  l e n g t h ,  

W  i s   t h e   body  d i a m e t e r ,  

T  i s  t h e   d i s k  r a d i a l   w i d t h ,   a n d  

D  i s   t h e   l i g h t   s o u r c e   d i a m e t e r ,  

t h e   u p p e r   s u r f a c e   of   t h e   d i s k   a t   t h e   i n n e r   e d g e s   b e i n g  

c h a m f e r e d  a t   an  a n g l e  a   to  t h e   p l a n e   of  t h e   d i s k ,   a   b e i n g  

l e s s   t h a n   o r  e q u a l   t o   t he   s m a l l e r   o f   @1  a n d  @ 2 .  
1 0 .   A  lamp  s h a d e   a c c o r d i n g   to  C l a i m  1   w h e r e i n   the   b o d y  

i s   in  t h e   form  of   a  t r u n c a t e d   h e m i s p h e r e   w i t h   t h e   l i g h t   s o u r c e  

a r r a n g e d   to  be  l o c a t e d   in  the   l a r g e s t   d i a m e t e r   p o r t i o n   and  t h e  

o p e n   e x i t   end  b e i n g   p r o v i d e d   in  the   s m a l l e s t   d i a m e t e r   p o r t i o n ,  

t h e   s h a d e   i n c l u d i n g . a   p l u r a l i t y   of   b a f f l e s   in   t h e   form  o f  

a n n u l a r   d i s k s   e x t e n d i n g   i n w a r d l y   of   the  b o d y ,   t h e   s p a c i n g  

b e t w e e n   t h e   d i s k s   r e d u c i n g   t o w a r d s   t he   open   e x i t   end  of   the   b o d y .  

11.  A  lamp  s h a d e   a c c o r d i n g   to  C la im  1  w h e r e i n   the   or  e a c h  

b a f f l e   i s   in  t he   form  of   an  a n n u l a r   d i s k   h a v i n g   a  c e n t r a i   o p e n i n g  



and  t h e   or  e ach   d i s k   i s   p r o v i d e d   w i t h   a  d i a m e t r i c a l l y   e x t e n d i n g  

b a n d   so  t h a t   t he   cone   s e m i - a n g l e   a t   r i g h t   a n g l e s   to   t h e  

d i r e c t i o n   of   the   band  i s   l e s s   t h a n   t h e   cone   s e m i - a n g l e   in  t h e  

g e n e r a l   d i r e c t i o n   of   t h e   b a n d .  

12.  A  lamp  s h a d e   a c c o r d i n g   to  C l a i m   1  w h e r e i n   a  p l u r a l i t y  

o f  b a f f l e s   a r e   p r o v i d e d ,   e a c h   b a f f l e   b e i n g  i n   t h e   fo rm  of   a n  

a n n u l a r   d i s k   h a v i n g   a  c e n t r a l   o p e n i n g ,   t h e   d i a m e t e r   o f   e a c h  

c e n t r a l   o p e n i n g   b e i n g   s l i g h t l y   l a r g e r   t h a n   t h e   d i a m e t e r   o f  

t h e   c e n t r a l - o p e n i n g   of   e a c h   d i s k   n e a r e r   to  t h e   l i g h t   s o u r c e .  
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