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This Technical Report has been 
Division 7 General Aspects of L 
the Commi ssi on I n t e r n a t i  onal e 

I I  

prepared by CIE Technical Committee 7-02 
g h t i n g  and has been approved by the Counci 
de 1 'Ecl a i  rage f o r  study and appl  i cati on. 

document reports on current knowledge and experience within the specific f 

of 
of 

The 
el d 

o f  l i g h t  and lighting described, and i s  intended t o  be used by the C I E  member- 
ship and other interested parties. I t  should be noted, however, t h a t  the 
status o f  this document i s  advisory and not  mandatory. The la tes t  CIE 
proceedings or Journal should be consulted regarding possible subsequent 
amendments. 

Ce rapport technique a été préparé par l e  Comité Technique C I E  7-02 de l a  
Division 7 'Aspects généraux de l 'éclairage' e t  a e t6  approuvé par le  Conseil 
de l a  Comínission Internationale de 1 'Eclairage, pour étude e t  application. Le 
document t r a i t e  des connaissances courantes e t  de l'expérience dans l e  domaine 
spécifique indiqué de l a  lumiére e t  de l'éclairage, e t  i l  est  établi pour 
l'usage des membres de la  C I E  et  autres groupements intéressés. I1  faut cepen- 
d a n t  noter que ce document est  indicatif e t  non obligatoire. Pour connaitre 
d'éventuels amendements, consulter les plus récents comptes rendus ou l e  
Journal de l a  CIE. 

Dieser Technische Bericht i s t  vom CIE-Technischen Komitee 7-02 der Division 7 
A l  lgemeine Aspekte der Beleuchtung ausgearbeitet und vom Rat der Commission 
Internationale de  1'Eclairage gebilligt worden. Das Dokument berichtet über 
den derzeitigen Stand von Wissen und Erfahrung in dem behandelten Gebiet von 
Licht und Beleuchtung; es i s t  zur  Verwendung durch CIE-Mitglieder und durch 
andere Interessierte bestimmt. i s  so l l  t e  jedoch beachtet werden, daß das 
Dokument eine Empfehlung und keine Vorschrift i s t .  Di e neuesten CIE-Tagungs- 
berichte oder das neueste CIE-Journal sollten i m  Hinblick auf mögliche spätere 
Änderungen zu Rate gezogen werden. 

Any mention of organisations or products does not imply endorsement by 
the CIE. Whilst every care has been taken in the compilation of any 
lists, up to the time of going to press, these may not be comprehensive. 

Toute mention d'organisme ou de produit n'implique pas une préférence de 
la CIE. Malgré le soin apporté à la compilation de tous les documents 
jusqu'à la mise sous presse, ce travail ne saurait être exhaustif. 

Die Erwähnung von Organisationen oder Erzeugnissen bedeutet keine 
Billigung durch die CIE. Obgleich große Sorgfalt bei der Erstellung von 
Verzeichnissen b i s  zum Zeitpunkt der Drucklegung angewendet wurde, ist 
es möglich, daR diese nicht vollständig sind. 

O CIE 1988 
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Electric light sources - State of the art-1987 
Summary 

This quadrennial report covers the period 1982 to 1986. 
It describes the state of the art with respect to light 
sources, radiation sources and electronic devices used in 
connection with such sources. Standardization of light 
sources, radiation sources and electronic devices is also 
covered. The application of light sources and radiation 
sources is briefly summarized in table form. 

Stand des Wissens der elektrischen Lichtquellen-1987 

Zusammenfassung 

Dieser Vierjahresbericht umfaßt die Periode 1982 bis 
1986 und beschreibt den neuesten Stand des Wissens auf dem 
Gebiet der Lichtquellen, Strahlungsquellen und 
elektronischen Hilfsgeräten, die im Zusammenhang mit diesen 
Quellen benutzt werden. Die Normung von Lichtquellen, 
Stahlungsquellen und elektronischen Hilfsgeraten wird auch 
behandelt. Die Anwendung von Lichtquellen und 
Strahlungsquellen wird knapp in Form von Tabellen 
dargestellt. 

L'état de l'art des sources lumineuses électriques-1987 

Résumé  

Ce rapport quadriennal couvre le période de 1982 
jusqu'à 1986 et decrit l'état de l'art à l'égard des sources 
lumineuses, sources de radiation et appareils électroniques 
utilisés en combinaison avec ces sources. En outre, ce 
rapport décrit la normalisation de sources lumineuses, 
sources de radiation et appareils électroniques. Dans une 
table on peut trouver un résumé de l'application des sources 
lumineuses et des sources de radiation. 
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ELECTRIC LIGET SOURCES 

PART I - TRENDS I N  THE DEVELOPMENT OF INCANDESCENT LIGBT 
SOURCES 

ïntroduc t ion 

The i n c a n d e s c e n t  lamp i s  t h e  o ldes t  of t h e  major e lec t r ic  l i g h t  
s o u r c e  f a m i l i e s .  The v i a b i l i t y  o f  t h i s  s o u r c e  o v e r  t h e  y e a r s  i s  
a c o n s e q u e n c e  of i t s  many a d v a n t a g e s  and  r e l a t i v e l y  f e w  
d i s a d v a n t a g e s .  S i m p l i c i t y ,  low cost c o n s t r u c t i o n ,  and e x c e l l e n t  
colour r e n d i t i o n  are  major a t t r i b u t e s  of t h i s  c lass  of l i g h t  
s o u r c e .  

1 .1 .  General Service Incandescent Lamp 

The g e n e r a l  s e r v i c e  lamp, a major s u b d i v i s i o n  o f  t h e  
i n c a n d e s c e n t  lamp f a m i l y ,  is made of t h r e e  pa r t s .  T h e s e  
i n c l u d e  a mount i n c o r p o r a t i n g  a t u n g s t e n  f i l a m e n t ,  a sof t  
g l a s s  ( g e n e r a l l y  s o d a  lime g l a s s )  b u l b  and a n  i n e r t  f i l l i n g  
gas .  Because of t h e  s i m p l i c i t y  of c o n s t r u c t i o n ,  t h e s e  lamps 
c a n  be made a t  h i g h  s p e e d s  y i e l d i n g  a good s o u r c e  of 
i l l u m i n a t i o n  a t  a l o w  cost. A t y p i c a l  lamp is shown i n  F i g u r e  
1.  

1.1 .1 .  New Developments in General Service Lamps 

O f  r e c e n t  y e a r s ,  w i t h  e m p h a s i s  o n  e n e r g y  s a v i n g s  d u e  t o  cost 
o f  g e n e r a t i n g  e l e c t r i c i t y ,  t h e  d i s a d v a n t a g e s  of t h e  g e n e r a l  
s e r v i c e  lamps, s u c h  as  l o w  e f f i c a c y  ( 9 0  % o f  e n e r g y  i s  
d i s s i p a t e d  as  i n f r a r e d  r a d i a t i o n )  and  s h o r t  l i f e  h a s  
r e s u l t e d  i n  major e f fo r t s  t o  replace t h i s  l i g h t  s o u r c e  w i t h  
more e f f i c i e n t  a rc  d i s c h a r g e  s o u r c e s .  Even so or a s  a 
c o n s e q u e n c e ,  d e v e l o p m e n t  s t u d i e s  h a v e  b e e n  underway t o  
i n c r e a s e  b o t h  e f f i c a c y  and  l i f e  of t h e  i n c a n d e s c e n t  source. 
1 2 3  

I ? .  

The i n c a n d e s c e n t  lamp ( g e n e r a l  s e r v i c e  lamp) is i n  a g e n e r a l  
pass ive  s t a t e .  One area of c h a n g e  is t h e  s u b s t i t u t i o n  of 
powder  c o a t e d  b u l b s  i n  place of h y d r o f l u o r i c  acid e t c h i n g .  
The m o t i v a t i n g  f o r c e  f o r  t h i s  c h a n g e  is  e n v i r o n m e n t a l  
c o n s i d e r a t i o n .  An improved e lectrostat ic  c o a t i n g  method h a s  
been  d e v e l o p e d  4 .  T h i s  c o a t i n g  method h a s  y i e l d e d  a small  
i n c r e a s e  i n  t r a n s m i s s i o n  ( +  1 % )  and a r e d u c t i o n  of p e a k  
l u m i n a n c e  by a [ a c t o r  of 3.  A survey  of d e c o r a t i v e  lamps h a s  
b e e n  p u b l i s h e d  . 
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A number of e x p e r i m e n t a l  s t u d i e s  h a v e  b e e n  r e p o r t e d  
c h a r a c t e r i z i n g  t h e  t u n g s t e n  used  i n  i n c a n d e s c e n t  f i l a m e n t s .  
Papers have  b e e n  p r e s e n t e d  d i s c u s s i n g  t h e  role  o f  p o t a s s ' u m  
y q n c e n t r a t i o n  o n  propert ies  of t u n g s t e n  as  a f i l a m e n t  . O t h e r  s t u d i e s  h a v e  d e a l t  w i t h  a s t u d y  of propert ies  
g t h e r m a l ,  e l e c t r i c a l ,  l u m i n o u s ,  e t c . )  o f  t u n g s t e n  f i l a m e n t s  . The t r a n s p o r t  o f  t u n g s t e n  from a f i J a m e n t  t h r o u g h  a n  
i n e r t  g a s  h a s  been  an  object o f  s t u d y  . 
E f f o r t  h a s  been  d i r e c t e d  t o  t h e  e c o n o m i y o s t u d y  o f  lamps 
r e l a t i v e  t o  t h e i r  l i f e  and p e r f o r m a n c e  . 

6 3  , , 

1.1.2. Classic  Wedge B a s e  Lamp (Motor Car) Developments 

Xenon g a s  f i l l e d  2 W and 3 W wedge b a s e  lamps hyye  been 
d e v e l o p e d  for  a u t o m o b i l e  d a s h b o a r d  a p p l i c a t i o n  . They h a v e  
b e e n  d e v e l o p e d  t o  f i l l  a demand f o r  smaller and b r i g h t e r  
sources. I n  c o m p a r i s o n  t o  t h e  c o n v e n t i o n a l  vacuum lamp, t h e y  
y i e l d  a h i g h e r  e f f i c a c y ,  10 l m / W  compared t o  6 .7  l m / W  and a n  
i n c r e a s e d  colour  temperature - 2690 K a s  compared to  2420  K 
a n d  a smaller d i a m e t e r  6.5 mm compared t o  10 mm. 

1.2. Tungsten Halogen Incandescent Lamp 

The t u n g s t e n  h a l o g e n  lamp is a s e c o n d  major s u b d i v i s i o n  of t h e  
i n c a n d e s c e n t  f a m i l y .  Aga in ,  t h e  c o n s t r u c t i o n  of t h i s  lamp i s  
r e l a t i v e l y  simple b u t  a number of s i g n i f i c a n t  d i f f e r e n c e s  
e x i s t s  be tween  t h e  g e n e r a l  s e r v i c e  lamp and t h e  t u n g s t e n  
h a l o g e n  lamp. 

The l i g h t  g e n e r a t i n g  e l e m e n t  is a t u n g s t e n  f i l a m e n t ;  t h e  
e n c l o s i n g  e n v e l o p e  is  f a b r i c a t e d  f rom e i t h e r  a h a r d  g l a s s  or a 
f u s e d  s i l i c a  ( q u a r t z ) .  The t h i r d  e l e m e n t ,  t h e  f i l l i n g  g a s ,  
i n c l u d e s  a h a l o g e n  compound. The h a l o g e n  compound most 
f r e q u e n t l y  i n c o r p o r a t e s  e i t h e r  b r o m i n e  or  i o d i n e ,  T y p i c a l  
lamps are p r e s e n t e d  a s  F i g u r e  2. 

1.2.1. New Developments in Tunqsten Halogen Lamps 

!)?Qe t u n g s t e n  h a l o g e n  lamp c o n t i n u e s  t o  e x p e r i e n c e  c h a n g e  . S t u d i e s  are c o n t i n u i n g  o n  h e  u s e  of f l u o r i n e  t o  
f a c i l i t a t e  t u n g s t e n  t r a n s p o r t  '4. P a s s i v a t i o n  l a y e r s  t o  
protect  a g a i n s t  f l u o r i n e  a t t ack  o f  q u a r t z  h a v e  b e e n  
i n v e s t i g a t e d  . 
O t h e r  s t u d i e s  of t u n g s t e n  h a l o g e n  lam s have  b e e n  c o n c e r n e d  
w i t h  t u n g s t e n  t r a n s p o r t  processes l 5  
m o r p h o l o g i c a l  c h  n g e s  of t h e  t u n g s t e n  and a s s o c i a t e d  h o t  
spot f o r m a t i o n  '' and w i t h  t h e  i d e n t i f i c a t i o n  of r e s u l t a n t  
5 f n g s t e n  compounds i n  t h e  w a l l  r e g i o n  of t h e  h a l o g e n  lamp 

,17 ,18, w i t h  t h e  

. 
The react ions and t r a n s p o r t  of molybdenum w i b p  h a l o g e n  a n d  
oxygen  h a s  been  t h e  object o f  a n o t h e r  s t u d y  . 
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Getters to  c o n t r o l  oxygen  i n  t u n g s t e n  h a l o g e n  lamps c o n t i n u e  
t o  be a p r i m e  i n t e r e s t  2 2 , 2 3 .  The p e r f o r m a n c e  
c h a r a c t e r i s t i c s  of t u n g s t e n  h a l o g e n  lamps o p e r a t i n g  a t  2865 
K h a s  b e e n  i n v e s t i g a t e d  . 2 4  

The d e s i g n  of PAR t y p e  t u n g s t e n  h a l o g e n  l a m p s  h a s  b e e n  
a c c o m p l i s h e d ,  T h i s  d e s i g n  was made p o s s i b l e  by SQe 
d e v e l o p m e n t  of a l o n g  l i f e  l o w  w a t t a g e  capsule . T h i s  
t e c h n o l o g y  h a s  b e e n  e x t e n d e d  t o  g e n e r a l  s e r v i c e  t u n g s t e n  
h a l o g e n  lamps by  e n c l o s u r e  of t h e  c a p s u l e  i n  a small 
j a c k e t .  S i n g l e  ended  lamps h a v e  b e e n  mounted i n  small 
d i c h r o i c  re f lec tors  i n  order t o  r e d u c e  t h e r m a l  ( I R )  
s g d i a t i o n  and i n c r e a s e  t h e  c o l o u r t e m p e r a t u r e  of t h e  beam . The t e c h n o l g y  o f  r e f l e c t i n g  i n f r a r e d  r a d i a t i o n  b a c k  on to  
t h e  t u n g s t e n  f i l a m e n t  o f  a t n s t  n h l o g e n  lamp is  
c o n t i n u i n g  t o  b e  e x p l o i t e d  2 y , q 8  ,'9,3'. The r e f l e c t i n g  f i l m s  
i n  o n e  d e s i g n  i n c o r p o r a t e  i n t e r l a y $ r s 3 q f 3 $ i $ q n i u m  d i o x i d e  
( T i 0 2 )  and  s i l i c o n  d i o x i d e  ( S i 0 2 )  , , , . A series of 
i n f r a r e d  r e f l F y t $ y e 3 f i l m  lamps h a v e  b e e n  i n t r o d u c e d  t o  t h e  
market place , , . These  a r e  65  W ,  85 W and 130 W. The 
l u m i n o u s  e f f i c a c y  h a s  b e e n  i n c r e a s e d  by about 15 8 as  a 
c o n s e q u e n c e  of a 30-40 % r e d u c t i o n  of e s c a p i n g  i n f r a r e d  
r a d i a t i o n  i n  t h e  r a n g e  of 0.78-2.5 m i c r o n s .  A new m i n i  lamp 
h s b e e n  d e v e l o p e d  u s i n g  b r o m i n e  as  t h e  a c t i v e  h a l o g e n  g a s  

The u s e  of a 1 0 0  KHz s w i t c h e d  mode power s u p p l y  for 
dimming of t u n g s t e n  h a l o g e n  lamps h a s  b e e n  r e p o r t e d 3 '  . 
3 8  

1.2.2. New Developments in Tungsten Halogen Automotive Lamps 

D u a l  f i l a m e n t  ( C 6 / C 6  asymmetrical c o n f i g u r a t i o n )  h a r d  g l a s s  
t u n g s t e n  h a h o q f n  lamps for a u t o m o b i l e  h e a d l i g h t s  h a v e  b e e n  
d e v e l o p e d  , . T h e s e  lamps s a t i s f y  t h e  r e q u i r e m e n t s  of t h e  
asymmetrical l i g h t  d i s t r i b u t i o n  for t h e  p a s s i n g  beam. They 
h a v e  an  e f f e c t i v e  l u m i n o u s  f l u x  a p p r o x i m a t e l y  10  % h i g h e r  
t h a n  o b t a i n e d  by a C8/C8 f i l a m e n t  c o n f i g u r a t i o n .  

4 

A u t o m o t i v e  h e a d l a m p s  h a v e  b e e n  d e s i g n e d  for t h e  US m a r k e t  
i n c o r p o r a t i n g  a t u n g s t e n  h a l o g e n  h a r d  g l a s s  ( a l u m i n o  
s i l i c a t e )  capsule mounted i n  a n  a l u m i n i z e d  PAR h a r d  g l a s s  
b u l b .  The l e n s  is cemen ted  t o  t h e  r e f l e c t o r .  E v o l u t i o n  of 
t h i s  source h a s  s e e n  t h e  PAR relector made o f  aluminum 
d e p o s i t e d  on  p l a s t i c .  T h e s e  lamps are p r e s e n t l y  d e s i g n e d  
w i t h  r e p l a c e a b l e  c a p s u l e s .  E f f o r t s  are d i r e c t e d  t o  s i z e  
r e d u c t i o n ,  o n e  a p p r o a c h  b e i n g  t h e  u s e  o f  m u l t i - s o u r c e s .  
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PART II - TRENDS I N  THE DEVELOPMENT OF LOW PRESSURE DISCHARGE 
L I G H T  SOURCES 

I n t r o d u c t i o n  

The f a m i l y  o f  low p r e s s u r e  a r c  d i s c h a r g e  l i g h t  sources c o n s i s t s  
of two major l i g h t  sources. These  are  t h e  f l u o r e s c e n t  lamp, a 
l o w  pressure m e r c u r y  d i s c h a r g e  e n c a p s u l a t e d  i n  a UV s e n s i t i v e  
p h o s p h o r  c o a t e d  g l a s s  e n v e l o p e ,  and t h e  l o w  pressure sodium 
lamp, a l o w  pressure sodium d i s c h a r g e  e n c a p s u l a t e d  i n  a g l a s s  
e n v e l o p e .  

2.1. F l u o r e s c e n t  Lamp 

T h e  f l u o r e s c e n t  lamp is  a n  a r c  d i s c h a r g e  t h r o u g h  a m i x t u r e  of 
m e r c u r y  and a r a r e  g a s ,  g e n e r a l l y  a r g o n .  The m e r c u r y  g a s ,  t h e  
a c t i v e  g a s ,  h a s  an  o p e r a t i n g  p r e s s u r e  o f  t h e  o r d e r  o f  6-10 x 
10' torr .  The r a r e  g a s ,  a b u f f e r  g a s  h a s  a n  o p e r a t i n g  
pressure o f  t h e  order o f  3 torr .  The c o n d u c t i n g  species o f  t h e  
d i s c h a r g e  a re  e l e c t r o n s  and m e r c u r y  i o n s .  I n  a d d i t i o n  t h e  
d i s c h a r g e  y i e l d s  a number of e x c i t e d  mercury atoms. These  
e x c i t e d  atoms y i e l d  a copious q u a n t i t y  o f  p h o t o n s  of 253.7 
and 185 nm UV r a d i a t i o n .  T h e s e  are r e s o n a n t  r a d i a t i o n s  f rom 
t h e  m e r c u r y  atom. The p h o s p h o r  o n  t h e  i n n e r  w a l l  o f  t h e  
e n c a p s u l a t i n g  g l a s s  t u b e  is  i n  t u r n  e x c i t e d  by  t h e s e  UV 
p h o t o n s  and  f l u o r e s c e s  i n  t h e  v i s i b l e  s p e c t r u m .  The p h o s p h o r s  
u s e d  i n  t h e s e  l i g h t  sources are d e s i g n e d  to  y i e l d  w h i t e  l i g h t  
f o r  a g e n e r a l  source o f  i l l u m i n a t i o n .  The p h o t o n  c o n v e r s i o n  
e f f i c i e n c y  o f  p h o s p h o r  e x c e e d s  90% making t h e  f l u o r e s c e n t  lamp 
a h i g h  e f f i c i e n c y  s o u r c e  o f  v i s i b l e  r a d i a t i o n .  

The f l u o r e s c e n t  lamp a s  shown i n  F i g u r e  3 is d e s i g n e d  as  a 
c y l i n d r i c a l  t u b e  w i t h  a l a r g e  aspect r a t i o .  The d i a m e t e r  of 
t h e  t u b e  is o f  t h e  order o f  16-40 mm w i t h  l e n g t h s  r a n g i n g  f rom 
13 .5  - 250 c m .  The s u r f a c e  a r e a  of t h e s e  sources may b e  q u i t e  

3 
l a r g e ,  u p  t o  3000 c m 2 .  Due  to  t h e  l a r g e  s u r f a c e  area,  t h e  
s u r f a c e  b r i g h t n e s s  of t h e  source is  r e l a t i v e l y  low ( 8 . 2  x 1 0  
c a n d e l a / m e t e r 2 )  e v e n  t h o u g h  t h e  o v e r a l l  e f f i c a c y  is q u i t e  h i g h  
(of  t h e  o r d e r  o f  80 l m / W ) .  

2 . 1 . 1 .  F l u o r e s c e n t  Lamp Phosphor Development 

D u r i n g  t h e  p a s t  q u a d r e n n i u m  t r e n d s  i n  f l u o r e s c e n t  lamps h a v e  
b e e n  e v i d e n t  i n  t w o  a reas ,  namely  e n e r g y  e f f i c i e n t  l amps  a n d  
compact source lamps. Ene rgy  e f f i c i e n t  s o u r c e s  h a v e  been  
d e v e l o p e d  by t h e  a p p l i c a t i o n  o f  h i g h  e f f i c a c y  n a r r o w  band 
p h o s p h o r s .  The p h o s p o r  improvemen t s  r e p o r t e d  i n c l u d e  r a re  
e a r t h  a c t i v a t e d  c h l o r o p h o s p h a t e s ,  h a l o - b o r o - p h o s p h a t e s ,  
s i l i c a  p h o s p h a t e s ,  y t t r i u m  o x i d e ,  rare e a r t h  a c t i v a t e d  
$orates and e u r o p i u m  a c t i v a t e d  a l k a l i n e  w i t h  a l u m i n a t e s  . Lamps h a v e  been  d e s i g n e d  u s i n g  rare e a r t h  p h o s p h o r s  i n  
which  l u m i n o u s  e f f i c a c y  v a r i e d  f rom 97-80 l m / W  and  t h e  
G e n e r a l  C o l o u r  R e n d e r i n g  I n d e x  v a r i e d  f rom 87-81 o v e r a t h e  
correlated colour t e m p e r a t u r e  r a n g e  of 3000 - 6500 K . 

- 
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A b a r i u m  c h l o r o a p a t i t e  p h o s p h a t e  w a s  d i s c o v e r e d ,  a blue 
e m i t t i n g  p h o s p h o r ,  e x h i b i t i n g  improved s t a b i l i t y  r e s u l t i n g  
i n  a t h r e e  band t y p e  f l u o r e s c e n t  l amp  w i t h  a r e d u c e d  colour 
s h i f t .  A g r e e n  e m i t t i n g  s i l i c a t e  p h o s p h a t e  h98 been  
d e v e l o p e d  y i e l d i n g  an efficacy of 132 lm/W . 
Phosphor-lfiyp2 S t u d i e s  have b e e n  made t o  improve  colour 
r e n d i t i o n  , . 

2 . 1 . 2 .  Fluorescent Lamp Discharge Development 

S t u d i e s  h a v e  been  u n d e r t a k e n  toward  o p t i m i z a t f g n l ? f  
f l u o r e s y f n f 6 1 a m p s  and t h e i r  o p e r a t i n g  s y s t e m  
O t h e r s  , have  s t u d i e d  t h e  improvement  of lamp o p e r a t i n g  
parameters t h r o u g h  r e d u c t i o n  of lamp d i a m e t e r .  S t u d i e s  of 
r e c o m b i n a t i o n  s t r u c t y r e y 8  mounted w i t h i n  t h e  plasma volume 
h a v e  b e e n  c o n t i n u e d  , . 
O t h e r s  h a v e  i n v e s t i g a t e d  t h e  improvement  of lamp e f f i c a c y  
t h r o u g h  a l t e r a t i o n  of t h e  n a t u r a l  i sotopic  d i s t r i b u t i o n  o f  
m e r c u r y  i n  t h e  lamp . 1 9  

2.1.3. New Fluorescent Lamp Designs 

E n e r g y  s a v i n g  lamps h a v e  b e e n  d e v e l o p e d  t o  r e d u c e  t h e  cost 
of l i g h t i n g .  One s u c h  i n n o v a t i o n  c o n s i s t s  o f  a lamp i n  w h i c h  
a s w i t c h  is i n c o r p o r a t e d  t o  d i s c o n n e c t  QEater power t o  t h e  
f i l a m e n t  of a n o r m a l l y  h e a t e d  f i l a m e n t  . 
The European  T-8 (26 mm diameter )  lamp c o n c e p t  has  b e e n  
i n t r o d u c e d  i n  t h e  USA by  t h e  d e s i g n  of a lamp b a l l a s t  s y s t e m  
y i e l d i n g  t h e  h i g h e s t  e f f i c a c y  of a n y  e q u i v a l e n t  f l u o r e s c e n t  
s y s t e m  ( o v e r  100  l m / W ) ,  w i t h  a n  acceptable  c o l o u r  r e n d e r i n g  
i n d e x  (75), and l o n g  l i f e  ( 1 5 0 0 0  h r s . )  2 2  

2.1.4. Compact Fluorescent Lamp Development 

A s e c o n d  area of c h a n g e  i n  f l u o r e s c e n t  l i g h t i n g  i s ,$hg ,  
c o n t i n u i n g  t r e n d  toward  compact f l u o r e s c e n t  lamps - . 
T h e r e  are  t w o  main t y p e s :  Those  w i t h  a n  i n t e g r a t e d  b a l l a s t  
and those w i t h  a s e p a r a t e  b a l l a s t .  S e l f - b a l l a s t e d  compact 
source lamps w i t h  an  i n t e g r a t e d  b a l l a s t  are b e i n g  w i d e l y  
a c c e p t e d ,  They are a v a i  b le  i n  b o t h  cool w h i t e  and 
i n c a n d e s c e n t  c o l o u r  
85 and l u m i n o u s  e f f i c a c y  o f  a b o u t  50 lm/W. The u s e  of 
amalgams f o r  c o n t r o l  of t h e  m e r c u r y  v a p o r  pressure i n  self  
b a l l a s t e d  compact f l u o r e s c e n t  lamps h a s  b e e n  e x t e n s i v e l y  
examined .  E f f i c a c y  i n c r e a s e s  o f  13 % h a v $ 6 b t & n  reported w i t h  
t h e  u s e  of a b i s m u t h - i n d i u m - t i n  amalgam - . Amalgams h a v e  
b e e n  a v o i d e d  i n  a d e s i g n  i n  w h i c h  two o p e n  ended  d i s c h a r g e  
t u b e s  are mounted w i t h i n  a n  outer j a c k e t ,  so t h a t  the 
a t m o s p h e r i c  composition is c o n t r o l l e d  by t h e  c o l d  spot 
temperature w i t h i n  t h e  ou ter  b u l b .  S i g n i f i c a n t  imgyogtrnents  
i n  luminous e f f i c a c y  are r e p o r t e d  for s u c h  lamps - . 

'', w i t h  a colour r e n d e r i n g  i n d e x  o f  
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Luminous e f f i c a c y  improvemen t s  of compact f l u o r e s c e n t  lamps 
a r e  b e i n g  r e a l i z e d  by t h e  i n c o r p o r a t i o n  of a n  e l e c t r o n i c  
b a l l a s t .  These  b a l l a s t s  are  i n t e g r a t e d  i n t o  t h e  lamp 
s t r u c  t Ure 4 5 - 4 7 ,  and r e s u l t  i n  r e d u c e d  o v e r a l l  w e i g h t  of t h e  
l i g h t  g e n e r a t i n g  p a c k a g e .  Non i n t e g r a t e d  compact f l u o r e s c e n t  
lamps h a v e  l u m i n o u s  e f f i cac i e s  o f  u p  t o  8 0  l m / W .  Lamps 
c o n s i s t i n g  of a p a i r  of 1 0  mm tubes b e n t  i n  t h e  shape of a 
D ,  b e n t  i n  t h e  shape of a n  U o r  j o i n e d  w i t h  a g l a s s  b r i d g e  
to form a n  U have b e e n  i n t r o d u c e d .  T y p i c a l  d u a l  l e g  compact 
lamps and  a D lamp are shown i n  F i g u r e  4 .  F u r t h e r ,  lamps 
c o n s i s t i n g  of a p a i r  of U t u b e s ,  e i t h e r  b e n t  o r  j o i n e d  w i t h  
a g l a s s  b r i d g e  as n o t e d  a b o v e ,  and j o i n e d  a g a i n  w i t h  a g l a s s  
b r i d g e  to r e a l i z e  a f u r t h e r  r e d u c t i o n  in o v e r a l l  l e n g t h ,  
have b e e n  i n t r o d u c e d .  T y p i c a l  4- leg  compact  lamps are  shown 
i n  F i g u r e  5. 

2 . 1 . 5 .  Compact Fluorescent Lamp Experimental S tud ies  

Mode l ing  of compact,.Jamps k a s  been  c a r r i e d  o u t  u s i n g  g e n e r a l  
f l u o r e s c e n t  t h e o r y  E x p e r i m e n t a l  s t u d i e s  of parameters 
i n f l u e n c i n g  luyQnoV@ f l u x  and  l u m i n o u s  f l u x  . e f f i c a c y  h a v e  
b e e n  reported . D i s c u s s i o n  of lamp v o l t a g e  l i m i t a t i o n s  
are p r e s e n t e d .  The i n t e r a c t i o n  of a m e r c u r y  d i s c h a r g e  w i t h  a 
g l a s s  e n v e l o p e  h a v i n g  a h i g h  s o d i u m  c o n t e n t  c o n t i n u e s  t o  
command a t t e n t i o n  . 5 0  

2 . 1 . 6 .  Fluorescent Lamp behaviour on specific electronic c i r c u i t s  

E v a l u a t i o n  of dimming of 26 mm d i a m e t e r  lamps was r e p o r t e d  . Opera t i  n lamps a t  h i g h  f r e q u e n c i e s  i s  c o n t i n u i n g  t o  3 1  

b e  s t u d i e d  M ? f .  
S t a r t i n g  s t u d i e s  of lamps a t  low and h i g h  frequency were 
r e p o r t e d  . 57 

2 . 2 .  L o w  Pressure Sodium Lamp 

The l o w  p r e s s u r e  sodium lamp i s  t h e  s e c o n d  member of t h i s  
f a m i l y .  As t h e  name s u g g e s t s  this lamp c o n s i s t s  of a n  arc  
d i s c h a r g e  t h r o u g h  a v a p o u r  of s o d i u m / r a r e  gas. I n  t h i s  case 
t h e  c o n d u c t i v e  species are e l e c t r o n s  and  sod ium i o n s .  The 
sod jum g a s  operates a t  a v a p o r  p r e s s u r e  of a p p r o x i m a t e l y  3 x 
10' to r r .  The r a re  g a s  a c t i n g  as a b u f f e r  g a s  is a t  a 
presssure of a few t o r r .  

T h i s  d i s c h a r g e  i o n i z e s  atoms of sodium i n  d e v e l o p i n g  a 
d i s c h a r g e .  I n  a d d i t i o n ,  t h e  d i s c h a r g e  g e n e r a t e s  a copious 
s u p p l y  of e x c i t e d  sodium y i e l d i n g  r a d i a t i o n  i n  t h e  sodium D 
d o u b l e t  a t  589.0 and 589.6 nm - r e s o n a n t  r a d i a t i o n .  Due t o  t h e  
l o w  e n e r g y  of t h e  e x c i t a t i o n  of t h e s e  r e s o n a n t  l i n e s  t h i s  lamp 
opera tes  w i t h  a h i g h  e f f i c i e n c y  of g e n e r a t i o n  of v i s i b l e  
r a d i a t i o n .  T h e s e  r a d i a t i o n s  are  i n  t h e  y e l l o w  r e g i o n  of t h e  
s p e c t r u m  w i t h  e s s e n t i a l l y  n o  r a d i a t i o n  e l s e w h e r e .  
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F i g u r e  5 T y p i c a l  4-leg Compact F l u o r e s c e n t  tamps 
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These  sources are  t u b u l a r  i n  s h a p e  w i t h  a l a r g e  aspect r a t i o  
as  shown i n  F i g u r e  6 .  F u r t h e r ,  d u e  t o  t h e  r e a c t i v i t y  of sodium 
a spec ia l  b o r a t e  glass is  r e q u i r e d  t o  c o n t a i n  t h e  d i s c h a r g e .  
T h i s  lamp h a s  t h e  h i g h e s t  e f f i c a c y  of a n y  of t h e  common 
commercial l i g h t  s o u r c e s  w i t h  v a l u e s  between 100 and o v e r  200  
Im/W. 

Due t o  t h e  l i m i t e d  s p e c t r u m ,  t w o  n a r r o w  l i n e s  i n  t h e  ye l low 
r e g i o n  o f  t h e  v i s i b l e  s p e c t r u m ,  a p p l i c a t i o n  h a s  b e e n  i n  areas 
where  c o l o u r  r e n d e r i n g  is n o t  i m p o r t a n t  - s u c h  a s  roads, road 
t u n n e l s ,  m a r s h a l l i n g  y a r d s ,  p a r k i n g  spaces, e t c .  

2.2.1. Low Pressure Sodium Lamp Development 

The major t r e n d  i n  l o w  p r e s s u r e  sodium lamp t e c h n o l o g y  
c o n t i n u e s  t o  b e  d i r e c t e d  toward  i n c r e a s e d  e f f i cacy  b y  
improvement  of t h e  h e a t  c o n s e r v a t i o n .  The improvement  of 
ind ium o x i d e  e n v e l o p e  c o a t i n g  b y  o p t i m i z a t i o n  o f  t h e  t i n  
d o p a n t  kgs made possible t h e  d e v e l o p m e n t  of 200 l m / W  l i g h t  
s o u r c e  
r e p o r t e d  . O t h e r  r e f l ec t ive  c o a t i n g  s t u d i e s  h a v e  b e e n  

5 9  

A s u c c e s s f u l  dimming of low p r e s s u r e  sodium lamps t h r o u g h  
i n c r e a s i n g  t h e  f r e q u e n c y  of o p e r a i t o n  of a n  i n d u c t i v e l y  
b a l l a s t e d  lamp h a s  b e e n  reported 
f r e q u e n c y  o p e r a t i o n  h a v e  b e e n  r e p o r t e d  . . S t r f i e s  of h i g h  
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PART III: TRENDS IN THE DEVELOPMENT OF BIGE INTENSITY 
DISCHARGE LIGHT SOURCES 

3. Introduction 

The High I n t e n s i t y  D i s c h a r g e  ( H I D )  g r o u p  of l i g h t  s o u r c e s  
e n c o m p a s s e s  t h r e e  families of lamps, namely  h i g h  p r e s s u r e  
m e r c u r y ,  metal h a l i d e  and  h i g h  p r e s s s u r e  sodium. T y p i c a l  
e x a m p l e s  of e a c h  a re  shown i n  F i g u r e  7. These  lamps h a v e  a n  
o p e r a t i n g  p r e s s u r e  i n  t h e  r a n g e  of 1-10 a t m o s p h e r e s  - t h e  medium 
p r e s s u r e  r a n g e .  The lamps c o n s i s t  of a n  arc t u b e  e n c l o s i n g  a 
d i s c h a r g e  which  i s  mounted w i t h i n  a n  o u t e r  e n v e l o p e  of s o d a - l i m e  
g l a s s ,  h a r d  g l a s s  o r  e v e n  q u a r t z  t o  c o n s e r v e  h e a t .  Lamps i n  t h i s  
g r o u p  operate i n  t h e  r a n g e  of 50 w a t t s  upward t o  3000 wat ts .  

3 . 1 .  High Pressure Mercury Lamps 

The d i s c h a r g e  t u b e  of t h e  m e r c u r y  lamp is  f a b r i c a t e d  from 
f u s e d  q u a r t z  i n c o r p o r a t i n g  molybdenum f o i l s  fo r  e lec t r ica l  
f e e d  t h r o u g h s .  I t  c o n t a i n s  a m i x t u r e  of m e r c u r y  and  a r g o n  
gases. Prior t o  i g n i t i o n  o f  t h e  d i s c h a r g e ,  t h e  m e r c u r y  is  i n  
t h e  c o n d e n s e d  s t a t e  s u c h  t h a t  i t  e x h i b i t s  a v a p o r  p r e s s u r e  of 
o n l y  a f e w  m i c r o n s .  The d i s c h a r g e  i s  i n i t i a t e d  a s  a l o w  
pressure m e r c u r y  d i s c h a r g e  a t  a f e w  t h o u s a n d  Pa p r e s s u r e  d u e  
t o  t h e  a r g o n  f i l l .  As t h e  d i s c h a r g e  i n c r e a s e s  t h e  e n v e l o p e  
t e m p e r a t u r e  to i t s  e q u i l i b r i u m  v a l u e  o f  a b o u t  1100 K ,  t h e  
o p e r a t i n g  p r e s s u r e  i n c r e a s e s  t o  a f e w  b a r .  The d i s c h a r g e  is 
c a r r i e d  b y  e l e c t r o n s  and m e r c u r y  i o n s .  I n  a d d i t i o n ,  e x c i t a t i o n  
of m e r c u r y  n e u t r a l s  and t h e i r  s u b s e q u e n t  r e t u r n  t o  t h e  g r o u n d  
s t a t e  results i n  t h e  t r a n s f e r  of e l e c t r i c a l  e n e r g y  i n t o  
r a d i a n t  e n e r g y .  The more i m p o r t a n t  r a d i a n t  e n e r g i e s  of t h i s  
lamp a r e  i n  t h e  v i s i b l e ,  namely  579 ,  577 ,  546, 436 and 405 
nm. The d i s c h a r g e  d o e s  g e n e r a t e  u l t r a v i o l e t  r a d i a t i o n  
p a r t i c u l a r l y  t h e  n e a r  u l t r a v i o l e t .  By t h e  u s e  of special  
p h o s p h o r s  t h i s  e n e r g y  i s  c o n v e r t e d  t o  v i s i b l e  r a d i a t i o n ,  
p r i m a r i l y  i n  t h e  r e d  p a r t  of t h e  spectrum, t o  improve  t h e  
c o l o u r  r e n d i t i o n  o f  t h e  lamp. The r a d i a t i o n  from t h e  m e r c u r y  
d i s c h a r g e  i s  n o t a b l e  for t h e  a b s e n c e  of a n y  r e d  r a d i a t i o n .  
High p r e s s u r e  m e r c u r y  lamps g e n e r a t e  v i s i b l e  r a d i a t i o n  w i t h  a n  
e f f i cacy  of 50-60 lm/W.  

3.1.1. Developments in High Pressure Mercury Lamps 

Based  o n  t h e  l i t e r a t u r e  of " h i g h  i n t e n s i t y  d i s c h a r g e "  l i g h t  
s o u r c e s ,  l i t t l e  i f  a n y  d e v e l o p m e n t  i s  t a k i n g  place i n  t h e  
area of t h e  h i g h  pressure m e r c u r y  d i s c h a r g e .  The o n l y  
s t u d i e s  r e p o r t e d  d u r i n g  t h e  l a s t  quadrenn ium c o n c e r n e d  
s t a r t - u p  c h a r a c t e r i s t i c s  of t h e  s o u r c e  l .  Thus o n e  m u s t  
c o n c l u d e  t h a t  t h i s  l i g h t  s o u r c e  is becoming less i m p o r t a n t ,  
a l t h o u g h  t h e  s e l f - b a l l a s t e d  lamp c o n t i n u e s  to  be a d o m i n a n t  
s o u r c e  i n  d e v e l o p i n g  c o u n t r i e s ,  which v a l u e  t h e  c o m b i n a t i o n  
of l o n g  l i f e  and t h e  a v o i d a n c e  of an  a u x i l i a r y  b a l l a s t .  
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Figure 7 a .  Typ ica l  High Pressure Mercury Lamp 
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F i g u r e  7 b .  Typical Metal H a l i d e  Laiiips 
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Figure 7c. Typical High Pressure Sodium Lamps 
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WAMLENOTH IN NANOMETERS 
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Figure 8. Spectrum of Typical Metal Halide Lamps 
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3.2 .  Metal Halide Lamps 

The metal h a l i d e  lamp d i s c h a r g e  i s  e n c l o s e d  w i t h i n  a q u a r t z  
a rc  t u b e  u s i n g  molybdenum f o i l  e l e c t r i c a l  f e e d  t h r o u g h s .  The 
e n v e l o p e  c o n t a i n s  metal h a l i d e s  ( g e n e r a l l y  metal  i o d i d e s )  , 
m e r c u r y  and a r a r e  g a s ,  ( g e n e r a l l y  a r g o n ) .  A s  w i t h  t h e  m e r c u r y  
l amp ,  t h e  metal  h a l i d e  lamp is  i g n i t e d  a s  a low pressure 
m e r c u r y  d i s c h a r g e .  As t h e  q u a r t z  arc t u b e  temperature 
increases t h e  m e r c u r y  pressure increases.  S u b s e q u e n t l y ,  t h e  
metal h a l i d e s  v a p o r i z e .  The h a l i d e s  become d i s s o c i a t e d  and  
s u p p l y  metal atoms to  t h e  d i s c h a r g e .  These  atoms become 
i o n i z e d  s u p p l y i n g  e l e c t r o n s  and i o n s  t o  t h e  d i s c h a r g e .  I n  
a d d i t i o n ,  e x c i t a t i o n  o f  t h e  metal atoms r e s u l t s  i n  t h e  
s u b s e q u e n t  e m i s s i o n  of a p h o t o n  of r a d i a t i o n  a s  t h e  e x c i t e d  
atoms r e t u r n  to t h e  g r o u n d  s t a t e .  Due t o  t h e  number of 
d i f f e r i n g  metal  h a l i d e s  i n  t h e  d i s c h a r g e ,  g e n e r a l l y  a minimum 
of three,  t h e  r a d i a t i o n  e m i t t e d  by t h e  source may be 
s u f f i c i e n t l y  d e n s e  to appear a s  a c o n t i n u u m  y i e l d i n g  a 
b a l a n c e d  e m i s s i o n  o v e r  t h e  v i s i b l e  r a n g e .  

For g e n e r a l  l i g h t i n g  t h e r e  are a number of metal h a l i d e  
f o r m u l a t i o n s  i n  u s e .  These  i n c l u d e  sod ium,  scand ium,  m e r c u r y  
p l u s  i o d i n e ;  sodium,  t h a l l i u m ,  i n d i u m ,  m e r c u r y  p l u s  i o d i n e ;  
d y s p r o s i u m ,  holmium, t h u l l i u m ,  sod ium,  t h a l l i u m ,  mercury p l u s  
i o d i n e  and b romine ;  i n d i u m ,  t i n ,  sod ium,  t h a l l i u m ,  l i t h i u m ,  
m e r c u r y  p l u s  i o d i n e  and b romine .  Spectra fo r  e a c h  of t h e s e  
f o r m u l a t i o n s  are shown i n  F i g u r e  8. These  lamps g e n e r a t e  
v i s i b l e  r a d i a t i o n  a t  a n  e f f i c a c y  of 80-125 lm/W.  Main prob1em.s 
i n  t h i s  lamp t y p e  are  c o l o u r  i n s t a b i l i t y  and lumen-ma in tenance  
t h roug  hou t 1 amp-1 i fe.  

Again ,  p h o s p h o r s  may be c o a t e d  o n  t h e  e n c l o s i n g  outer e n v e l o p e  
which  w i l l  c o n v e r t  some o f  t h e  u l t r a v i o l e t  r a d i a t i o n  t o  
v i s i b l e  r a d i a t i o n  p a r t i c u l a r l y  i n  t h e  r e d  r e g i o n  m a i n l y  t o  
g i v e  improved color r e n d i t i o n  o f  t h e  s o u r c e .  T h i s  p h o s p h o r  
r a d i a t i o n  d o e s  n o t  s i g n i f i c a n t l y  e n h a n c e  t h e  e f f i c a c y  of t h e  
s o u r c e .  

3.2.1. Developments in Metal Halide Lamps 

I n  c o n t r a s t  t o  t h e  m e r c u r y  lamp, numerous  r e c e n t  papers are  
t o  be found  d i s c u s s i n g  d e v e l o p m e n t s  i n  metal h a l i d e  lamps . 
One s i g n i f i c a n t  t r e n d  i n  metal h a l i d e  l i g h t  s o u r c e s  h a s  b e e n  
o f  d e v e l o p m e n t a l  s t u d i e s  o f  low w a t t a g e  metal  h a l i d e  lamps. 
T h e s e  s t u d i e s  h a v e  i n v o l v e d  s i n g l e  ended  lamps s t u d y i n g  
e n  r g y  b a l a n c e ,  d o u b l e  ended  lamps e v a l u a t i n g  per o rmance  ’-‘, s t u d i e s  o f  pe f o r m a n c e  u n d e r  D.C. o p e r a t i o n  fl and 
acoustic r e s o n a n c e  . N e w  m e t h o d s  of m a n u f a c t u r i n g  t h e s e  
lamps t o  reduce r e s i d u a l  c o n t a m i n a t i o n  h a v e  been  s t u d i e d  . 
Means f o r  improv ing  t h e  p e r f o r m a n c e  o f  t h e  sodium- scand ium 

metal  h a l i d e  lamp a re  c o n t i n u i n g  to  b e  e v a l u a t e d  
lamp c h e m i s t r y  d e s i g n s  are  b e i n g  s t u d i e d  

E 

i 4 3 a  

The  d e v e l o p m e n t  o f  a new p h o s p h o r  c o m p o s i t i o n a l  r a t i o  2 1  
y i e l d i n g  3000 K colour temperatures h a s  been r e p o r t e d  . 
The e f f e c t  of c h a n g e s  i n  oute5’jacket c o n f i g u r a t i o n  o n  lamp 
o p e r a t i o n  h a s  been  evaluated , w h i l e  renewed i n t e r e s t  is 
found  i n  t h e  s t u d y  o f  e l e c t r o d e  t e m p e r a t u r e  d i s t r i b u t i o n .  

Copyright International Commission on Illumination 
Provided by IHS under license with CIE Licensee=Hong Kong Polytechnic University/9976803100, User=ertert, rtet

Not for Resale, 04/30/2015 00:15:05 MDTNo reproduction or networking permitted without license from IHS

-
-
`
,
`
`
`
,
`
`
,
,
,
,
,
,
`
,
,
,
`
`
,
,
,
`
`
`
,
,
`
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: CIE 77-1988

http://www.avadocuments.com/doc/cie-77-1988
http://www.avadocuments.com/doc/cie-77-1988


CIE 77 88 900bL45 0003477 975 

1-28 

3.2.2. Lamp on special Circuitry 

I n  t e r  ac t i o n  of 3 y g  w i t h  a u x i l i a r y  e q u i p m e n t  c o n t i n u e s  t o  be 
of i m p o r t a n c e  
i n c r e a s e d  i n t e r e s t  . R e s t a r t i n g  of lamps is becoming of 

2 7  

3.2.3. Fundamental Studies of Metal Halide Lamps 

S t u d i e s  o f  t h e  p h y s i c s  and c h e m i s t r y  of t h e s e  m e t a l , $ a $ j d e  
lamps t o  y i e l d  improved p e r f o r m a n c e  are c o n t i n u i n g  - 
N e w  s t u d i e s  h a v e  b e e n  made o f  t i n  h a l i d e  lamps 38. Renewld 
i n t e r e s t  h a s  s u r f a c e d  o n  t h e  a p p l i c a t i o n  of microwave 
o p e r a t i o n  of metal h a l i d e  lamps . 3 9  

3.3. High Pressure Sodium Lamp 

The h i g h  p r e s s u r e  sodium lamp arc  t u b e  is made of s i n t e r e d  
a l u m i n a  powder i n c o r p o r a t i n g  n i o b i u m  e l e c t r i c a l  f e e d t h r o u g h s .  
( T h e  a l u m i n a  i s  r e q u i r e d  i n  place of f u s e d  s i l i c a  b e c a u s e  of 
t h e  h i g h  r e a c t i v i t y  of sodium w i t h  f u s e d  s i l i c a ) .  The lamp 
d o p a n t s  i n c l u d e  sodium,  m e r c u r y  and a r a r e  g a s ,  m o s t  o f t e n  
xenon .  The arc i s  i n i t i a t e d  as a l o w  p r e s s u r e  d i s c h a r g e .  Wi th  
i n c r e a s i n g  wal l  t e m p e r a t u r e  t h e  sodium pressure i n c r e a s e s  as  
sod ium is  v a p o r i z e d .  Upon r e a c h i n g  s t ab le  o p e r a t i o n ,  t h e  
d i s c h a r g e  c o n s i s t s  e s s e n t i a l l y  o f  e l e c t r o n s  and  sodium i o n s .  
A g a i n ,  t h e  r a d i a t i n g  species a r e  pr imar i ly  e x c i t e d  sodium 
atoms which  e m i t  p h o t o n s  of v i s i b l e  r a d i a t i o n  (p r imar i ly )  as 
t h e  atoms f a l l  t o  t h e  g r o u n d  s ta te .  The major r a d i a t i o n  is d u e  
t o  t h e  sodium D d o u b l e t  a t  589  and 5 9 0  nm. O t h e r  l i n e s  a t  6 1 5 ,  
5 6 8 ,  567,  515 ,  4 9 8 ,  4 6 6 ,  449  nm become important a t  t h e  h i g h e r  
s o d i u m  v a p o r  p r e s s u r e .  A s  t h e  d i s c h a r g e  plasma i s  o p t i c a l l y  
t h i c k  fo r  a number of atomic l i n e s ,  t h e s e  l i n e s  s a t u r a t e  
e f f e c t i v e l y  d e v e l o p i n g  a c o n t i n u o u s  v i s i b l e  s p e c t r u m .  A 
t y p i c a l  spectrum i s  shown i n  F i g u r e  9.  

3 .3 .1 .  Developments of High Pressure Sodium Lamp 

The h i g h  pressure sodium lamp t e c h n o l o g y  c o n t i n u e s  t o  be 
d e v e l o p e d .  The number of s t u d i e s  r e p o r t e d  appears t o  be 
s t a b i l i z i n g  i n d i c a t i v e  of p r o d u c t  m a t u r i z a t i o n .  

Development  of a new g e n e r a t i o n  of lamps h a s  b e e n  t h e  
s u b j e c t  of two s t u d i e s  4 0 - 4 1 .  T h e r e  is a c g q t i q u i n g  e m p h a s i s  
o n  improvement  of t h e  c o l o u r  of t h i s  lamp - . Othet61qnfp  
d e v e l o p m e n t s  h a v e  b e e n  d i r e c t e d  to  low wattage lamps - . 
I n  t h e  e f f o r t  to o b t a i n  a b e t t e r  u n d e r s t a n d i n g  of lamp 
o p e r a t i o n s ,  s t u d i e s  of f ac to r s  i n f l u e n c i n g  t h e  e f f icacy  of 
t h e  h i g h  pressure s ium d i s c h a r g e  h a v e  b e e n  u n d e r t a k e n  by 
seve ra l  a u t h o r s  48-". Also5? new compute r  lamp d e s i g n  
p rogram h a s  b e e n  d e v e l o p e d  . S t u d i e s  of lamp o p e r a t i o n  a s  
i n f l u e n c e d  l?y-Pypants, g e o m e t r y ,  and s u c h  factors are 
c o n t i n u i n g  , w h i l e  b a l l a s t  lamp s y s t e m s  s t u d i e s  are  
e v a l u a t e d  . 5 8  
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