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an  electrode  of  the  lamp  and  the  mercury  target. 



TECHNICAL  FIELD 

This  i n v e n t i o n   r e l a t e s   to  arc  d i s c h a r g e   lamps  which  i n c l u d e  

mercury  and  to  a  method  for  d i s p e n s i n g   the  mercury  in to   the  lamp. 

It  has  p a r t i c u l a r   a p p l i c a t i o n   to  f l u o r e s c e n t   lamps .  

BACKGROUND  ART 

In  the  pas t ,   i t   has  been  common  to  d i spense   l i q u i d   mercury  i n t o  

a  lamp  through  an  exhaus t   t u b u l a t i o n .   Since  th i s   p r o c e d u r e   has  on 
occas ion  been  c o n s i d e r e d   an  env i ronmen ta l   hazard,   as  well  as  be ing  

w a s t e f u l ,   o ther   t e c h n i q u e s ,   i n v o l v i n g   the  r e l e a s e   of  mercury  from  a 

so l id   a f t e r   the  lamp  has  been  evacua t ed   and  sea led ,   have  been 

employed.  

These  other   t e c h n i q u e s   have  i nvo lved   the  use  of  r ad io   f r e q u e n c y  

(RF)  induced  c u r r e n t s   in  order   to  heat  the  mercury  t a r g e t .   This  has  

r e q u i r e d   the  use  of  a  metal  antenna  loop  in  order  to  i n t e r c e p t   and 

conver t   the  RF  energy  into  an  RF  hea t i ng   c u r r e n t .  

In  one  such  method  the  antenna  took  the  form  of  a  d i s i n t e g r a t i o n  

sh ie ld   e n c i r c l i n g   the  lamp  c o i l .   This  s h i e l d   c o n t a i n e d   an 

i n t e r m e t a l l i c   Ti3  Hg  a l l oy   app l i ed   to  one  side  of  an  o v a l - s h a p e d  

ribbon  loop  made  of  a  base  metal  such  as  nickel   or  s t a i n l e s s   s t e e l .  

The  metal  r ibbon  had  a  width  of  about  0.25  i n c h e s .  

Another  method  of  mercury  d i s p e n s i n g   employing  t h e  

d i s i n t e g r a t i o n   s h i e l d   RF  antenna  p r i n c i p l e   was  to  p o s i t i o n   t h e  

mercury  t a r g e t   ac ross   a  gap  in  the  r ibbon  s h i e l d .   The  mercury  was 

con ta ined   in  e i t h e r   a  g lass   or  metal  c a p s u l e .   In  the  case  of  t h e  

glass  capsule   a  f ine   wire  was  e i t h e r   wrapped  around  the  capsule   o r  
passed  through  i t .   The  ends  of  the  wire  were  then  welded  to  each 

side  of  the  s h i e l d   gap  to  complete   the  loop  c u r r e n t   path .   In  t h e  

case  of  the  metal  c a p s u l e ,   the  c apsu le   i t s e l f   is  welded  across  t h e  

gap  to  complete  the  loop  c u r r e n t   p a t h .  



Previous   d i s p e n s i n g   t e c h n i q u e s   i nvo lv ing   metal  r ibbon  s h i e l o s  

have  r e l i e d   on  the  heat  gene ra t ed   by  the  RF  c u r r e n t   to  r a i s e   t h e  

t e m p e r a t u r e   of  the  metal  loop  or  the  wire  or  capsu le   across   t h e  

s h i e l d   gap  to  the  level   r e q u i r e d   for  mercury  r e l e a s e .   The  r e q u i r e d  

t e m p e r a t u r e   va r i ed   depending  on  the  type  of  mercury  t a r g e t .   The 

Ti3  Hg  a l l oy   r e l e a s e s   mercury  by  thermal  decompos i t i on   wi th in   a 

t e m p e r a t u r e   range  of  600°C  to  1000°C.  The  r e l e a s e   time  will   be 

lower  at  the  h igher   t e m p e r a t u r e .   A  r e l e a s e   time  of  25  seconds  i s  

ach ieved   for  a  t e m p e r a t u r e   of  900°C.  In  the  case  of  the  g l a s s  

c a p s u l e ,   the  wire  t e m p e r a t u r e   r e q u i r e d   to  crack  the  g la s s   is  a b o u t  

1000°C,  and  Hg  r e l e a s e   times  are  between  5  and  10  seconds .   For  t h e  

metal  c a p s u l e s ,   the  mercury  r e l e a s e   is  ob ta ined   when  the  vapor  

p r e s s u r e   wi th in   the  capsule   i n c r e a s e s   to  the  b u r s t i n g   point   of  t h e  

capsu le   des ign .   This  can  vary  c o n s i d e r a b l y   depending  on  the  c a p s u l e  

m a t e r i a l   as  well  as  the  wall  t h i c k n e s s .   Release   t imes  of  about  5 

seconds  have  been  r e p o r t e d   using  s t a i n l e s s   s t ee l   capsu le   of  2 -  3 

mil  wall  t h i c k n e s s .  

All  of  these   p rev ious   methods  r e q u i r e   the  use  of  a  closed  loop 

metal  antenna  to  conver t   the  RF  energy  to  RF  hea t ing   c u r r e n t .   T h i s  

adds  to  the  expense  of  the  lamp  and  l i m i t s   the  minimum  r e l e a s e   t i m e  

s ince   a  t w o - s t a g e   energy  c o n v e r s i o n   p rocess   is  r e q u i r e d .  

DISCLOSURE  OF  THE  INVENTION 

It  is,   t h e r e f o r e ,   an  ob j ec t   of  the  i n v e n t i o n   to  obv ia t e   t h e  

d i s a d v a n t a g e s   of  the  p r io r   a r t .  

It  is  ano the r   o b j e c t   of  the  i n v e n t i o n   to  enhance  mercury  r e l e a s e  

wi th in   an  arc  d i s c h a r g e   lamp.  

Yet  ano ther   o b j e c t   of  the  i n v e n t i o n   is  the  achievement   of  f a s t e r  

mercury  r e l e a s e   t imes  at  the  e x p e n d i t u r e   of  less  e n e r g y .  

These  o b j e c t s   are  accompl i shed ,   in  one  aspect   of  the  i n v e n t i o n ,  

by  a  mercury  r e l e a s e   mechanism  which  i nc ludes   the  d i r e c t   e l e c t r o n  

h e a t i n g   of  a  mercury  c o n t a i n i n g   t a r g e t .   The  mercury  r e l e a s e   i s  

accompl i shed   a f t e r   the  exhaus t ,   f i l l ,   and  t i p - o f f   o p e r a t i o n s   have 



been  pe r fo rmed .   Lamp  mount  m o d i f i c a t i o n s   are  employed  to  p o s i t i o n  

the  mercury  c o n t a i n i n g   t a r g e t   in  an  a p p r o p r i a t e   l o c a t i o n   to  r e c e i v e  

the  e l e c t r o n   s t r e a m .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  a  d iagrammat ic   view  of  an  e l e c t r i c a l   c i r c u i t  

employable   with  the  i n v e n t i o n ;  

FIG.  2  is  a  d i ag rammat ic   view  of  one  form  of  f l u o r e s c e n t   lamp 

u t i l i z i n g   a  p a r t i c u l a r   e l e c t r i c a l   c o n n e c t i o n   to  r e l e a s e   m e r c u r y ;  

FIG.  3  is  d i ag rammat ic   view  of  a  lamp  s i m i l a r   to  the  lamp  of  

FIG.  2  employing  an  a l t e r n a t e   e l e c t r i c a l   c o n n e c t i o n ;   and 

FIG.  4  is  a  d iagrammat ic   view  of  an  a l t e r n a t e   lamp  c o n f i g u r a t i o n  

with  an  a p p r o p r i a t e   e l e c t r i c a l   c o n n e c t i o n .  

BEST  MODE  FOR  CARRYING  OUT  THE  INVENTION 

For  a  b e t t e r   u n d e r s t a n d i n g   of  the  p r e s e n t   i n v e n t i o n ,   t o g e t h e r  

with  o ther   and  f u r t h e r   o b j e c t s ,   advan tages   and  c a p a b i l i t i e s   t h e r e o f ,  

r e f e r e n c e   is  made  to  the  f o l l o w i n g   d i s c l o s u r e   and  appended  c l a i m s  

taken  in  c o n j u n c t i o n   with  the  a D o v e - d e s c r i b e d   d r a w i n g s .  

R e f e r r i n g   now  to  the  drawings  with  g r e a t e r   p a r t i c u l a r i t y ,   t h e r e  
is  shown  in  FIG.  1  a  f l u o r e s c e n t   lamp  10  formed  of  a  t ubu l a r   g l a s s  

envelope  11  and  having  ends  12  and  14 .  

Lamp  10  (see  FIG.  2)  has  mounts  16  and  18  sea led   wi th in   ends  12 

and  14.  Mount  16  comprises   a  g l a s s   stem  20,  l e a d - i n   conductors   22 

and  24  and  an  e l e c t r o d e   26  connec ted   to  the  l e a d - i n s   and  s u p p o r t e d  

t h e r e b y .  

Mount  18  compr i ses   a  g lass   stem  28,  l e a d - i n   conouc to r s   30  and  32 

and  an  e l e c t r o d e   34 .  

A  mercury  c o n t a i n i n g   t a r g e t   36,  such  as  a  disc  of  Ti3  Hg,  i s  

mounted  upon  a  r e l a t i v e l y   r i g i d   suppor t   38  which  is  e l e c t r i c a l l y  

connected  to  one  of  the  l e a o - i n s ,   for  example,  32  of  mount  18.  In 

the  embodiment  shown  in  FIG.  2,  the  t a r g e t   36  is  p o s i t i o n e d   beyond 

the  plane  of  e l e c t r o d e   34:  i . e . ,   toward  the  cen te r   of  lamp  10. 



In  the  embodiment  shown  in  FIGS.  3  and  4,  one  of  the  mounts,  f o r  

example,  18a,  i nc ludes   a  t h i r d   l e a d - i n   40  which  mounts  the  t a r g e t  

36.  In  t h i s   i n s t a n c e   the  t a r g e t   36  is  p o s i t i o n e d   between  e l e c t r o d e  

34  and  stem  28 .  

The  bas ic   c i r c u i t   a r rangement   for  u t i l i z i n g   e l e c t r o n   c u r r e n t   t o  

r e l e a s e   the  mercury  is  shown  in  FIG.  1  as  compr i s ing   a  d .c .   power 

supply   42  and  a  v a r i a b l e   r e s i s t o r   44.  The  end  of  the  lamp  10 

c o n t a i n i n g   the  mount  to  which  the  mercury  t a r g e t   is  a t t a c h e d   i s  

connec ted   to  the  p o s i t i v e   s ide   of  the  power  supply   42  while  t h e  

o ther   end  of  the  lamp  10  is  connected   to  the  n e g a t i v e   s ide  of  t h e  

power  supply   4 2 .  

The  c u r r e n t   drawn  through  f l u o r e s c e n t   lamp  10  is  e s s e n t i a l l y  

e l e c t r o n   c u r r e n t .   The  pr imary  source  of  e l e c t r o n   c u r r e n t   in  t h e  

lamp  10  is  the  lamp  cathode  which  in  the  d . c .   c i r c u i t   shown  is  t h e  

e l e c t r o d e   26  connec t ed   to  the  n e g a t i v e   s ide  of  the  power  supply  42 .  

The  pr imary   e l e c t r o n   c u r r e n t   g e n e r a t e s   secondary   e l e c t r o n s   t h r o u g h  

an  i o n i z a t i o n   p roces s   in  the  p o s i t i v e   column  of  the  e v a c u a t e d ,  

f i l l e d   and  s e a l e d   lamp.  These  e l e c t r o n s   have  a  random  t h e r m a l  

v e l o c i t y   as  well  as  a  d r i f t   v e l o c i t y   e s t a b l i s h e d   by  the  lamp  f i e l d  

in  the  d i r e c t i o n   from  c a t h o d e - t o - a n o d e .   E l e c t r o n s   a r r i v i n g   at  t h e  

p o s i t i v e   end  of  the  lamp  will   be  c o l l e c t e d   by  the  e l e c t r o d e   34,  t h e  

l e a d - i n   w i r e s ,   and  the  mercury  t a r g e t   36.  The  e l e c t r o n   c o l l e c t i o n  

process   c o n v e r t s   the  k i n e t i c   energy  of  the  e l e c t r o n   c u r r e n t   i n t o  

heat  energy .   The  q u a n t i t y   of  heat  energy  produced  wil l   depend  on 

the  k i n e t i c   energy   of  the  e l e c t r o n s   which  is  d i r e c t l y   r e l a t a b l e   t o  

the  anode  shea th   v o l t a g e .   The  anode  sheath   v o l t a g e   is  r e l a t e d   t o  

the  lamp  c u r r e n t   and  the  e l e c t r o n   c o l l e c t o r   s u r f a c e   area  by  e q u a t i o n  

( 1 ) .  



where :  

V  =  Anode  sheath  v o l t a g e  

K  =  Boltzman  gas  c o n s t a n t  

Te  =  E l ec t ron   gas  t e m p e r a t u r e  

q  =  E l e c t r o n   c h a r g e  

=  Natural   l o g r i t h m i c   f u n c t i o n  

IL  =  Lamp  c u r r e n t  

J   =  The  random  thermal  e l e c t r o n   c u r r e n t   d e n s i t y  

Ac  =  The  e l e c t r o n   c o l l e c t o r   s u r f a c e   a r e a .  

By  i n c r e a s i n g   the  lamp  c u r r e n t   and  reduc ing   the  s ize   of  t h e  

c o l l e c t o r   s u r f a c e ,   the  value  of  the  shea th   vo l t age   is  i n c r e a s e d .  

The  power  d i s s i p a t e d   in  the  anode  will   be  equal  to  the  p r o d u c t  

of  the  sheath   vo l t age   and  the  lamp  c u r r e n t .  

In  using  the  anode  hea t ing   p roces s   for  mercury  r e l e a s e ,   it  i s  

impor tan t   tha t   the  mercury  t a r g e t   36  be  p o s i t i o n e d   on  the  mount 

s t r u c t u r e   18  or  18a  in  a  manner  which  wi l l   maximize  the  value  o f  

hea t ing   power.  This  will  minimize  the  r e q u i r e d   r e l e a s e   time  which 

is  of  c r i t i c a l   importance  in  high  speed  lamp  making  e q u i p m e n t .  

Optimum  p o s i t i o n i n g   of  the  mercury  t a r g e t   36  can  be  done  by  two 

means.  The  f i r s t   method  invo lves   use  of  a  t h r e e - l e a d - w i r e - m o u n t  

s t r u c t u r e ,   18a.  The  mercury  t a r g e t   36  is  a t t a c h e d   to  the  i s o l a t e d  

t h i r d   l e a d - i n   wire  40  which  is  then  connec ted   to  the  p o s i t i v e   s i d e  

of  the  d .c .   power  supply.   This  a r r angemen t   is  shown  in  FIGS.  3  and 

4.  This  c o n f i g u r a t i o n   assures   t ha t   the  e n t i r e   e l e c t r o n   current   w i l l  

be  c o l l e c t e d   by  the  mercury  t a r g e t .   This  method  will   r e s u l t   in  t h e  

f a s t e s t   mercury  r e l e a s e   time  for  a  s p e c i f i e d   a c t i v a t i o n   c u r r e n t  

since  all  the  c u r r e n t   will  be  drawn  to  mercury  t a r g e t   36,  and  t h e  

c o l l e c t o r   su r f ace   area  Ac  will  be  l i m i t e d   to  tha t   of  the  t a rge t   36 
i t s e l f .   Both  these   f a c t o r s   can  be  seen  to  i n c r e a s e   the  h e a t i n g  

power  in  equa t ion   ( 2 ) .  



Two  v a r i a t i o n s   of  the  t h r e e - l e a d - w i r e   c i r c u i t   are  shown  in  FIGS. 

3  and  4.  In  FIG.  4  the  ca thode   of  the  d i s c h a r g e   (the  e l e c t r o d e   26)  

is  l o c a t e d   at  the  lamp  end  o p p o s i t e   to  the  mercury  t a r g e t   36.  In 

FIG.  3  the  cathode  is  the  e l e c t r o d e   34  which  is  at  the  same  end  o f  

the  lamp  10  as  the  mercury  t a r g e t   36 .  

FIG.  2  shows  the  p o s i t i o n i n g   of  the  mercury  t a r g e t   36  on  a 

s t a n d a r d   t w o - l e a d - i n   mount  s t r u c t u r e   18.  The  t a r g e t   36  is  p o s i t i o n e d  

above  the  plane  of  the  e l e c t r o d e   34  and  c lose   to  the  e l e c t r o d e   clamp 

on  a  l e a d - i n   wire  32.  This  l o c a t i o n   wil l   r e s u l t   in  a  h i g h e r  

p e r c e n t a g e   of  the  lamp  c u r r e n t   being  c o l l e c t e d   by  the  mercury  t a r g e t  

at  the  expense  of  the  e l e c t r o d e   34  and  l e a d - i n   wires  30  and  32.  

This  is  impor tan t   if  the  h e a t i n g   power  in  equa t ion   (2)  is  to  be 

m a x i m i z e d .  

A c t i v a t i o n   of  the  mercury  t a r g e t   36  r e q u i r e s   a  cu r r en t   o f  

between  500  to  1000  mA,  depending   on  the  s i ze   of  the  t a r g e t   36  and 

the  mercury  r e l e a s e   time  d e s i r e d .   In  one  t e s t   of  the  p r o c e d u r e  

c y l i n d r i c a l   s t a i n l e s s   s t e e l   c a p s u l e s   were  u t i l i z e d   having  a  wa l l  

t h i c k n e s s   of  3  mi l s ,   a  l eng th   of  160  mi l s ,   and  a  d iameter   of  22 

m i l s .   The  capsu les   were  f l a t   on  the  bottom  and  f i l l e d   with  20  mg  o f  

l i q u i d   mercury  and  then  h e r m e t i c a l l y   welded  at  the  top  end.  At  an 

a c t i v a t i o n   c u r r e n t   of  1000  mA,  mercury  r e l e a s e   was  accomplished  in  

3.5  s e c o n d s .  

The  t a r g e t   36  a lso   may  c o n s i s t   of  a  metal  capsu le   c o n t a i n i n g  

e i t h e r   l i qu id   mercury,   a  powdered  i n t e r m e t a l l i c   mercury  a l loy,   or  a 

s o l i d   form  of  the  mercury  a l l o y .   A l t e r n a t e l y ,   the  t a r g e t   36  might  

c o n s i s t   of  a  g lass   ampule  c o n t a i n i n g   e i t h e r   the  l i qu id   mercury,  or  a 

powdered  or  so l i d   form  of  a  mercury  a l l o y .   The  g lass   ampule  would 

be  c o n t a i n e d   wi th in   a  c y l i n d r i c a l   metal  ho lde r   l o o s e l y   crimped  a t  

the  ends  or  a  w i r e - t y p e   mesh  ho lde r   f a s h i o n e d   to  hold  the  ampule  in  

p l a c e .   In  yet  ano ther   embodiment ,   the  mercury  t a r g e t   36  might  

comprise   a  piece  of  metal  r ibbon   onto  which  a  mercury  al loy  has  been 

a p p l i e d .  

While  there   have  been  shown  and  d e s c r i b e d   what  are  at  p r e s e n t  

c o n s i d e r e d   to  be  the  p r e f e r r e d   embodiments  of  the  i nven t ion ,   it  w i l l  

be  apparen t   to  those  s k i l l e d   in  the  art   t h a t   va r ious   changes  and 

m o d i f i c a t i o n s   can  be  made  he r e in   wi thout   d e p a r t i n g   from  the  scope  o f  

the  i nven t ion   as  d e f i n e d   by  the  appended  c l a i m s .  



1.  The  method  of  r e l e a s i n g   mercury  into  an  arc  d i s c h a r g e   lamp 

which  compr ises   the  s t eps   of  p o s i t i o n i n g   a  mercury  c o n t a i n i n g   t a r g e t  

wi th in   said  lamp,  and  bombarding  said  t a r g e t   with  a  d i r e c t e d   s t r e a m  

of  e l e c t r o n s   of  s u f f i c i e n t   energy  to  heat  said  t a r g e t   and  r e l e a s e  

said  m e r c u r y .  

2.  The  method  of  Claim  1  wherein  said  lamp  c o n t a i n s   two  spaced  

apar t   e l e c t r o d e s ;   said  mercury  t a r g e t   is  a d j a c e n t   one  of  s a i d  

e l e c t r o d e s ;   and  the  o the r   of  said  e l e c t r o d e s   is  the  source   of  s a i d  

e l e c t r o n s .  

3.  The  method  of  Claim  1  wherein  said  lamp  c o n t a i n s   two  spaced  

apar t   e l e c t r o d e s ;   and  said  mercury  t a r g e t   is  a d j a c e n t   one  of  s a i d  

e l e c t r o d e s ;   said  a d j a c e n t   e l e c t r o d e   being  the  source   of  s a i d  

e l e c t r o n s .  

4.  A  f l u o r e s c e n t   lamp  compr i s ing :   a  t u b u l a r   g l a s s   e n v e l o p e  

having  two  ends;  a  mount  sea led   into  each  of  sa id   ends,   each  of  s a i d  

mounts  compr i s ing   a  g lass   stem  having  a  pa i r   of  l e a d - i n   c o n d u c t o r s  

sea led   t h e r e i n ,   and  an  e l e c t r o d e   suppor ted   between  each  of  s a i d  

pa i r s   of  said  l e a d - i n  c o n d u c t o r s ;   one  of  said  mounts  having  a  t h i r d  

l e a d - i n   conduc to r   which  has  a  mercury  r e l e a s i n g   t a r g e t   a t t a c h e d  

t h e r e t o .  

5.  A  f l u o r e s c e n t   lamp  compr i s ing :   a  t u b u l a r   g l a s s   e n v e l o p e  

having  two  ends;  a  mount  sea led   into  each  of  said  ends ,   each  of  s a i d  

mounts  compr i s ing   a  g lass   stem  having  a  pa i r   of  l e a d - i n   c o n d u c t o r s  

sea led   t h e r e i n ,   and  an  e l e c t r o d e   suppor ted   between  each  of  s a i d  

pa i r s   of  said  l e a d - i n   c o n d u c t o r s ;   one  of  said  e l e c t r o d e s   having  a 

mercury  r e l e a s i n g   t a r g e t   a s s o c i a t e d   t h e r e w i t h ,   said  t a r g e t   be ing  

e l e c t r i c a l l y   connec ted   to  one  of  the  l e a d - i n   c o n d u c t o r s   of  said  one 
of  said  e l e c t r o d e s   and  being  p o s i t i o n e d   beyond  the  plane  of  said  one 

of  said  e l e c t r o d e s ,   toward  the  cen te r   of  said  l amp.  
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