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A com m only  available  niercury  contact  relay is modiñed to malee a uv lamp which vields a spark  with approxi- 
m ate ly  100 times the in len s iu  of tho original relay iind ’.vitii constan! characterisíic  ri.-etime of 0.4 ,i-ec, decay time 
of 0.55 n?cc, a n d  hidf-widlh of 0.5 nsec. i lic lamp can be tised not only for lluorescence decay-time studies, bi:t n!>o 
for electrical  applications in the subnanosecond región. I t  has been operated in the rnnge ,5 to 50 000 pulses per  
second.

1. I N T R O D U C T I O N

EX P E R I M E N T A L  s tud ies  of lluorescence d ecay  t im es  
of th e  o rd e r  of 1 nsec require use of ex trem ely  shor t  

u v  pu lses  for exc i ta t ion  of the  sys tem . H ereto íore ,  lam p s  
p ro v id in g  su fñcien tlv  shovt pulses for this  purpose  were 
n e i the r  suíTiciently reproducib le  ñor sutTiciently in tense for 
th e  in t e n d e d  applica tion .

A lth o u g h  it is well kn ow n th a t  n iercury  co n tac t  relays 
do  ex h ib i t  a  sniall u v  sp a rk  of app ro x im a te ly  the required 
pulse  c h a ra c t e r  an d  are, a t  the  sam e time, a d eq u a te ly  long- 
lived ,4 th e i r  app lica tion  as p u l 'e d  light sources is limited by 
tw o sho r tco n i in g s :  (1) because th ey  op é ra te  a t  low voltage 
( ~ 1 0 0 0  V m a s ) ,  th e i r  light o u tp u t s  a re  unsa t is fac tor i ly  
low ; (2) a f t e r  the  m a in  pulse th ey  exh ib i t  secondary  pu lses1 
which a re  p a r t ic u la r ly  d is tu rb in g  at h igh  repet i t ion  rates. 
C o n s id e r a r o n  of th e  p o ten t ia l i t ie s  of th e  m ercu rv  relay 
device in d ica te s  t h a t  it  is the  sw itch-üke opera t ion  of the 
v ib r a t in g  reed w hich is respon?ible for such deticiencies and  
w hich  l im i ts  i t s  u ti l iza tion  as a  light source. T h e  v ib ra t ing  
e lec trode  is associa ted  with an  il l-deñned and  va ry in g  elec- 
trode  g e o m e t ry  which, in tu rn ,  is reflected in held and  
ca p a c i ta n c e  v a r ia t io ns  t h a t  lead to  observab le  secondary  
d ischargqj.  I f  an  a t t e m p t  is m ad e  to  im prove  light o u tp u t  
b y  a p p l ic a t io n  of h igher  voltage, the  after-pulse  effect is 
even  m o re  increased.

T h e  p reced ing  exp lan a t io n  of the l ím í ta t io ns  on usage 
of the  r e la y  as  a  pulsed  l igh t source is su p p o r te d  by  experi- 
m e n ts  (n o t  herein  described) in w hich m crcury  co n tac t  
re lays w ere o p e ra te d  w ith  fixed e lec trode  separa tion  u p  to  
0.7  m m  in  leng th .  D ep en d ing  on th e  g ap  w id th  establishable
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in com m erc ia lly  availab le  re lays ,5 firing vo ltages u p  to 10 
k \ ’ were o b ta in ed  w i th o a t  s econ dary  pulses. I n  these relays 
o n ly  one elec trode a c tu a l 'y  d ips  in to  the  n iercury , b u t  
repea ted  physical c o n ta c t  Ix tw e e n  th e  ekctror.les wets bo th  
of them . H ow ever,  we have  found  th a t  w hen  th e  re lay  
is used as a  lam p  w ith  e lec trodes in ftxerl position, 
b o th  the  e lec trodes rem ain  coa ted  w ith  m crcu rv  during  
o pe ra t ion  desp i te  the  fac t  t h a t  on ly  one is a c tu a l ly  im- 
mersed. Specula t ion  as to the  precise m ech an ism  of this 
p h eno m eno n  is unnecessary  here. T h e  to ta l i ty  of th e  resulta. 
suggested the  design of a la tnp  em body ing  the  m er i ts  of a  
n ie rcu ry  relay b u t  devo id  of its shortconiings.

2. T H E  L A M P

Figure  1 shows a design of a la m p  which has  been found 
to  possess the  required  o p e ra t ing  charac te r is t ics .  Unlike 
th e  com m erica lly  availab le  re lay  (’con ta in ing  severa! con­
tacta an d  three elec trodes one of which v ib ra te s  to m ake 
electrical c o n ta c t ) th is  lam p  has only  tw o elec trodes, which, 

' a s  in the  relay, are m ad e  of a nickel-iron alloy. T h e  spring, 
or lower, elec trode is held in a c o n s ta n t  position re la tive  to 
the  ii.ved elec trode b y  m eans  of a p e rm a n e n t  magr.et.*' In  a 
ty p ira l  lam p the  gap  leng th  is th us  fixed a t  ^  0.7 m m . The 
reduc tion  in m im b e r  a n d  si/.e of electrical d e m e n t s  of the 
la m p  co n tr ib u te s  to  a reduc t ion  of s t r a y  capac i tance ,  which 
m u s t  be held to a m ín im u m . T h e  lam p, which con ta in s  a

Fio. 1. Flash lamp, 
F , tr íed electrode;  R, 
reed electrode,  held in 
fixed posit ion by pernia-  
n e n t  m agne t ;  .1/, per- 
m an en t  magnet.

s T h e  Adams and  W estlake  Cotnpany  (E lkhar t ,  Ind iana)  m ercury 
w e t  con tac t  relays.

* L'nlike the a r ra ngem en t  for the relay, no  driving coil is employed.



l i o .  2. T h e  lamp 
circuit . C. s l ray  ca ­
p a c i t a r l e ;  C S, coaxial 
íhk ' ld ing ,  / ,  compen-  
s u i n g  induc tance ;  L. 
l a i r p ;  R  and r. charping 
refiftor? ; r.,,,r i. anplied 
voltagí.’.

droplet of m e rcu ry  in the  b o t to m  p a r t ,  is ñlled w ith  hyd ro -  
gen ; a  su i tab le  p ressure c u rren t ly  c-mployed is 1S a tm .  
E xcep t  as o therw ise  ind ica ted  lu-re and  in Sec. 4, the  compo- 
nen ts  correspond  in m ate r ia l  an d  p re p a ra d o »  to  those in 
the  com m ercia l  m ercu ry  relay. An im p o rta n !  f e a tu r e o í  th is  
lam p , w o r th y  of special no te ,  is th a t  th e  small spa rk  l ight 
source m a k e s  for optical convenience.

3. T H E  C IR C U IT

Figure 2 in c lu d e s a  r a th e r  conven tiona l c ircu it ry  for the  
f ree-running  m n d e  of ope ra t io n .  A t the  c o n s ta n t  capaci-  
tance of the  sys tem , rep e t i t io n  ra te  is d e te rm in ed  by the  
valúes of R  a n d  J W,P]. T h e  la m p  has been o p e ra ted  a t  3 to  
50 00 0  pu lses  pe r  second. T o  o b ta in  a desirab le  pulse shape, 
s t r a y  c a p ac i tan ce  of the  la m p  and  associated  electrical 
com ponen ts  m u s t  be redticed lo a m ín im u m  valué. For 
example, to  reduce  troub lesom e cap ac i tan ce  of the  high 
voltage  leads , i t  is necessary to  mount. the  small sÍ7.e 44-M íí 
resistor as  cióse to  the  la m p  as possible. As nea r ly  as can  
be achieved, all c on du c to r  e lenients  including th e  lam p , 
except for a small ape r tu re  for emergence of the  light, are 
coaxially a r ran g ed .  The small ad ju^ tab le  in d u c ta n c e  in the 
o u tp u t  lead cióse to  the  lam p  suppresses  d is to r t ions  a t  the  
tra il ing  edge of the  pulse.

T h e  electrical pulses from  th e  lam p  were observed  w ith  
a n  E dg er to n  model 707 trave ling -w ave  oscilloscope frise-
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t im e  0.2 nsec) or a H e w le t t -P a c k a rd  sam pling  oscilloscope 
ty p e  185A (risetime 0 .3 -nsec). O b se rva t io n  of th e  l igh t 
pulse was b y  a m od if ica tum  of th e  D re e s k a m p -B u r to n  
optical sam pling te c h n iq u e .7- 9 T h e  t im e  reso lu tion  of th is  
sam pling  eq u ipm ent  has now been  es tab lished  to  be  less 
th a n  0.1 nsec.

4. RESULTS

Figure 3 shows th e  shape  of e lectrical and  l igh t  pu lses  
t_\-pical of the  la m p  and  c ircu i t ry  described. B y  use of the  
s t r a y  capac i tance  of the  assem bly  a lo n e ,p u lse s  w i th  charac-  
tc r ist ic  risetime of 0.4 nsec, decay  t im e  of 0.55 nsec, an d  
ha lf -w íd th  of 0.5 nsec w tre  o b ta in e d .10 C a lcu la t ion s  from  
th e  c ircu itry  an d  from repea tod ly  p lo t te d  c u n 'e s  in d íc a te  
th a t ,  for a fixed se t t ing ,  th e  obse rv ab le  m á x im u m  of th e  
curve is reproducible  w ith in  1 -2 % . Y ery  im p o r ta n t ly ,  these 
charac teris t ics  are  essentia lly  unatTected o ve r  a vo ltage

1'iG. 4. (al Spectrum of ih e  llasli lamp with  uv  gla‘ s, (b) t r an sm i t tan ce  
curve oí 9741 P e res  glass used in the  lamp.

range of 1 to 10 kY  firing te n s ió n ;  i.e., th ey  a re  p rac t ica l lv  
independen t  of the  clectrode s[)acing over  th is  v o ltage  
range.

According to K erns ,  K irs ten , a n d  C ox1 the  l ight o u tp u t  
in m ercury-re lay  ty p e  lam ps is rough ly  p ro p o r t io n a l  to  the 
square  of the  ñring vo ltage  for tens ions exceeding 2000 V’. 
On th is  basis the  light in ten s i ty  for th e  lam p s  described  
m a y  be c-stimated to  be ap p ro x im a te ly  100 t im es  t h a t  of 
th e  m ercury -re lay  l a m p ;  i.e., ^ Ó X I O 1 p h o to n s  p e r  pulse  
in a solid angle of 0 . 0 0 5  sr, and  a b o u t  3 0 S c  h igher  fo r  a u v  
tran sm i t t in g  glass.’: A tvpica l emission spectrtim  of a  lam p

■ H. 1 >reesk;tiii¡) and M. Tiwríun. Píiys. Ri-v. L e t te rs  2. 45 (1959).
* I I .  I > n - t V- . a ’n p ,  . K .  C»ho>h.  a n d  M .  H u r t e n .  R e v .  S c i .  T n s t r .  3 2 .  

30* ■ 1%1 ■.
: J. T. I \  K. Luo\\ÍLr. and M. Hurtan (ur.puhlished).
11 Risc‘iime corrc«p<md« to n chance írom 10 lo 9(V;C íull  in tensi ty  

and  decay time to a ( k ^ r ta re  ovrr  vht w m c  Jarige.
n ^ome apprvriaiion -f this ir.tcn^it\* is given b y  iho fact th a t  a 

lamp o],vrulin¿ at p*i)v.* p-. r ‘Oi/ind. at ha'.'-widt.h 0.5 nscc. can he 
sern in u \w)j-]ighu*d >vi«h tht unaided cve.



m a d e  f rom  C orn ing  U Y  9741 P y rex  gla5S is show n in Fig. 4. 
T h e  t r a n s m i t t a n c e  c u rv e  o í  the glass is included in th e  
figure.

T h e  la m p  de?cribed n o t  on ty  rep resen ts  an  im proved  loo! 
fo r  th e  s tu d y  of iluoresct-nce d ecay  times, it also prov ides 
a n  excellent m eans  for gene ra t ing  h igh  vo ltage  elec trical 
pu lses  in  th e  subn ano secon d  región. W i th  the  p resen t  
m a n n e r  of opera t ion ,  electrical pulses of 0.5 nsec halt- 
w id th  a t  a b o u t  1200 V h av e  been o b la in e d  acro¿s a 50-9. 
res is tor (sce Fig. 3).

B ased  on  th e  ob se rva t io n  t h a t  th e  t im e  cha rac te r is t ics

of th e  pulse  a re  n o t  s igniflcantlv  affected b v  the  ñxing 
vo ltage  in íh e  rango from  1000 to  10 000 V, a n  objective 
of c u r r e n t  w ork is to  o b ta in  ad d it io n a l  increase of the light 
o u tp u t  (¡.e., of th e  pulse h e ig h t )  b y  increase of the  ñring 
tensión.
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