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An  accelerator-type  neutron  source  and  a  method  of  controlling  the  same. 
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tion  to  produce  a  burst  of  neutrons.  A  negative  voltage  pulse 
is  applied  to  the  ionization  section  upon  the  termination  of  the 
positive  voltage  pulse  to  effect  a  sharp  cut-off  to  the  burst  of 
neutrons. 
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  An  accelerator-type  neutron  source  employs  a  target,  an 
ionization  section  and  a  replenisher  for  supplying  accelerator 
gas.  A  positive  voltage  pulse  is  applied  to  the  ionization  sec- 
tion  to  produce  a  burst  of  neutrons.  A  negative  voltage  pulse 
is  applied  to  the  ionization  section  upon  the  termination  of the 
positive  voltage  pulse  to  effect  a  sharp  cut-off  to  the  burst  of 
neutrons. 



This  i n v e n t i o n   r e l a t e s   to  an  a c c e l e r a t o r - t y p e   n e u t r o n  

source  and  a  method  of  c o n t r o l l i n g   the  same. 

A c c e l e r a t o r - t y p e   neutron  tube  sources   are  employed  in  many 

a p p l i c a t i o n s ,   such  as  in  the  r a d i o a c t i v i t y   logging  of  w e l l s  

p e n e t r a t i n g   s u b t e r r a n e a n   format ions .   For  example,  in  the  art  o f  

n e u t r o n - n e u t r o n   well  logging  a  source  of  primary  neutrons   i s  

employed  to  i r r a d i a t e   sub t e r r anean   fo rmat ions   of  i n t e r e s t   and  t h e  

r e s u l t i n g   secondary  r a d i a t i o n   is  measured  by  one  or  more  d e t e c t o r s  

spaced  a x i a l l y   from  the  source  within  the  boreho le .   Such  s e c o n d a r y  

i r r a d i a t i o n   may  take  the  form  of  thermal  neu t rons ,   e p i t h e r m a l  

neut rons ,   or  thermal   neutron  capture   gamma  rays.   A  logging  tool   f o r  

use  in  p o r o s i t y   measurements  and  inc lud ing   a  neutron  source  and 

ep i the rma l   and  thermal   neutron  d e t e c t o r s   is  d i s c l o s e d   in,  f o r  

example,  U.S.  Pa ten t   No.  4 , 0 0 5 , 2 9 0 .  

In  p rocedures   such  as  po ros i ty   logging,   the  neutron  s o u r c e  

is  a  con t inuous   source  usua l ly   of  a  chemical  type.   Other  well  known 

r a d i o a c t i v e   well  logging  t echniques   involve  the  use  of  p u l s e d  

neutron  sources .   For  example,  in  the  art   of  r a d i o a c t i v e   assay  w e l l  

logging  an  assay  tool   is  lowered  into  the  well  to  the  l eve l   of  a 

format ion  to  be  assayed.   The assay  o p e r a t i o n   is  then  c a r r i e d   out  by 

c y c l i c a l l y   o p e r a t i n g   a  neutron  source  in  the  tool   in  order  t o  

i r r a d i a t e   the  fo rmat ion   under  i n v e s t i g a t i o n   with  r e p e t i t i v e   b u r s t s  

of  fast   neu t rons .   In  one  assay  procedure,   d i s c l o s e d   in  U.S.  

3 ,686 ,503 ,   delayed  f i s s i o n   neutrons   emit ted  by  uranium  within  t h e  

format ion  may  be  de t ec t ed   by  a  neutron  d e t e c t o r .   Another  p r o c e d u r e ,  

d i s c lo sed   in  U.S.  Pat.  4 ,180,730,   involves   d e t e c t i o n   of  prompt 

f i s s i o n   neut rons   emit ted  from  uranium  in  the  format ion.   P u l s e d  

neutron  logging  t echn iques   may  also  be  employed  in  procedures   i n  

which  r a d i o a c t i v e   decay  r a t e s   are  de termined.   In  th i s   case,  t h e  



format ion   under  i n v e s t i g a t i o n   is  i r r a d i a t e d   with  a  burs t   of  f a s t  

neu t rons   and  the  r e s u l t i n g   neutron  p o p u l a t i o n   is  de t ec t ed   d u r i n g  

s u c c e s s i v e   or  ove r l app ing   time  windows.  For  example,  U.S.  3 , 8 0 0 , 1 5 0  

d i s c l o s e s   a  pulsed  neu t ron   logging  t echn ique   in  which  e p i t h e r m a l  

neut ron  decay  or  thermal   neutron  decay  is  measured  by  employing  t i m e  

windows  for  d e t e c t i o n   which  p a r t i a l l y   over lap   one  a n o t h e r .  

Neutron  sources   for  use  in  the  r a d i o a c t i v e   l o g g i n g  

p rocedures   as  d e s c r i b e d   above  may  take  the  form  of  a c c e l e r a t o r - t y p e  

neutron  tubes  compris ing   a  t a r g e t   s ec t i on ,   a  r e p l e n i s h e r   s e c t i o n ,  

and  an  i o n i z a t i o n   s e c t i o n   loca ted   between  the  t a r g e t   and  t h e  

r e p l e n i s h e r   s ec t i on .   The  r e p l e n i s h e r   s e c t i o n   p rov ides   a  source  o f  

a c c e l e r a t o r   gas  to  the  i o n i z a t i o n   s e c t i o n   where  i t   is  ionized  and 

then  a c c e l e r a t e d   to  impact  the  t a r g e t .   The  t a r g e t   is  formulated  o f  

m a t e r i a l   which  responds  to  the  bombarding  ions  to  produce  n e u t r o n s .  

In  a  number  of  well  known  a c c e l e r a t o r - t y p e   tube  sources ,   heavy 

i s o t o p e s   of  hydrogen  are  employed  as  the  a c c e l e r a t o r   gas  and  in  t h e  

t a r g e t .   For  example,  the  a c c e l e r a t o r   gas  may  take  the  form  o f  

deuter ium  or  mixtures   of  deuter ium  and  t r i t i u m   and  the  t a r g e t   may 
inc lude   t r i t i u m   molecules ,   deuter ium  molecules   or  mixtures   o f  

deuter ium  and  t r i t i u m   molecu les .   The  s o - c a l l e d   d e u t e r i u m - t r i t i u m  

nuc l ea r   r e ac t i on   is  one  commonly  employed  in  an  a c c e l e r a t o r - t y p e  

neu t ron   tube  to  produce  neu t rons .   In  the  r e p l e n i s h e r   s ec t ion   a 

f i l amen t   or  r e s e v o i r   u sua l l y   made  of  z i rconium  or  t i t an ium  i s  

e l e c t r i c a l l y   heated  under  c o n t r o l l e d   c o n d i t i o n s   to  r e l e a s e   d e u t e r i u m  

gas  p rev ious ly   adsorbed  in  the  f i l ament   or  r e s e r v o i r .   Zirconium  and 

t i t a n i u m   have  the  p rope r ty   of  adsorbing  la rge   q u a n t i t i e s   o f  

d i f f e r e n t  g a s e s   such  as  hydrogen,  deuter ium,  t r i t i u m ,   and  o t h e r  

gases .   These  m a t e r i a l s   have  the  f u r t h e r   p roper ty   of  r e l e a s i n g   t h e  

hydrogen  i so tope   gases  in  a  c o n t r o l l e d   manner  when  heated  to  abou t  

300°C.  and  at  the  same  time  r e t a i n i n g   o ther   gases  tha t   may  have  been 

adsorbed.   The  deuter ium  molecules   are  ion ized   in  the  i o n i z i n g  

s e c t i o n   by  the  a p p l i c a t i o n   of  a  p o s i t i v e   vo l t age   to  an  anode  in  t h e  

i o n i z i n g   sec t ion .   The  deuter ium  ions  are  then  a c c e l e r a t e d   and 

impact  the  t r i t i u m   t a r g e t   to  produce  a  supply  of  n e u t r o n s .  



While  var ious   t e c h n i q u e s   may  be  employed  in  i o n i z i n g   t h e  

a c c e l e r a t o r   gas,  one  i o n i z a t i o n   t echn ique   which  is  s u i t a b l e  

p a r t i c u l a r l y   where  the  neutron  source  is  opera ted   at  a  low 

a c c e l e r a t o r   gas  p ressure   and  in  a  pulsed  mode  is  the  s o - c a l l e d  

Penning  method.  A  Penning  ion  source  comprises  spaced  ca thodes   and 

an  anode  l oca t ed   i n t e r m e d i a t e   the  ca thodes .   In  a  c o l d - c a t h o d e   t y p e  

Penning  ion  source ,   e l e c t r o n s   are  emit ted  from  a  cathode  sur face   by 

f i e l d   emiss ions   when  a  p o s i t i v e   vol tage   pulse  is  app l ied   to  t h e  

anode.  A  magnet  a s s o c i a t e d   with  the  source  f u n c t i o n s   to  s p i r a l   t h e  

e l e c t r o n s   thus  i nc rea s ing   t h e i r   f l i g h t   path  and  i n c r e a s i n g   t h e  

s t a t i s t i c a l   p r o b a b i l i t y   tha t   they  wil l   c o l l i d e   with  molecules   o f  

a c c e l e r a t o r   gas  suppl ied   to  the  i o n i z a t i o n   chamber.  In  a  w e l l  

des igned  Penning  ion  source,   some  of  the  e l e c t r o n s   o r i g i n a t i n g   a t  

one  cathode  su r face   will   impact  the  other   cathode  su r f ace   and 

secondary  e l e c t r o n s   are  emi t ted   which  also  func t ion   to  i n c r e a s e   t h e  

i o n i z a t i o n   r e a c t i o n s .   Such  ion  sources   are  well  known  in  the  a r t  

and  are  d e s c r i b e d   in  F l i n t a ,   J.  "Pulsed  H i g h - I n t e n s i t y   Ion  S o u r c e " ,  

Part  I;  Pau l i ,   R.  and  F l i n t a ,   J.  "Pulsed  H i g h - I n t e n s i t y   Ion  S o u r c e " ,  

Part   I I ,   Nuclear  Ins t ruments   2,  pp  219-236  (1958).  In  a  h o t - c a t h o d e  

type  Penning  ion  source,  one  cathode  is  a  heated  f i l ament   and 

i n i t i a l   e l e c t r o n s   are  suppl ied   by  thermionic   emission  from  t h e  

f i l amen t .   In  a l l   other  r e s p e c t s ,   co ld - ca thode   and  h o t - c a t h o d e  

Penning  ion  sources   are  e s s e n t i a l l y   the  same.  Hot-ca thode  i o n  

sources   are  also  well  known  in  the  art   and  one  such  source  i s  

de sc r i bed   in  Wood,  J.  and  Crocker,   A.  "An  E l e c t r o s t a t i c a l l y   Focused 

Ion  Source  And  I ts   Use  In  A  Sea led -Of f   D.C.  Neutron  Source",   N u c l e a r  

I n s t rumen t s   And  Methods  21,  pp  47-48  (1963) .  

In  accordance  with  one  aspect   of  the  p resen t   i n v e n t i o n ,  

there   is  provided  a  method  for  c o n t r o l l i n g   the  o p e r a t i o n   of  an 

a c c e l e r a t o r - t y p e   neutron  source  having  a  t a r g e t ,   an  i o n i z a t i o n  

s e c t i o n ,   and  a  r e p l e n i s h e r   for  supplying  a c c e l e r a t o r   gas  which  i s  

ionized   upon  a p p l i c a t i o n   of  a  p o s i t i v e   vol tage  to  the  i o n i z a t i o n  



s e c t i o n   and  a c c e l e r a t e d   toward  the  t a r g e t   for  the  p roduc t ion   o f  

neu t rons ,   compr i s ing   the  s teps   o f :  

a)  producing  a  p o s i t i v e   vo l tage   pulse  during  a 

des i r ed   time  pe r iod   for  each  burs t   of  neu t rons   from  said  n e u t r o n  

s o u r c e ,  
b)  apply ing   said  p o s i t i v e   vo l tage   pulse  to  s a i d  

i o n i z a t i o n   s e c t i o n   to  produce  a  burs t   of  neu t rons   during  s a i d  

des i r ed   time  p e r i o d ,  

c)  producing  a  nega t ive   vo l tage   pulse  upon  t h e  

t e r m i n a t i o n   of  said  p o s i t i v e   vol tage   pulse ,   and 

d)  apply ing   said  nega t ive   vo l tage   pulse  to  s a i d  

i o n i z a t i o n   s e c t i o n   to  e f f e c t   a  sharp  c u t - o f f   to  said  burs t   o f  

n e u t r o n s .  

In  a  f u r t h e r   a spec t ,   the  i n v e n t i o n   r e s i d e s   in  a  p u l s e d  

neutron  source  c o m p r i s i n g  

a)  an  a c c e l e r a t o r   tube  having  a  t a r g e t ,   an  i o n i z a t i o n  

s e c t i o n ,   and  a  r e p l e n i s h e r   for  supplying  a c c e l e r a t o r   gas  which  i s  

ionized  and  a c c e l e r a t e d   toward  the  t a r g e t   for  the  p roduc t ion   o f  

pulses   of  n e u t r o n s ,  

b)  means  for  producing  clock  pulses   at  the  d e s i r e d  

r e p e t i t i o n   r a t e   for  said  pulses   of  n e u t r o n s ,  

c)  means  for  producing  a  f i r s t   ga t ing   s igna l   having  a  

time  per iod   equal   to  the  de s i r ed   time  per iod  for  each  pulse  o f  

n e u t r o n s ,  

d)  means  for  producing  a  second  ga t ing   s igna l   i n  

response  to  the  t e r m i n a t i o n   of  said  f i r s t   ga t ing   s i g n a l ,  

e)  pulse   forming  means  for  producing  a  p o s i t i v e  

vol tage   pulse   in  r esponse   to  said  f i r s t   ga t ing   pulse  and  a  n e g a t i v e  

vo l tage   pulse  in  response   to  said  second  gat ing  s i gna l ,   and 

g)  means  for  applying  said  p o s i t i v e   and  n e g a t i v e  

vol tage   pu l ses   to  said  i o n i z a t i o n   s ec t i on ,   whereby  said  p o s i t i v e  

vol tage   pulse   p rov ides   for  the  i o n i z a t i o n   of  said  a c c e l e r a t o r   g a s  

and  the  r e s u l t i n g   p r o d u c t i o n   of  neut rons   during  the  time  per iod  o f  

said  p o s i t i v e   v o l t a g e   pulse   and  said  nega t ive   vo l tage   pulse  p r o v i d e s  

for  a  sharp  c u t - o f f   to  said  i o n i z a t i o n   and  the  r e s u l t i n g   p r o d u c t i o n  

of  n e u t r o n s .  



In  the  accompanying  drawings,   FIG.  1  is  a  s c h e m a t i c  

i l l u s t r a t i o n   of  a  r a d i o a c t i v e   well  logging  system  employing  an 

a c c e l e r a t o r - t y p e   neutron  t u b e ,  

FIGS.  2  and  4  are  e l e c t r i c a l   s chemat ic s   of  a  c i r c u i t   f o r  

c o n t r o l l i n g   the  a c c e l e r a t o r - t y p e   neutron  tube  of  FIG.  1  i n  

accordance  with  one  example  of  the  i n v e n t i o n ,   and 

FIGS.  3A-3D  r e p r e s e n t   waveforms  of  s i g n a l s   at  v a r i o u s  

po in t s   wi thin   the  c i r c u i t   of  FIGS.  2  and  4 .  

Re fe r r i ng   to  FIG.  1,  the  system  comprises   a  logging  tool   3 

which  is  suspended  from  a  cable  4  within  a  well  5  t r a v e r s i n g   a  

s u b t e r r a n e a n   format ion  of  i n t e r e s t   i n d i c a t e d   by  r e f e rence   numera l  

6.  The  well  bore  may  be  l ined   or  unl ined  with  a  casing  but  w i l l  

normally  be  f i l l e d   with  a  f l u id   such  as  d r i l l i n g   mud,  oil   or  w a t e r .  

S igna l s   from  the  logging  too l   are  t r a n s m i t t e d   uphole  via  s u i t a b l e  

conduc tors   in  the  cable  4  to  an  uphole  a n a l y s i s   and  con t ro l   c i r c u i t  

8.  C i r c u i t   8  ope ra t e s   on  the  downhole  measurements  and  app l i es   one 

or  more  output   f u n c t i o n s   to  a  r ecorde r   9.  In  a d d i t i o n ,   c i r c u i t   8 

t r a n s m i t s   c e r t a i n   con t ro l   f unc t ions   to  the  logging  tool  v i a  

conduc tors   in  cable   4.  As  the  logging  tool   is  moved  through  t h e  

hole,  a  depth  r ecord ing   means,  such  as  measuring  sheave  10,  p r o d u c e s  

a  depth  s i g n a l   which  is  appl ied   to  r eco rde r   9,  thus  c o r r e l a t i n g   t h e  

downhole  measurements  with  the  depths  at  which  they  are  t a k e n .  

The  logging  tool   3  comprises  a  pulsed  neutron  source  12,  a  

downhole  power  supply  14  for  the  source,   and  a  r a d i a t i o n   d e t e c t o r  

15,  which  responds  to  primary  or  secondary  r a d i a t i o n   in  t h e  

format ion  in  response  to  the  output  of  the  pulsed  neutron  s o u r c e .  

For  example,  the  d e t e c t o r   15  may  be  a  gamma  ray  d e t e c t o r ,   a  t h e r m a l  

neutron  d e t e c t o r   or  an  ep i the rma l   neutron  d e t e c t o r .   While  only  one 

d e t e c t o r   is  shown,  i t   wi l l   be  recognized  tha t   such  logging  too l s   may 

comprise  a  p l u r a l i t y   of  d e t e c t o r s   r espons ive   to  s i m i l a r   o r  

d i s s i m i l a r   r a d i a t i o n .  

The  pulsed  neutron  source  is  an  a c c e l e r a t o r - t y p e   n e u t r o n  

tube  compris ing  a  r e p l e n i s h e r   s ec t ion   16,  an  i o n i z a t i o n   sec t ion   18, 

and  a  t a r g e t   s ec t ion   19.  Rep len i she r   s e c t i o n   16  may  compr ise  

r e p l e n i s h e r   element  16a  which  r e l e a s e s   deuter ium  gas  in  response  t o  



an  app l i ed   DC  or  AC  vo l tage   from  power  supply  14.  Target   s ec t i on   19 

compr ises   a  t r i t i u m   t a r g e t   19a.  The  t a r g e t   s e c t i o n   wil l   a l s o  

t y p i c a l l y   inc lude   an  e x t r a c t i o n - f o c u s i n g   e l e c t r o d e   assembly  and  a  

nega t i ve   high  vo l tage   supply  (not  shown)  which  f u n c t i o n s   to  d i r e c t  

ions  from  the  i o n i z a t i o n   s e c t i o n   18  towards  the  t a r g e t   19a  w h i l e  

s u p p r e s s i n g   the  counter   c u r r e n t   flow  of  secondary  e l e c t r o n s   p roduced  

by  ion  impact  on  the  t a r g e t .   The  i o n i z a t i o n   s e c t i o n   18  i n c l u d e s  

anode  means  18a  and  cathode  means  18b  and  18c.  

The  neutron  source  12  may  be  opera ted  in  a  con t inuous   or  i n  

a  pulsed  mode.  In  e i t h e r   mode  of  ope ra t ion ,   deuter ium  gas  r e l e a s e d  

upon  the  a p p l i c a t i o n   of  power  to  the  r e p l e n i s h e r   element  16  e n t e r s  

the  i o n i z a t i o n   s ec t i on   18  where  the  gas  molecules  are  ionized  by  a  

p o s i t i v e   (with  r e spec t   to  c a thodes   18b  and  18c)  i o n i z a t i o n   v o l t a g e  

app l i ed   ac ross   anode  18  and  ca thodes   18b  and  18c.  The  d e u t e r i u m  

ions  formed  in  the  i o n i z a t i o n   s e c t i o n   are  then  a c c e l e r a t e d   toward  

the  t a r g e t   19a  by  a  nega t i ve   vo l t age   appl ied  to  the  t a r g e t   s e c t i o n .  

For  example,  a  p o s i t i v e   vo l t age   or  vol tage   pulse  with  an  a m p l i t u d e  

from  a  few  hundred  vo l t s   to  a  few  k i l o v o l t s   may  be  app l i ed   to  anode 

member  18a  and  a  -   100  k i l o v o l t   vo l tage   appl ied   to  t a r g e t   s ec t i on   19. 

Re fe r r i ng   now  to  FIGS.  2  to  4  there   is  shown  a  c i r c u i t   f o r  

t r i g g e r i n g   the  i o n i z a t i o n   s e c t i o n   of  the  a c c e l e r a t o r - t y p e   n e u t r o n  

tube  to  produce  neutron  b u r s t s   of  short   du ra t ion   and  sharp  c u t - o f f .  

More  p a r t i c u l a r l y ,   the  c i r c u i t   i n c ludes   a  time  base  g e n e r a t o r   50 

which  produces   clock  pu l s e s   at  a  des i r ed   r e p e t i t i o n   ra te   as  shown  i n  

FIG.  3A.  This  r e p e t i t i o n   r a t e   is  the  des i red   f i r i n g   ra te   for  t h e  

pulsed  neut ron   source .   Each  such  clock  pulse  f i r e s   the  t r i g g e r  

g e n e r a t o r   51,  p r e f e r a b l y   a  one - sho t   m u l t i v i b r a t o r   to  provide  a 

t r i g g e r   pulse  as  shown  in  FIG.  3B.  A  p o s i t i v e   pulse  d i scharge   u n i t  

52  is  a c t i v a t e d   during  the  time  per iod   of  t r i g g e r   g e n e r a t o r   51  t o  

d i s c h a r g e   a  f i r s t   po r t i on   53a  of  the  pulse  forming  network  53.  T h i s  

produces  d i s cha rge   c u r r e n t   54a  in  the  d i r e c t i o n   shown  in  the  t o p  

half   54c  of  the  c e n t e r - t a p p e d   t r a n s f o r m e r   54  as  shown  in  FIG.  2.  As 

a  r e s u l t   of  t h i s   d i s c h a r g e ,   a  p o s i t i v e   going  pulse  is  produced  i n  

the  secondary  54e  of  the  t r a n s f o r m e r   54  as  shown  in  the  p o s i t i v e  

p o s i t i o n   of  the  waveform  of  FIG.  3D. 



Upon  t e r m i n a t i o n   of  the  t r i g g e r   pulse  of  FIG.  3B  from 

t r i g g e r   g e n e r a t o r   51,  a  delay  t r i g g e r   g e n e r a t o r   55  is  f i r e d .  

Tr igger   g e n e r a t o r   55  a lso  p r e f e r a b l y   inc ludes   a  o n e - s h o t  

m u l t i v i b r a t o r   for  p rov id ing   a  delay  t r i g g e r   pulse  as  shown  in  FIG. 

3C.  A  nega t ive   pulse  d i s cha rge   unit   56  is  a c t i v a t e d   during  the  t ime  

pe r iod   of  delay  t r i g g e r   g e n e r a t o r   55  to  d i s cha rge   a  second  p o r t i o n  

53b  of  the  pulse  forming  network  53.  This  produces  d i s c h a r g e  

c u r r e n t   54b  in  the  d i r e c t i o n   shown  in  the  bottom  ha l f   54d  of  t h e  

c e n t e r - t a p p e d   t r a n s f o r m e r   54  as  shown  in  FIG.  2.  As  a  r e s u l t   o f  

t h i s   d i s cha rge ,   a  nega t i ve   going  pulse  is  produced  in  the  secondary  

54e  of  the  t r a n s f o r m e r   54  as  shown  in  the  nega t ive   p o r t i o n   of  t h e  

waveform  of  FIG.  3D. 

The  secondary  54e  of  t r an s fo rmer   54  is  connected  d i r e c t l y  

to  the  i o n i z a t i o n   s e c t i o n   18  of  the  neutron  source  12.  The  v o l t a g e  

provided  wi thin   the  secondary  54e  of  t r a n s f o r m e r   54,  as  r e p r e s e n t e d  

by  the  p o s i t i v e   and  nega t ive   going  pulses   of  FIG.  3D,  is  appl ied  a s  

the  i o n i z a t i o n   vol tage   to  the  anode  18a  of  the  neut ron  source  12. 

The  deuter ium  gas  molecules   r e l ea sed   oy  the  r e p l e n i s h e r   16  enter   t h e  

i o n i z a t i o n   s ec t ion   18  and  are  ionized   by  the  p o s i t i v e   going  p o r t i o n  

of  the  i o n i z a t i o n   vo l t age   app l ied   to  the  anode  18a.  These  deu te r ium 

ions  are  then  a c c e l e r a t e d   toward  the  t a r g e t   19  where,  upon  impac t ,  

they  produce  the  d e s i r e d   burs t   of  neutrons   so  long  as  a  p o s i t i v e  

i o n i z a t i o n   vol tage   is  app l ied   to  anode  18a. 

In  accordance  with  tne  foregoing  d e s c r i p t i o n ,   the  p r e s e n t  

i n v e n t i o n   provides   for  a  sharp  c u t - o f f   for  each  burs t   of  n e u t r o n s  

from  the  pulsed  neut ron  source  through  the  r e v e r s a l   of  the  p o l a r i t y  

of  the  i o n i z a t i o n   vo l tage   to  a  negat ive   value  at  the  end  of  t h e  

de s i r ed   burs t   per iod .   This  f e a t u r e   is  accomplished  by  employing  t h e  

pulse  forming  network  of  FIG.  2  as  descr ibed   above  to  produce  t h e  

i o n i z a t i o n   vol tage   waveform  as  shown  in  FIG.  3D.  The  p o s i t i v e   go ing  

p o r t i o n   of  the  waveform  is  u t i l i z e d   to  ion ize   the  deuter ium  i o n s  

while  the  nega t ive   going  po r t i on   provides  the  d e s i r e d   sharpness   f o r  

the  cut  off  of  such  i o n i z a t i o n .  

Refe r r ing   now  in  p a r t i c u l a r   to  FIG.  4  the re   is  shown  a 

d i s cha rge   unit   60  s u i t a b l e   for  use  as  the  p o s i t i v e   and  n e g a t i v e  



pulse  d i s c h a r g e   un i t s   52  and  56.  The  opera t ion   of  d i s cha rge   uni t   60 

wi l l   now  be  desc r ibed   in  c o n j u n c t i o n   with  i t s   use  as  the  p o s i t i v e  

pulse   d i s c h a r g e   uni t   52.  During  the  time  period  of  the  t r i g g e r  

pu l se ,   FIG.  38,  from  t r i g g e r   g e n e r a t o r   51,  a  d r i ve r   61  p r o v i d e s  

c u r r e n t   flow  through  r e s i s t o r   62  for  gat ing  swi tch ing   means  59.  The 

swi t ch ing   means  59  comprises   a  f i e l d   e f f e c t   t r a n s i s t o r   63  c o n n e c t e d  

in  s e r i e s   with  the  e m i t t e r   of  a  t r a n s i s t o r   64  which  is  b a s e - b i a s e d  

by  zener  diode  65  from  vo l t age   supply  +VA  along  with  c a p a c i t o r   66, 

r e s i s t o r   67  and  diode  68.  The  c o l l e c t o r   of  t r a n s i s t o r   64  i s  

connec ted   through  a  t r a n s f o r m e r   69  to  the  pulse  forming  network  53a 

of  FIG.  2.  Capac i to r s   70  of  pulse   forming  network  53a  are  c h a r g e d  

to  the  supply  vo l tage   +VB  through  inductance   71,  diodes  72,  73  and 

74,  i n d u c t a n c e s   75  and  the  top  po r t i on   54c  of  the  c e n t e r - t a p p e d  

t r a n s f o r m e r   54.  When  the  f i e l d   e f f e c t   t r a n s i s t o r   63  of  d i s c h a r g e  

uni t   60  is  gated  on  the  charge  s to red   on  the  c a p a c i t o r s   70  of  p u l s e  

forming  network  53a  is  d i s c h a r g e d   to  ground  through  t r a n s f o r m e r   69, 

t r a n s i s t o r   64  and  f i e l d   e f f e c t   t r a n s i s t o r   63a.  This  c r e a t e s   c u r r e n t  

flow  54a  in  the  top  p o r t i o n   54c  of  the  c e n t e r - t a p p e d   t r a n s f o r m e r  

54.  The  r e s u l t i n g   vo l tage   c r e a t e d   in  the  secondary  54e  o f  

t r a n s f o r m e r   54  is  a  p o s i t i v e   vo l tage   pulse  of  about  2  to  3  k i l o v o l t s  

as  shown  in  the  p o s i t i v e   going  p o r t i o n   of  the  waveform  of  FIG.  3D. 

Fol lowing  the  t e r m i n a t i o n   of  the  t r i g g e r   pulse  from  t r i g g e r  

g e n e r a t o r   51  to  d r i ve r   61  of  the  d i scharge   uni t ,   the  bank  o f  

c a p a c i t o r s   70  of  pulse  forming  network  53a  charges  toward  the  s u p p l y  

v o l t a g e   +VB. 
In  s i m i l a r   o p e r a t i o n ,   the  d i scharge   unit   as  shown  in  FIG.  4 

is  u t i l i z e d   as  the  nega t ive   pulse   d i scharge   unit   56  to  d i scha rge   t h e  

pulse  forming  network  53b  during  the  time  period  of  the  d e l a y  

t r i g g e r   g e n e r a t o r   as  shown  in  FIG.  3C.  During  t h i s   time  p e r i o d  

c u r r e n t   flow  54b  is  c r ea t ed   in  the  bottom  por t ion   54d  of  t h e  

c e n t e r - t a p p e d   t r a n s f o r m e r   54  to  induce  a  negat ive   vo l t age   pulse  o f  

about  2  to  3  k i l o v o l t s   in  the  secondary  54e  of  t r a n s f o r m e r   54  a s  

shown  in  the  nega t ive   going  p o r t i o n   of  the  waveform  of  FIG.  3D. 



In  one  p r a c t i c a l   embodiment  of  the  c i r c u i t   shown  in  FIGS.  2 

and  4,  a  15  microsecond  pulse  was  produced  u t i l i z i n g   the  f o l l o w i n g  

s p e c i f i c   types   of  c i r c u i t   components .  



1.  A  method  for  c o n t r o l l i n g   the  o p e r a t i o n   of  an 

a c c e l e r a t o r - t y p e   neut ron  source  having  a  t a r g e t ,   an  i o n i z a t i o n  

s e c t i o n ,   and  a  r e p l e n i s h e r   for  supplying  a c c e l e r a t o r   gas  which  i s  

i on ized   upon  a p p l i c a t i o n   of  a  p o s i t i v e   vol tage   to  the  i o n i z a t i o n  

s e c t i o n   and  a c c e l e r a t e d   toward  the  t a r g e t   for  the  p roduc t ion   o f  

n e u t r o n s ,   compris ing  the  s teps   o f :  

a)  producing  a  p o s i t i v e   vol tage   pulse  during  a  d e s i r e d  

time  per iod   for  each  burs t   of  neut rons   from  said  neutron  s o u r c e ,  
b)  applying  said  p o s i t i v e   voltage  pulse  to  said  i o n i z a t i o n  

s e c t i o n   to  produce  a  burs t   of  neu t rons   during  said  de s i r ed   t i m e  

p e r i o d ,  

c)  producing  a  nega t ive   vol tage   pulse  upon  the  t e r m i n a t i o n  

of  said  p o s i t i v e   vo l t age   pu lse ,   and 

d)  applying  said  nega t ive   vol tage  pulse  to  said  i o n i z a t i o n  

s e c t i o n   to  e f f e c t   a  sharp  c u t - o f f   to  said  burs t   of  n e u t r o n s .  

2.  A  pulsed  neutron  source  c o m p r i s i n g  

a)  an  a c c e l e r a t o r   tube  having  a  t a r g e t ,   an  i o n i z a t i o n  

s e c t i o n ,   and  a  r e p l e n i s h e r   for  supplying  a c c e l e r a t o r   gas  which  i s  

i on i zed   and  a c c e l e r a t e d   toward  the  t a r g e t   for  the  p roduc t ion   o f  

pu l ses   of  n e u t r o n s ,  

b)  means  for  producing  clock  pulses   at  the  d e s i r e d  

r e p e t i t i o n   ra te   for  said  pu l ses   of  n e u t r o n s ,  

c)  means  for  producing  a  f i r s t   gat ing  s i gna l   having  a  t i m e  

per iod   equal   to  the  d e s i r e d   time  per iod  for  each  pulse  of  n e u t r o n s ,  

d)  means  for  producing  a  second  gat ing  s i g n a l   in  r e s p o n s e  
to  the  t e r m i n a t i o n   of  said  f i r s t   gat ing  s i g n a l ,  

e)  pulse  forming  means  for  producing  a  p o s i t i v e   v o l t a g e  

pulse   in  response  to  said  f i r s t   ga t ing   pulse  and  a  nega t ive   v o l t a g e  

pulse   in  response  to  said  second  gat ing  s igna l ,   and 

g)  means  for  apply ing   said  p o s i t i v e   and  nega t i ve   v o l t a g e  

pu l se s   to  said  i o n i z a t i o n   s e c t i o n ,   whereby  said  p o s i t i v e   v o l t a g e  

pulse   p rov ides   for  the  i o n i z a t i o n   of  said  a c c e l e r a t o r   gas  and  t h e  

r e s u l t i n g   p roduc t ion   of  neut rons   during  the  time  per iod   of  s a i d  

p o s i t i v e   vo l tage   pulse   and  said  nega t ive   vol tage   pulse  provides   f o r  

a  sharp  c u t - o f f   to  said  i o n i z a t i o n   and  the  r e s u l t i n g   p roduc t ion   of  n e u t r o n  



3.  The  pulsed  neut ron  source  of  claim  2  wherein  said  p u l s e  

forming  means  c o m p r i s e s :  

a)  a  t r a n s f o r m e r   c e n t e r - t a p p e d   on  i t s   primary  side  t o  

p rovide   an  upper  primary  p o r t i o n   and  a  lower  primary  p o r t i o n ,  
b)  a  f i r s t   pulse  forming  network  connected  across   t h e  

upper  primary  po r t ion   of  said  t r a n s f o r m e r ,  

c)  a  second  pulse  forming  network  connected  across   t h e  

lower  primary  po r t i on   of  said  t r a n s f o r m e r ,  

d)  means  for  charging  said  f i r s t   and  second  pulse  fo rming  

n e t w o r k s ,  

e)  means  for  d i s c h a r g i n g   said  f i r s t   pulse  forming  ne twork  

dur ing  the  time  period  of  said  f i r s t   ga t ing  s igna l   to  p r o d u c e  a  

d i s c h a r g e   cu r r en t   flow  through  the  upper  primary  po r t i on   of  s a i d  

t r a n s f o r m e r ,   whereby  said  p o s i t i v e   vol tage   pulse  is  produced  a c r o s s  
the  secondary  of  said  t r a n s f o r m e r ,   and 

f)  means  for  d i s c h a r g i n g   said  second  pulse  f o r m i n g  n e t w o r k  

during  the  time  period  of  said  second  gat ing  s igna l   to  produce  a 

d i s c h a r g e   c u r r e n t   flow  through  the  lower  primary  po r t i on   of  s a i d  

t r a n s f o r m e r ,   whereby  said  nega t ive   vol tage   pulse  is  produced  a c r o s s  
the  secondary  of  said  t r a n s f o r m e r .  

4.  The  pulsed  neutron  source  of  claim  3  wherein  said  means 
for  d i s c h a r g i n g   said  f i r s t   pulse  forming  network  c o m p r i s e s :  

a)  swi tching  means  connected  across   said  f i r s t   p u l s e  

forming  network  and  provid ing   a  d i scha rge   path  for  said  f i r s t   p u l s e  

forming  network  when  a c t i v a t e d ,   and 

b)  means  for  applying  said  f i r s t   ga t ing  s igna l   to  s a i d  

swi t ch ing   means,  said  swi tching  means  being  a c t i v a t e d   during  t h e  

time  per iod   of  said  f i r s t   ga t ing  s i g n a l .  

5.  The  pulsed  neutron  source  of  claim  4  wherein  s a i d  

swi t ch ing   means  inc ludes   a  f i e l d   e f f e c t   t r a n s i s t o r   having  said  f i r s t  

ga t ing   s i g n a l   appl ied  to  i t s   gate  i n p u t .  



6.  The  pulsed  neutron  source  of  claim  3  wherein  said  means 

for  d i s c h a r g i n g   sa id   second  pulse  forming  network  c o m p r i s e s :  

a)  s w i t c h i n g   means  connected  ac ross   said  second  p u l s e  

forming  network  and  p rovid ing   a  d i s cha rge   path  for  said  second  p u l s e  

forming  network  when  a c t i v a t e d ,   and 

b)  means  for  applying  said  second  ga t ing   s igna l   to  s a i d  

swi tch ing   means,  said  swi tching  means  being  a c t i v a t e d   during  t h e  

time  per iod   of  said  second  gat ing  s i g n a l .  

7.  The  pulsed  neutron  source  of  claim  6  wherein  s a i d  

swi tch ing   means  i n c l u d e s   a  f i e l d   e f f e c t   t r a n s i s t o r   having  s a i d  

second  ga t ing   s i g n a l   appl ied   to  i t s   gate  i n p u t .  
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