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@  A  structure  for  holding  a  cathode  of  a  tube 
type  (5)  in  a  gas  laser  tube  of  internal  mirror 
type  is  disclosed.  The  cathode  (5)  is  provided  at 
one  end  with  a  slender  projection  to  be  inserted 
into  a  hollow  portion  (2a)  attached  to  one  of 
sealing  flush  members  (2a,  2b)  of  enclosure 
members  and  to  be  caulked  with  a  groove  (13) 
formed  in  the  hollow  member  (2a)  so  as  to  hold 
the  cathode  (5).  The  cathode  (5)  is  also  provided 
with  spring  plate  members  (6)  at  its  other  end.  A 
slender  discharge  tube  (7)  is  provided  with  an 
expanded  portion  (8)  serving  as  a  discharge 
chamber,  the  expanded  portion  (8)  having  a 
smaller  diameter  than  that  of  the  cathode  (5)  so 
as  to  press  the  spring  plate  members  (6)  thereby 
supporting  the  said  other  end  of  the  cathode. 
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The  invention  relates  to  a  gas  laser  tube,  and 
more  particularly  to  a  structure  for  holding  a  cathode 
in  a  gas  laser  tube  of  an  internal  mirror  type  in  which 
enclosure  members  of  the  gas  laser  tube  at  its  oppo- 
site  ends  is  sealed  with  sealing  flush  members  provid-  5 
ed  with  hollow  members  with  spot  facings  and  glass 
face  plates  are  provided  at  the  spot  facings  of  the  hol- 
low  members. 

Referring  to  FIG.  1  ,  in  a  conventional  gas  laser 
tube  of  an  internal  mirror  type,  enclosure  members  of  10 
the  gas  laser  tube  comprises  a  thick  glass  tube  4, 
sealing  flush  members  1aand  1b,  hollow  members  2a 
and  2b  with  spot  facings,  and  mirrors  10.  The  thick 
glass  tube  at  its  opposite  ends  is  sealed  with  the  seal- 
ing  flush  members  1a  and  1b  which  are  respectively  15 
provided  with  the  hollow  members  2a  and  2b  with  the 
spot  facings.  The  hollow  members  2a  and  2b  are  re- 
spectively  provided  with  mirrors  10  at  the  spot  fac- 
ings. 

The  sealing  flush  members  1a  and  Ibarerespec-  20 
tively  attached  with  the  hollow  members  2a  and  2b  by 
soldering.  A  gap  between  the  hollow  member  and  the 
mirror  is  sealed  with  a  low  melting  point  glass  material 
9.  The  hollow  member  2b  serves  as  an  anode. 

A  conventional  structure  for  folding  the  cathode  to  25 
the  enclosure  members  in  the  gas  laser  tube  will  be 
described.  The  cathode  of  a  tube  type  made  of  alumi- 
num  at  its  welding  region  14  is  attached  to  the  sealing 
flush  member  1  a  by  welding.  The  enclosure  members 
at  its  anode  side  is  provided  therein  with  a  discharge  30 
chamber  8  which  is  provided  with  an  outlet  for  releas- 
ing  a  gas  within  the  discharge  chamber  8.  A  slender 
discharge  tube  7  at  its  anode  side  is  attached  to  a  wall 
of  the  discharge  chamber  8.  The  thick  glass  tube  4 
and  the  slender  discharge  tube  are  formed  in  an  inte-  35 
gral  structure  through  the  wall  of  the  discharge  cham- 
ber  8.  The  thick  glass  tube  4,  the  cathode  5  and  the 
slender  discharge  tube  7  are  arranged  in  a  coaxial 
position. 

In  such  the  conventional  structure  for  holding  the  40 
cathode  in  the  gas  laser  tube  of  the  internal  mirror 
type  as  shown  in  FIG.  1,  the  cathode  5  is  attached  to 
the  sealing  flush  member  1a  only  by  means  of  a  re- 
sistance  welding.  The  sealing  flush  member  1a  is 
made  of  Kovar  (Fernico).  In  contrast,  the  cathode  5  is  45 
made  of  aluminium.  The  sealing  flush  member  has  an 
electrical  resistance  higher  than  that  of  the  cathode. 
Consequently,  when  the  sealing  flush  member  1a  is 
subjected  to  the  resistance  welding,  the  welding  re- 
gion  14  of  the  sealing  flush  member  1a  is  a  tendency  50 
of  melting  or  cracking  to  cause  leaks.  Assuming  that 
the  welding  for  attaching  the  cathode  5  to  the  sealing 
flush  member  1a  is  carried  out  with  a  low  welding  cur- 
rent,  strength  of  attachment  of  the  cathode  5  to  the 
sealing  flush  member  1a  is  weak  so  as  to  tend  to  put  55 
out  the  cathode  from  the  sealing  flush  member  1a. 

On  the  other  hand,  an  alternate  conventional 
structure  for  folding  the  cathode  to  the  enclosure 

members  in  the  gas  gas  laser  tube  will  be  described. 
Referring  to  FIG.  2,  the  cathode  5  at  its  top  portion  is 
provided  with  a  slender  projection.  The  hollow  mem- 
ber  2a  attached  to  the  sealing  flush  member  1a  is 
formed  at  its  hollow  portion  with  a  ring-shaped  groove 
13.  The  slender  projection  of  the  cathode  is  inserted 
into  the  hollow  member  2a  and  caulked  with  the  ring- 
shaped  groove  1  3  formed  in  the  hollow  member  2a  so 
as  to  hold  the  cathode  in  the  gas  laser  tube. 

In  such  the  structure  for  holding  the  cathode,  the 
cathode  5  may  be  held  to  the  enclosure  members  of 
the  gas  laser  tube  without  welding,  the  gas  laser  tube 
therefore  has  not  the  set  forth  problems  of  melting  or 
cracking  of  the  sealing  flush  member  by  welding.  The 
cathode  is,  however,  attached  to  the  sealing  flush 
member  only  by  the  caulking  of  the  slender  projection 
of  the  cathode  with  the  ring-shaped  groove  in  the  hol- 
low  member.  In  an  operation  of  the  gas  laser,  the  cath- 
ode  and  the  hollow  member  are  subjected  to  a  vibra- 
tion  and  a  thermal  expansion.  Thus,  the  caulking  of 
the  slender  projection  of  the  cathode  tends  to  loose  or 
the  cathode  tends  to  put  out  from  the  sealing  flush 
member. 

An  object  of  the  present  invention  is  to  provide  a 
gas  laser  tube  of  an  inner  mirror  type  having  a  novel 
structure  for  holding  a  cathode  to  enclosure  members 
thereof. 

A  gas  laser  tube  of  an  inner  mirror  type  according 
to  the  present  invention  comprises  a  plurality  of  enclo- 
sure  members,  a  cathode  of  a  tube  type,  a  discharge 
tube  at  its  one  end  provided  with  an  expanded  portion 
having  a  smaller  diameter  than  that  of  the  cathode, 
the  discharge  tube  being  attached  to  the  enclosure 
members  at  its  one  side  through  the  expanded  por- 
tion,  and  means  attached  to  the  cathode  for  making 
the  cathode  secure  to  an  inner  wall  of  the  enclosure 
members  at  its  opposite  side,  the  means  being  press- 
ed  with  the  expanded  portion.  The  enclosure  mem- 
bers  comprise  a  thick  glass  tube,  sealing  flush  mem- 
bers  provided  at  opposite  ends  of  the  thick  glass  tube, 
hollow  members  with  a  spot  facing  attached  to  each 
of  the  sealing  flush  members,  and  mirrors  attached  to 
each  of  the  hollow  members  at  the  spot  facing.  The 
cathode  at  its  top  portion  is  provided  with  a  slender 
projection  to  be  inserted  into  the  hollow  member.  The 
slender  projection  of  the  cathode  is  caulked  with  a 
groove  formed  in  the  hollow  member.  The  expanded 
portion  may  serve  as  a  discharge  chamber.  The 
above  means  for  making  the  cathode  secure  to  the  in- 
ner  wall  of  the  enclosure  members  may  comprise  at 
least  one  spring  plate  member. 

In  the  novel  gas  laser  tube  of  the  inner  mirror  type 
according  to  the  present  invention,  the  cathode  is  pro- 
vided  with  the  means  for  making  the  cathode  secure 
to  the  enclosure  members.  While  the  discharge  tube 
is  provided  with  the  expanded  portion  to  press  the 
means  for  making  the  cathode  secure  to  the  enclo- 
sure  members.  Further,  the  slender  projection  of  the 
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cathode  is  inserted  into  the  hollow  member  and 
caulked  with  the  groove  formed  in  the  hollow  member. 
This  allows  to  securely  hold  the  cathode  within  the  gas 
laser  tube  of  the  inner  mirror  type  without  the  set  forth 
problems  associated  with  the  prior  arts. 

Preferred  embodiments  of  the  present  invention 
will  hereinafter  fully  be  described  in  detail  with  refer- 
ence  to  the  accompanying  drawings  in  which  : 

FIG.  1  is  a  longitudinal  sectional  view  illustrative 
of  one  example  of  the  conventional  structure  for 
holding  a  cathode  to  enclosure  members  in  the 
gas  laser  tube  of  the  inner  mirror  type  ; 
FIG.  2  is  a  longitudinal  sectional  view  illustrative 
of  an  alternate  example  of  the  conventional  struc- 
ture  for  holding  a  cathode  to  enclosure  members 
in  the  gas  laser  tube  of  the  inner  mirror  type  ; 
FIG.  3  is  a  longitudinal  sectional  view  illustrative 
of  one  embodiment  of  a  novel  structure  for  hold- 
ing  a  cathode  to  enclosure  members  in  a  gas  las- 
er  tube  of  an  inner  mirror  type  according  to  the 
present  invention;  and 
FIG.  4  is  a  longitudinal  sectional  view  illustrative 
of  an  alternate  embodiment  of  a  novel  structure 
for  holding  a  cathode  to  enclosure  members  in  a 
gas  laser  tube  of  an  inner  mirror  type  according 
to  the  present  invention. 
Afirst  embodiment  of  a  novel  structure  for  holding 

a  cathode  to  enclosure  members  in  a  gas  laser  tube 
of  an  inner  mirror  type  according  to  the  present  inven- 
tion  will  be  described. 

Referring  now  to  FIG.  3,  the  enclosure  members 
comprises  a  thick  glass  tube  4,  sealing  flush  members 
1  a  and  1  b,  hollow  members  2a  and  2b  with  a  spot  fac- 
ing,  and  mirrors  10.  The  thick  glass  tube  4  is  made  of 
a  sodium  borosilicate  glass  which  is  sealed  at  its  op- 
posite  ends  with  the  sealing  flush  members  1a  and  1b 
made  of  Kovar  (Fernico).  The  sealing  flush  members 
1a  and  1b  are  respectively  provided  with  the  hollow 
members  2a  and  2b  with  the  spot  facing  which  are 
made  of  426-alloy.  The  hollow  members  2a  and  2b  are 
respectively  provided  with  mirrors  10  at  the  spot  fac- 
ing.  The  flush  members  1a  and  1b  are  respectively  at- 
tached  with  the  hollow  members  2a  and  2b  by  a  sol- 
dering  material  3.  A  gap  between  the  follow  member 
and  the  mirror  is  sealed  with  a  low  melting  glass  ma- 
terial  9.  The  hollow  member  2b  serves  as  an  anode. 

A  novel  structure  for  holding  the  cathode  to  the 
enclosure  members  in  the  gas  laser  tube  according  to 
the  invention  will  be  described.  A  cathode  5  of  a  tube 
type  made  of  aluminum  is  provided  with  a  slender  pro- 
jection  to  be  inserted  into  the  hollow  member  2a.  The 
slender  projection  of  the  cathode  is  caulked  with  a 
ring-shaped  groove  formed  in  the  hollow  member  2a 
to  hold  the  cathode.  A  slender  discharge  tube  7  is  pro- 
vided  with  an  expanded  portion  serving  as  a  dis- 
charge  chamber  8  which  has  a  smaller  diameter  than 
that  of  the  cathode  5.  The  slender  discharge  tube  7 
and  the  discharge  chamber  8  are  made  of  a  sodium 

borosilicate  glass.  The  slender  discharge  tube  7  and 
the  discharge  chamber  8  are  also  formed  in  an  inte- 
gral  structure  by  flare  processing.  The  slender  dis- 
charge  tube  7  at  its  anode  side  is  attached  through  the 

5  discharge  chamber  8  to  the  enclosure  members  of  the 
gas  laser  tube.  The  thick  glass  4,  the  cathode  5,  the 
slender  discharge  tube  and  the  chamber  8  are  ar- 
ranged  at  a  coaxial  position.  The  sealing  flush  mem- 
ber  1  b  is  provided  with  an  outlet  12  for  releasing  a  gas 

10  within  the  discharge  chamber  8.  A  plurality  of  V-shap- 
ed  spring  plate  members  6  made  of  stainless  are  at- 
tached  to  an  inner  wall  of  the  cathode  at  its  anode  side 
by  welding  so  as  to  be  pressed  with  the  discharge 
chamber  8.  The  spring  plate  members  6  allow  to  op- 

15  erate  to  make  the  cathode  5  secure  to  an  inner  wall 
of  the  sealing  flush  member  1a.  Further,  the  slender 
projection  of  the  cathode  is  inserted  into  the  hollow 
member  2a  and  caulked  with  the  ring-shaped  groove 
formed  in  the  hollow  member  2a.  Whereby  the  cath- 

20  ode  may  securely  be  held  within  the  enclosure  mem- 
bers  of  the  gas  laser  tube. 

A  second  embodiment  of  a  novel  structure  for 
holding  a  cathode  to  enclosure  members  in  a  gas  las- 
er  tube  of  an  inner  mirror  type  according  to  the  pres- 

25  ent  invention  will  be  described. 
Referring  to  FIG.  4,  with  regard  to  means  for  mak- 

ing  the  cathode  secure  to  the  enclosure  members,  a 
plurality  of  arched  spring  plate  members  11  made  of 
SUS304  are  attached  to  the  cathode  at  its  anode  side 

30  by  welding  so  as  to  be  pressed  with  the  discharge 
chamber  8.  The  spring  plate  members  6  allow  to  op- 
erate  to  make  the  cathode  5  secure  to  the  sealing 
flush  member  1a  of  the  enclosure  members.  Whereby 
the  cathode  may  securely  be  held  within  the  enclo- 

35  sure  members  of  the  gas  laser  tube. 
In  the  gas  laser  tube  according  to  the  present  in- 

vention,  the  means  for  making  the  cathode  secure  to 
the  enclosure  members  may  comprise  a  member  with 
elasticity,  for  example,  a  spring  plate  member.  The 

40  spring  plate  member  for  making  the  cathode  secure 
to  the  enclosure  members  may  be  modified  to  various 
shapes.  The  means  for  making  the  cathode  secure  to 
the  enclosure  members  may  comprise  one  or  more 
members  having  a  elasticity.  The  location  of  the 

45  spring  plate  member  may  be  selected  associated  with 
various  structures  in  gas  laser  tubes. 

Such  the  novel  structure  for  holding  the  cathode 
in  the  gas  laser  tube  according  to  the  invention  allows 
to  hold  the  cathode  to  the  enclosure  members  without 

so  the  resistance  welding,  the  novel  gas  laser  tube  has 
no  problem  of  melting  or  cracking  in  the  sealing  flush 
member  to  cause  leaks  or  of  putting  out  the  cathode 
from  the  sealing  flush  member.  Further,  since  the 
spring  plate  member  allows  to  make  the  cathode  se- 

55  cure  to  the  sealing  flush  member  of  the  enclosure 
members,  the  cathode  5  is  securely  held  without 
looseness  of  caulking  of  the  slender  projection  of  the 
cathode  or  putting  out  from  the  sealing  flush  member 
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of  the  enclosure  members. 
Whereas  alterations  and  modifications  of  the 

present  invention  will  no  doubt  be  apparent  to  a  per- 
son  of  ordinary  skilled  in  the  art,  it  is  to  be  understood 
that  the  embodiments  shown  and  described  by  way  of  5 
illustration  are  by  no  means  intended  to  be  considered 
limitation.  Accordingly,  it  is  to  be  intended  by  claims  to 
coverall  modifications  of  the  invention  which  fall  in  the 
scope  of  the  invention. 

10 

Claims 

1.  A  gas  laser  tube  comprising  a  plurality  of  enclo- 
sure  members,  a  cathode  (5)  of  a  tube  type,  a  dis-  15 
charge  tube  (7)  provided  at  its  one  end  with  an  ex- 
panded  portion  (8)  having  a  smaller  diameter 
than  that  of  said  cathode  (7),  said  discharge  tube 
(7)  being  attached  to  said  enclosure  members  at 
its  one  side  through  said  expanded  portion  (8),  20 
and  means  (6)  for  making  said  cathode  (5)  secure 
to  an  inner  wall  of  said  enclosure  members  at  its 
opposite  side,  said  means  (6)  being  attached  to 
said  cathode  (5)  so  as  to  be  pressed  with  said  ex- 
panded  portion  (8).  25 

2.  A  gas  laser  tube  as  claimed  in  claim  1,  wherein 
said  expanded  portion  comprises  a  discharge 
chamber. 

30 
3.  A  gas  laser  tube  as  claimed  in  claim  1,  wherein 

said  means  for  making  said  cathode  secure  to 
said  inner  wall  of  said  enclosure  members  com- 
prises  at  least  one  member  having  elasticity. 

35 
4.  A  gas  laser  tube  as  claimed  in  claim  3,  wherein 

said  member  having  elasticity  comprises  a  spring 
plate  member. 

5.  A  gas  laser  tube  as  claimed  in  claim  4,  wherein  40 
said  spring  member  comprises  a  V-shaped  wind- 
ing  plate. 

6.  A  gas  laser  tube  as  claimed  in  claim  4,  wherein 
said  spring  member  comprises  an  arched  plate.  45 
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