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EXPLANATION OF FIGS. A, B AND C -Page #3

FIG. A

1. GRADED SEAL 7052 GLASS TO VYCOR
2. *KOVAR TO 7062 VACUUM SEAL
3. CYLINDRICAL POSITIVE ELECTRODE DRILLED AND TAPPED
4. CYLINDRICAL NEGATIVE ELECTRODE DRILLED AND TAPPED
5. SOLID QUARTZ PARTITION SEALED TO INNER AND OUTER

QUARTZ CYLINDER S
6. OUTER QUARTZ ENVELOPE
7. INNER QUARTZ ENVELOPE
8. DISCHARGE SPACE
9. VACUUM AND FILLING TUBE

10 . FLEXIBLE COPPER WIRE
11. CYLINDRI CAL SPACE FOR RUBY LASER ROD
12 . SAW TOOTH ELECTRODE

FIG. B

1. COPPER BRAID GROUND CABLE
2. HIGH VOLTAGE LEAD
3 . PLASTIC CLAMP
4. HIGH VOLTAGE INSULATION (RTV-102 , GE)
5. GLASS CYLINDER
6 . BRASS THREADED CYLINDER
7. KOVAR LEAD
8. GRADED SEAL
9. PLASTIC CLAMP
10 . CYLINDRI CAL ELECTR ODE

FIG. C

1. GROUND ELECTRODE
2 . POSITITIVE ELECTRODE
3. OUTER QUARTZ ENVELOPE
4. INNER QUARTZ ENVELOPE
5. DISCHARGE SPACE
6. VACUUM AND FILLING TUBE
7 . QUARTZ PARTITI ON
8. COPPER BRAID CABLE
9 . CYLINDER SOLDERED TO GROUND CABLE #8

*KOVAR - Westinghouse Electric Corporation

L 
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Page ~

EXPLANATION OF FIGS. A, B AND C - Page #5

FIG. A

1. GRADED SEAL 7 0 5 2  GLASS TO VYCOR
2 .  KOVAR TO 7 0 5 2  VACUUM SEAL
3 .  C Y L I N D R I C A L  P O S I T I V E  ELECTRODE ( D R I L L E D  ~ T A P P E D)
4 . C Y L I N D R I C A L  N E G A T I V E  E L E C T R O D E  ( D R I L L E D  & T A P P E D )
5. ELONGATED SOLID QUARTZ PARTITION SEALED TO I N N E R

AND OUTER QUARTZ E N V E L O P E S
6 .  OUTER QUARTZ ENVELOPES
7.  INNER QUARTZ ENVELOPES
8. DISCHARGE SPACE
9.  VACUUM AND FILLING TUBE

10. SOLID KOVAR LEAD
11. C Y L I N D R I C A L  SPACE FOR RUBY LASER ROD
12 .  SAW TOOT H ELECTRODE

F I G .  B

I .  COPPER BRAI D GROUND CABLE
2 .  H T ~~~ H V OLTA ~ E LEAD
~~ . PLAST~~~ C LAMP

h I G H  VOLTAGE INSULATION
5. GLASS CYLINDER
6 .  BRASS THREADED CYLINDER
7 .  K O V A R  LEAD
8. PLASTIC  C LAM P
9 .  C Y L I N D R I C A L  ELECTRODE

FIG. C

1. G R O U N D  ELECTRODE
2 .  POSITIVE ELECTRODE
3. O U T E P  QUARTZ ENVELOPE
~~ . I N N L i ~ QUARTZ ENVELOPE
5 .  DISCHARGE SPACE
6.  VACUU M AN D FILLING TUBE
7.  L :LONGATED QUARTZ PARTITION
8. G O~~PER BRAID CABLE
~~. C Y L I N D E R  SOLDERED TO GROUND CABLE #8
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~STEPS IN TUBE
.CONSTRUCTION &~~‘

1. CLOSE OFF ONE END OF OUTER QUARTZ TUBE , Pg. 3 A-6 , AND

ADD VACUUM PORT , A-9

2. SEAL PARTITION ROD TO INNER TUBE , A-5 , C-7

3. SEAL END OF INNER TUBE AND PARTITION TO OUTER TUBE

4. REMOVE CENTER PORTION OF INNER TUBE SEAL , A-il

5. ADD GRADED SEALS ON EACH SIDE OF PARTITION , A-i

6. THREAD ELECTRODES ON POSITIVE AND GROUND LEADS, A- 3. 14

7. SEAL ELECTRODES , A-2

8. CLOSE FINAL END WITH QUARTZ DISC

9. PREPARE POSITIVE ELECTRODE AS SHOWN ON PAGE 3, FIG. B

10. PREPARE GROUND ELECTRODE AS SHOWN ON PAGE 3, FIG. C

~~~~~ L- ~~~~~ ~~~~ --INSULATI ON OF POS ITIVE ELECTRODES ~ 
— (—a ~

- J &~
t —

The positive electrodes were constructed as follows :

(See Page 3, FIG. B)

F i r 4 t  t h e  high voltage lead wire ( 2 )  was a t t a ched  to

~ci~ r seal (7) by threading a brass cylinder (6) onto

t~ :t- electrode . Then a glass cylinder (5) was slipp ed

o c r the section where the electrode and high voltage

wire are connected. The glass cylinder was held in place

l y ~isk ir~ tape while the inner part of the cylinder

was filled with GE-RTV-102 silicone rubber sealing corn-

p(~un d ( 4 ) .  After the compound set , the masking tape

was remove d and the copper braided ground wire (1) was

sheathed over the -entire construction. The ground wire 

—- ~~~~ —— 
—— 

~~~~~~~~~~~~~~~~~ 
— ——— — -. — . .— ~~~~~~~~~
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A ~~~~~~~~~ of s i l ve r  was depos i ted  over the en t i re

outer sc~ tace of the tube which made a complete connec-

tior~ b e t w e e n  t he  copper braided sheath and the ground

leads .  f o al l  observa t ion  windows  were l e f t  on the

ground side of the tube so that the discharge could be

studied. The entire outside of the tube was then sprayed

-~‘ii th a clear plastic vinyl coating.

~~~TJARTL ENVLLOPE ~ ,

A f t e r  a l l / h e  seals  were made , the en t i re  q u a r t z

envelop e ~~~s heated with a hydrogen and oxygen flame

w h i c h  drove o f f  all the whi te  s i l ica powder that  had

,i conder i se d  on the  tube dur ing  the  sea l ing  process .  Then

the envelope was soaked in a 5% solution of hydroflucric

acid for about five minutes and then rinsed off with

~~ copious amounts of tap water and distilled and finally

dried with acetone .

~~ ~~~~~~~ODE.~~~~~~~

/~ft er the Kovar seals were made to the quartz envel-

ope , the oxide was removed by soaking the electrodes in

a concentrated solution of hydrochlo~-ic acid at 80de~’rees

C until t he  oxide f l a k e d  off. The electrc d~ s were the:.

f l u s h e d  w i t h  t a p  w a t e r  t h e n  d i s t i l l e d  w a t er  and d r i e~ .;
~~

a c e t one .

_ _  -.-~~_~-~~~ - __ __ _
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GRADED SEALS

Quar t z  graded seals were used on tubes 1 and 2 .  (see

pagel l , tubes 1 and 2 ) and Page 3 , FIG.  A#l; FIG . B#8)

Quar tz  to 7 0 5 2  glass graded seals were unsa t i s f ac to ry .

They were found to be weak between the grades. They were

also found to be prone to leaks under vacuum because of

the  many t rapped air bubbles .  Vycor 1 graded seals were

used for tubes 3 to 7. These seals are superior’ in

strength and vacuum tightness.

TUBE PARTITION

Forming a un i form par t i t ion  (Page 3, FIG.  A-5 , FIG.

C-7) between the two concentric quartz tubes (Page 3 , FIG.  A- 5

a 7)  without excessive distortion led to the use of several

types and shapes of materials.

QUARTZ ROD TO QUARTZ TUBING- exce9ive dis tor t ion
( when direct sealing technique was used)

VYCOR ROD TO QUARTZ TUBING- less d is tor t ion  because
vycor has2lower melting point(direct sealingtechnique ) than quartz.

GENERAL ELECTRIC SEALING GLAS~ ~~~ TO QUARTZ TUBING-
(direct sealing technique ) acceptable , but possi-
ble leaks through partition because of the great
number of trapped air bubbles. Also , seal cannot
stand thermal shock as well as the quartz to
quartz seals. This type of seal would be the best
to use if manufacturer can rid material of air
b u b b l e s .

‘ihe  seal that was finally decided on was quartz rod ~

~~~~i t z  t u b i n g  us ing  a micro torch  of hydrogen and oxv~~:.

_ _ _ _ _ _ _ _ _ _ _ _ _ _
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A t echn ique s imilar  to welding was appl ied .

1Vycor graded seals are manufac tured  by the Corning
Glass  Company .

2
Quar tz  r~~-J was laid on center tube and flame directed
on rod a i d  t u b e .  ‘

~92% Sili a , 8% Boric Acid

I
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- P kOB~ L~1

To C v e i o~ a laser pump source J l ) f C C C  th~~ ~~i 1 p r - - -

Ju ce  more power o u t p u t  w i t h  less hea t  concerl  C t  I C ) . ,

c~~t~~ r ) l . ~ and severe shock t h an  a c o n ve nt i o n a l  d i s cn ~~r ,  -

t U h F  01 - 01H Ji s -;harC’e length and di~~ ,el~~r.

i - A C R C F ~~~ :1 B

The pr ese r -t t ype  of laser  pump lamps have 1:. COfl’JflC.C

-
~ di~~chai ’e ~~~~~ s t r a igh t  or he i ic al , that must ~e

‘~ ~~v er ~~ c - i  L ’;  ~~ 1 L t h e  i npu t  power —— one Flectrode t O  I F

~~ 100) . L h C S U  t ’ lu es  of lamps lu cor.t i n uou s  .:p~- n d i  CC :o o d - i c ’

ui~~ v eu  h e ,-it co n c e n t r a t i o n , e l e c t r od e  sp u t  trr r inir ar -  -o

SC IH O C t  CC~ Ur ,oc u3~ shock waves .  The power in p u t  i s  h r .  -

l i f lC i t~ .1 to Lh e s ize  of the  e l e c tr o d e  ai~~ strerC i’ r h  C I  .‘ DC~

eILveloa-7 .

~~PP~~ U 1 i  TO P f ~d b 1,E M

‘I U C e S  W 1t~~i -two coaxia l  q u r i  1 0 envelores 310 (Cu I

p-o ~Il~~J 3 r d  equ Lii  r—~t~~nt c r - o s — f  i~- 1- -i e C C ~ r i - C t  C CDFFt  031:

st~~-u : 1  e ai - C l I C C I n  I: - c- .-ii n~r s  LP~ -~ o l d  L }

R E SU

- : - ‘
~~ ~ - LiP S 1 , F i ~o- ?.~3

1. H e - ~~t u i t i  ~ p ‘ 1 ’  i i l y  d i s t r i t u t ’

-I . ~) ~ i o n  shock j i s t r L I - U t i o r i
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J. Sputtering more evenly distributed

.u .  e ‘F ’,’pe LPS—2 , Page #5

1. Heat build up evenly distributed

Good shock d i s t r i b u t i o n

: isc~ I O N  OF R E S U l T S

~~- i t  bui l d up for Tube Types LPS-l and 2 was ever ,  y

J i s t : - i b u t e d .  This  becomes obvious if one looks at

J S C ’ J I i C C C  on PaneS 3 and 5. It is seen that the tc-ta~

.~er is distributed simultaneously and equally ~o

t l e  electoo ies .  Thus no e lec t rode  is t a k i n g  f ul l  : f ln -u t

C -,- .‘ ~ s f ’iun -i  to he the  case when the tubes  were

C r )  - -~~t ed ’,’ d i s c h a r g e d .  Only  when  an e lect rode or p a i r i  

~~ f d i l e d  to d i scha rge  and the  power s h i f t~~i

cc . ir.g electrode was there observed uneven

I C e c r C : . C ~ ar. d s p u t t e r i n g .  Spu t t e r i ng  in tube  typ e  2 was

C i uD c - ed ‘-i’ r t - ~ - g ’: c :: e t ry  of the top of the tuhe LP P - -

o~~ • i~~g .  LPs- : ; A , C . )  The s p u t t e r e d  m a t e r i a l  f o r  t h e

1!oS’ . - a ’ - t  con:ei t r a t - r d in the  upper  r eg ion  of t h e

c i ’- ~ - - : ~~
-- spr - :es .

C S.CL .U~. I~iN

T h u r  d i s c h a r ge  t u b e s  c o n s t r u c t e d  and t e s t e d  u i J e i

t J , : s  c o n tr a c t  p r o v e  t h a t  t he  O e o m e i r y  and c o n s t r u c t io n

-— - - ----- —- - — - — -

~
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Page 15

techniques are possible ~Rnd practical and show promise .

Refinement and further study in the following
areas is recommended.

1. More stable and reliable power sources.

2. Pressure of discharge gas or gasses in tubes.

3. Addi t ion  of alkaline metals to discharge vol—
ume

~~~. D i f f e r e n t  types  of gasses and g~~s mixtures.

5. Electrode material configuration and arrange-
ment

E~ . Reflective and conductive coatings.

7. Working temperatures.

8. Spectrum studies.

9. Types and configuration of laser rods used. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _



• !JIIt ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

k 
-

1



—r

4 —

~~

4’- -Ii—
~1~


