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I. REQ U I R E M E N T S

Thi s iodine laser fac i l i ty  was des igned and f ab r i ca t ed  to provide an

unobs t ruc ted  annular  gain medium for  test ing  the c o n v e rg i n g - wa v e , u n s t a b l e

laser  resonator developed by Chodzko
1 at a relatively high F r e s n e l numbe r .

Othe r annular laser  resona tors  can also be te s ted with thi s iodine laser

faci l i ty . Because  of the relatively short  wavelength (X 1 . 3 15 ~ m) of an

iodine laser , it was possible to obtai n a medium Fresnel  nu m b e r  (N m
) of

1900 with an annular  laser  tube of 10-cm oute r d iameter  and a leng th  of 1 m.

A relatively high gain is r equ i r ed  f o r  the c o n v e r g ing-wave  unstable

resona tor . Calculations for  the threshold gain over the r ange  of expected

values of the resona to r magnif ic ation are g iven in Appendix  A. The small

signal  gain (g L) should be at least  ten time s the maximum expected th re sho ld

gain to e n s ur e  that the medium is well  s a tu r a t ed .  Thi s d e r i v d small

si gnal gai n of 6 . 5 probabl y can be achieved (Section III). The gain can be

reduced , if d e s i r e d , by the in t roduct ion  of a b u f f e r  gas such as a rgon  to

inc rease the l ine  broadening .  The annu lar  conf i g u r at i o n  is ideal  for  f lash-

photol ys i s  pump ing by a l i ne a r  f l a sh l amp  located at the  tube a x i s .

The F res n e l  n u m b e r  of the medium (Nm)  is a2
/X L , w her e  a is the r ad ius

of the laser  tube , L the length , and \ the wave l eng th  of the l ase r  radiat ion .
1 R.  A. Chodzko , S. B. Mason , and E. F. Cross , ‘1Annular Conve rg ing  Wave
Cavi ty,’ 1 App l . Opt. 15 , 2137 (1976) .
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II. IODINE-LASER CHARACTERISTICS

The atomic iodine  l as e r , which ope ra t e s  by the pho toche .mical

d i s soc iat ion  of c e r t a i n  p& ’r f luoroalkyl  iodides , was d i scovered  by K a s p e r  and

Pimentel 2 in  1964 . R e s e a r c h  and development  of the atomic iodine  l a se r  has

been i n c r e a s i n g  since 1~?70 when  Hola and Komp a3 and o t h e r s  r e a l i z e d

that  thi s type of l a s e r  is well sui ted fo r  laser  fus ion  e x p e r i m e n t s .  Hola and

Kompa , Davi s e t  al . , ~ and G r o s s  reviewed!  the theory  and o p e r a t io n  of

the photochemical  iod ine  l a se r . T h e i r  r e v i e w s  contai n ex tens ive  l ists of

r e f e r e n c e s .  Onl y a br ie f  d e sc r i p tion of the p r inc iples of ope ra t ion  will be

given in thi s repor t .

The pump ing of the ex c i t e d  iod ine  a toms is accomp l i shed  b y the ph o t o d i s —

s o c i a ti o n  of a caseou s  pe r fluoroal ykl i od ide  such as C 3F71. Mo re than 90~~.

of the io~~i ‘ :) S , s e p a ra t e d  f r o m  the molecule  by absorpt ion  of u l tr av io l e t

radia~~or he exc i ted  state ( 2
P ~~). T h e s e  exci ted  iodine atoms then

~J. V . . h~ 1sV r a n d  G. C. P imen tel , °. \t ornic Iodine Phot od issoc iat ion
L a s e r , ” App l. Ph y s .  Let t .  5 , 2.31 ( 19 6 4 ) .

‘N .  Hohia , P. Gense l , and K .  L. Kornpa , in P r o c ee d i n g s  of the Second
W o r k s h o p  on L a s e r  I n t e r a c t i o n  and Re la t ed  P lasma P h e n o m e n a,  eds .
1. S ch w ar z  and H . Hora , P lenum Publ i sh ing  Co . , New York  ( 1 9 7 2 ) .

K .  Hola and K. L. N o m p a , ‘ The Pho tochemical  Iod ine  Las & r , Chemica l
L a s e r  Handbook,  & d s . , R. W . F. Gross  and 3. F. Bott , W i lc v - In t cr s c ie n c e ,
New Y o r k  ( 1 ~~7~~) .

~C. C . Davis , R.  3. Pi rk ic , R .  A . M c F a r l a ne , and G. J. Wol ga , ‘Ou tp u t
Mo d e  Spec t r~t , C o m p a r a t i v e  P a r a m e t r i c  Ope ra t i on , Q u e n c h i n g ,  Photolyt ic
R e ve r S i I ) i l i t y ,  and Sho r t -Pu l s e  Gene rat ion in Atomic Iodine Fhotodis  socia t ion

“ I E E E  3. Qu antu m E l e c t r o n . Q E — 1 2 ,  334 ( 1 9 7 6 ) .

F. \\ . G r o s s,  “L a s e r  I n d u c e d  Fus ion  and X - R a y  L a s e r  Studies , 1 in
i ‘ av s i c s  of Q u a n t u m  E l ec t r o n i c s,  Vol. III , eds .  , S. F. Jacobs , M. 0.
S c u l ly , \ l .  Sa r g e n t , and C. I ) .  C ant r e l l  III , A d d i s o n — W e s l e y ,  R e a d i n g ,
M a s s .  ( 1~-~7~~).
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mak e the t rans i t ion  to the g round  state ( 2.
P 3,,2 ),  wi th  the e m i s s i o n  of

rad ia tion  at X = 1 .315  ~im. The p r i m a r y  r e a c t i o n s  a re :

C 3F71 + h~ (ul t raviole t )  C~~F 7 + I ( 2P 112
)

and

I ( 2P 112
) I( 2P 312 ) + h~ ( l a s ing)

The absorpt ion  band of C 3F71 (Fi g. 1) extends f rom about 0. 24 to 0 . 32 ~im

in the u l t ravio le t . Such iodide molecule s as CF 3I , C2F 51, and C4F
9

1 have

also been used fo r  photochemical  iodine l a s e r s , but  C
3F71 p r o d u c e s  the

g r e a t e s t  power output .  The iso state of C
3F7I , in which the iodine atom is

attached to the side of the chai n , p r o d u c e s  sli ghtl y m o r e  l a s e r  output than

the normal state . T h e r e f o r e , thi s molecule was used  in the l a s e r . Some

free- iodine  atoms combine to fo rm iodine molecu les , but  mos t  r e c o m b i n e

with the C 3F7 
f r e e  radical  to r e g e n e r a t e  the l a s ing  gas . T h e s e  chemica l

5reac t ions  are di scussed in detail  by Davi s et  al.

The e n e r g y  level of the exci ted iod ine  atom is sp lit by the i n t e r ac t ion

of the e l ec t ron  angular  momen tum of 1/2 wi th  the nuclear  angu la r  momentum

of 5/2 . A d iagram of these e n e r g y  levels is shown in Fi g. 2 . The F-values

are the sums of the e lec t ron  angula r  momentum 3-value and the nuc lea r

angular  momentum , and the g-values are  the d e g e n e r a c y  of each state . As a

r e s u l t  of the spl i t t i ng  of the e n e r g y  levels , six spec t r a l  l ines  a rc  allowed by

the se lec t ion  rules.  Their  relative s t r e n g t h s  and sh i f t s  a re  shown in Fi g. 2 .

At a p r e s s u r e  of 15 Tor r , the spec t ra l  line s a r c  c lear ly separa ted . Most  of

the l a ser  r ad ia t ion  appears  in the 3-4 line. The l i fe t ime of the 
2 P 1,2 exci ted

state of iodine is relat ively long (- -0. 2 s cc ).

5 . .
Davis e t  al. noted tha t  the spec t r a l  l ines  could be f ur t h e r  sp lit

and shif ted by the s t r o n g  magne t i c  field a ssoc ia ted  with a hig h - c u r r e n t

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  -~~~~_ _ __ _ _ _
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f lashlamp .  In this  conf igura t ion, however , the magne t i c  field is mostly

confined near  the f lashlamp tube by c lose-f it t ing  c u r r e n t  r e t u r n  bus rods ,

and the amount  of magnet i c field in the laser  tube volume is small (Sect ion IV).
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III. P E R F O R M A NC E  CALCULATIONS

The operat ing pa rameter s  that pro duce  the des i red  small  s ignal  g ain

and the c o r r e s p o n d i n g  output ene rgy  w e r e  ca lcu la ted .  These p e r f o r m a n c e

ca lcula t ions  w e r e  based on the analys i s  developed by T r e n h o l m e  and Manes 7

and on data f r o m  Hohia and Kompa. 4

The small s igna l  ga in  u s  the produc t  of the c r o s s  s ec t i o n  fo r  s t imula ted

emiss ion  (a)  and the i n v e r s i o n  de n s i t y  ( o I \ T ). The latte r i s  given by

= 3. 5 x ~o 16 6
~~CF

w h e r e  ~ is the d e g r e e  of d i s soc i a tion , which depend s on the i n t e g r a te d  ul t ra-

violet  r ad ia t ion  f r o m  the f lash lamp and P is the p a r t i a l  p r e s s u r e  of

C 3
F 71 in T o r r .  The nume rical f acto r  of 3. 5 x 10 is , of c o u r s e , the number

of molecule s pe r  cubic cen t imete r at a p r e s s u r e  of 1 T o r r . The c r o s s  section

for  s t imu la t ed  e m i s s io n  (a)  is i n v e r s e ly p ropor t iona l  to the spec t r a l  l ine

width , and the l ine  width  is d i r e c t l y p ropor t iona l  to the p r e s s u r e  in the r ange

w h e r e  p r e s s u r e  b r o a d e n i n g  is much  g r e a t e r than the Dopp ler wid th , i . e .

w h e n  P > 10 T o r r . Then , a a /P . The value of a is 6 ~~~~17 
cm

2
CF o CF o

p e r  u n i t  of p r e s s u re  in T o r r .  F rom the above , the small-signal  ga in  (g 0) is

g = 3. 5 ‘< 10 a ~0 0

o

g 2 . 1~~(cm 1 )

7J .  B. T r e n h o l m v ~e and K.  R.  Manes , “A Simple A p p r o a c h  to Laser
A m p l i f i e r s , ” U C R L - 5 14 13 , L a w r e n c e  L i v e r m o r e  L a b or a t o r y ,  U n i v e r s i t y
of C a l i f o r n i a , L i v e r m o r e , Ca l i f .  (2. 8 Novembe r 1972 ) .
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The i o d i n e  sp e c t r a l  l i n e s  can  be b roadened  f u r t h e r , and the gain r educed  by
the addi t ion of d i l u e n t  g a s e s  such as a r g on  or CO 2 . An e s t ima te  of ~ wi l l  he
made  l a t e r in t h i s  s e c t i o n .

It is n e c e s s a r y  to det e r m i ne the sa tu ra t ion  e n e r gy  dens i ty  E in o r d e r
to c a l c u l a te  the m a x im u m  e n e r gy  d e n s i ty  tha t  can be e x t r a ct e d  f r o m  the
m e d i u m .

E j~~) (~~~ ) ( J / c m 2 )

‘~ i s  a fa c to r t ha t  d ep e n d s  on the d e g e t i i  -ac ies  of the uppe r  and lower  l e v e l s ,
i .  e . , ( 1  ~

- /u 1 . The  a is the  f r a c t i o n  of j odj n~ a toms in the exci ted
U ‘ I

l eve l  t ha t  c o n t r i b u t e  to l a s i nu .  At  low p r e s s u r e , onl y the 3— 4 l ine lases .
= l u  /~ and  a = 7 / 12 ;  t l : e r & f o r e , a/ ’~ = 0 . 3 3  ( F i g.  2 ) .  At  h igh e r p r e s s u re s ,

the  h r  ‘s o v e r l ap , and a / \  can  he as u r e a t  as 0. 67 . h -~ 1 . 5  1o 19 3 f o r
= 1 . 3~ ~ ~ rn , and a = ~~~~~ ‘~~CF T h u s ,

K = 0 . 33 — ~~~ 
~~CF 

= ~~~ IO 4
PCF ( J / cm

2 )

The m a x i m u m  e x t r a c t a b l e  e n e r g y  d e n s it y  (E EX
) is e q u a l  to g E ( J  1cm 3) .

= ~~. 25  IO 4
PCF 2 . 1~ = 1 . 74 ~ 10~~~

E x p e r i e n c e  at  the G a r c -h i n g  l a b o r a t o r y  of the M a x - P l a nc k - I n s t i t i m t e  f u r
P las rnap }vy sik , Ga r ch i n g ,  G e r m a n y ,  has  shown a f l a s h l amp  e f f i c i e n cy  of
3 . 3 - 10 fo r  l o w_ p  r e s s u  re , s ing le~~line ope ra t ion , i . e •

E V = 3 .3 ~~~ 10 3
Ecx cap

- 16-
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where  V is the tube vo lume , and! K is the e l e c t r i c a l  e n t - r e y  s tored  in  the
cap

d i s c h a r ge  capac i to r . The vo lume  of an a n n u l a r  l a se r  tube is

V = 1TL( r ~ - r~~)

w h e r e  L is the length , and r2 and r 1 
a re  the oute r and inne r d i a m e t e r s ,

re spectiv ely. The above exp r e s s i On  can I)e w r i t t e n

V = 1 TL ( r
2 

- r 1
) (r 2 + r 1

) ii L d ( r 2 + r 1 )

w h e r e  d is th e t h i c k n e s s  of the a n n ul a r  space . Then ,

E V  = 1 .74 ~ 10~~ PCF~~
Ld( r

2 
+ r

1 )

The optimum value of the product of 
~~CF~

1 is d ie te  rm in e d  i~y the dbSorptlOfl

coefficient of C
3
F71, which is ~ = 1/85 (Tori- cm) ~. For uniform PuimPine

t h r o u g h  the thickness (d), aP CF d 1: th en , PCF d = ~~~~~~ and

F V = 0.4(2 L(r + r ) 3 3. 3 ~• 10~~ K
cx 2 1 cap

For this i o d i n e  l a s e r  t I l l ) , , r
1 

= 5 . 1 cm , r 2 = 10 .0 cm , L = 100 cm , and

F = 5000 3 . Wi th  these  v a lu e s  used in the equa t ion  above , ~ is 0.023 , and
cap -1

F V = 1( . 5 J .  The c a i n  ft ) i s  2 . 1~ 0 . 0 4 8 3 cm  and u~ L = 4 . 83.
t x  0 ‘ 0

T h e s e  c a l c u l a t i o n s  a r e  a p p ro x i m a t e  and depend  on the value of the

f l a sh l an ~p e f f i c i e n cy .  S i n e, ’  the f la s h l a m p  g e o m e t r y  r ep o r t e d  h e re  is  d i f f e  r e n t

f ro i r i  tha t  u s e d  at  Ga r c h i n c , this v a l u e  may be s i g n i f i c a n t ly d i f f e r e n t .  The

cain (g) can he inc r e a s ( - d !  s o nie w hat  by nu  a ns  of a s l i g h t l y l o w e r  p r e s s u r e

than the 12 To r r  imp l ied  by P(•Fd 
~ ~~. The med ium u n i f o r m i ty  t he reby

wou ld  be imp rovedi , b u t  t he  O 1 l tp i~ t ~‘nc r cy  would  be dcc  r e a s e d  sli ght l y .  For

-17-
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a p r e s s u r e  
~~~~~~ 

of 15 T o r r , it w a s  found that ~ = 0 . 0295 and g 0 = 0 . 062 .

These values come close to s a t i s fy i ng  the ga in  r e q u i r e m e n t s  fo r  the iodine

laser .

Tl:e  un i fo rmi ty of the annula  medium was  e x a m i n e d .  The d e g r ee  of

d i s soc ia t ion  is , of c o u r s e , p ropor t iona l  to the f lux f r o m  the f la sh lamp.  The

flux ( F ) ,  at any given rad ius  ( r )  f r o m  the c e n te r  of the annu lu s , is g i v e n  i)y

F ( r )  - 
r 1 - k ( r _ r

1
)

when  the flux e scapes  throug h the o ut e r  tube.  If , however , p a r t  of the li ght

is reflected from the outer tube with a r e f l ec t i on  c o e f f i c ien t  (~ ), the pump ing

radh a t lon is the sum of the o u t g o i n g  and reflected radiation.

r - rF ( r )  
— 1 — R ( r  — r ) , .  1 , — k ( r  — r ) — k ( r  — r )

F ( r
1

) — — ~~ + —

These  flux va lues  a r c  plotted in  Fi g. 3 as a func t i on  of r ad ius  f o r  both of the

above cases and for s e v e r a l  v a l u e s  of the abcorption parameter (k), which is

related to the part~al pressure of C
3
F...I. The above  r e l a t i ons neg lect the

loss of abso rb ing  molecule s  c a u s e d  by d l i ssoc iat l on , so the r e s u l t s  are  valid

f o r  onl y a small cleg ree  of d i s s o c i a t i o n . T h e r e  is a rad ia l  d e p e n d e n c e  of

r 1 / r  f o r  z e r o  a b s o rp t i o n .  R e f le c t i o n  f r o m  the  o u t e r  tube i n c r e a s e s  the

r a d i a t i o n  f lux  and i r’~’p roves  the  rnediu  rn ii  ni fo rmi  ty S omewhat .  For  all

e x p e r i men t s , a c o v e r i ng  of a l m m n m i n ~um foi l was  p laced a r o u n d  the outs ide  tube

to r e f l e c t  th~ l i g h t  hack  in to  the a n n u l a r  m e d i u m .

-18-
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IV . HIG H-VO LTAG E ELECTRICAL CIRCUIT S

A. SYSTEM DESIGN

F i g u r e  4 is a schematic cRag ram of the high-voltage electrical circuits .

The sys tem is des igned  to d i s c h a r g e  an ene r ’  s to r a g e  capac i to r i n to  a

f l a sh lamp.  It was d e s i r ed  that the d u r a t i o n  of the c u r r e n t  pu l se  be minimized.

The capac i to r  is c h a rge d  with a h i c h- v o l t a g e  p o we r  suppl y ,  r a t e d  at 70 kV and

5 . 5 mA , th rough  a 10-NE r e s i s t o r .  All  of the hi g h-vol tage leads  w e r e  com-

p letel y enclosed fo r  p e r s o n n e l  safe ty .

B . CHARGING C I R C U I T

The h i g h_ v o l t a g e  power  supp ly is a U n i v e r s a l  V o l t ro n i c s  Model

P A M - 7 0 — 5 . 5 a d j u s t a b l e  dc supp ly wi th a s t a n d a r d  M in i t r o l  c o n t r o l  p a n e l .

The c h a r g i n g  c u r r e n t  is limited by a 10-Ma r e s i s t o r , which  g i v e s  an  RC t ime

c o n s t a n t  of 26 . 3 sec . The capac i to r  voltage is g iven  by the equa t ion

V = V ( 1  - C
t / P C

)

w h e r e  V is the supp ly vo l t age  and t is the t ime . The t ime r e q u i re d  to

c h a r g e  a capac i to r to a vo l tage  ~Vc)~vi th a powe r supp ly wi th  an Output

vol tage  ~V ) i s  then

V
t = RC ln(~ - V

For  V = 70 kV and Vc = 60 kV , the cha rg ing t ime is 51 . 6 sec.

A li quid res i s to r , conta in ing  a n e a r l y s a tu ra t ed  CuSO4 solution , is

a simple and i n e x p e n s i v e  capacito r dump r e s i s t o r .  This  r e s i s t o r is made of

a p iece  of 1 / 2 — i n .  i . d. tygon tub ing  16 i n .  lor~~ ‘Vi ~~ ’ c o p p e r  e l e c t r o d e s  at  the

ends.  It was calculated that the total ene rgy (4734 3)  s t o r ed  in  the 2 . 6 3-1uF

-21-
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capac i tor  at 60 kV would cause a 22° C t e m p e r a t u r e  r ise in th is  dump

r e s i s t o r . The m e a s u r e d  r e s i s t a nc e  was 1000 ~l , so the RC t ime  cons tan t

is 2 . 63 msec , and the peak c u r r e n t  is 60 A. The pneuma t i c  switch that

c loses  the c i r c u i t  t h rough the dump res i s to r is normal ly  closed with no a i r

p r e s s u r e .  The pneuma t ic swi tch  is opened by n i t g ro g e n  p r e s s u r e  when the

capac i to r  is c h a rg e d , but it can be quickl y c losed by a f a s t- a c t i nt ~ p r e ss u r e -

rel ief  valve .

The voltag e on the capaci to r is m e a s u r e d  d i r e c t ly w i t h  a 50-~uA m e t e r

c o n n e c t e d  to the capaci to r t h rough a 1-G~ r e s i s t o r . Thi s vo l t age  m e a s u re -

m e n t  r e s i s t o r , the c h a rg i n g  r e s i s to r , the liquid dump res i s to r , and the

p n eu m a t i c  5\V i tch a r e  mounted  in  a s tee l  box f i l led wi th  t r a n s f o ru n e  r oil.

All h i g h-v o l t a g e  connec t ions  are f i t t ed  wi th  corona balls.

C. CAPAC I TOR AND SPARK SWITCH

The capac i to r is a Ma x wel l  Model 3250 3 l o w — i n d uc t a n c e , e n e r g y  s to r age

c a p a c i t o r d e s i g n e d  fo r  n o n o s c il l a to r y  s e rv i ce , i . e . , small voltage r e v e r sa l .

The i n i ’a su red c a p a c i ty  is 2 . 63 1iF. A Ph y s i c s  I n t er n a t i o n a l  Model 670 hi gh—

vo l t age , hi gh - c u r r e n t , s p a r k - g a p  swi tch  is mounted  on the hi gh -v o l t a g e

e l e c t r o d e  of the cap a c i t o r  as shown in Fi g. 5 . C o n nec t i o n s  are  made to the

f l a s h lam p  w i t h  12 R G -2 13/U coaxial  cables  The s p a r k - g a p  switch is t riggered

by a f a s t —  r i s in e  , h i g h —  v o l t ag e  pu l s e  f r o m  a Tobe D e u u t s c h n i a nn  pulse  g e n e r a t o r ,

‘,‘H i i c h , in  t i u i - n , r q i u i r t - s  a f a s t  r i s i n g  2 5 0 — V  t r i g g e r .  The spontaneou s b reak —

clown po t en t i a l  (of t l i t ’  s p a r k — g a p  sw i t c h )  is made somewha t  h i g he r  than the

o p e r a tin g  v o l t ag ’ by ad~ u s b n g  the g as p r e s s u re  in the s w i t c h .  For  60 kV , a

o I- es su r e  of abou t 50 psi g of n i t r o g e n  is r equ i  red , bu t  atrnosp he n c  p r e s s u r e

‘~ SF 6 
is m o r e  than  adequat e . The SF 6 gas  is p r e f e  r i -ed  b e c a u s e  the switc h

hy c o ni e s  c r r a t i  C a f t e r  m a n y  f i r i n g s  with n i t r o g e n  ga s .
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D . F i~~\ S l l L A M P

A p ap e r  by Holy . r i cH  r and Schalow and 8 d e s i g n  i n f o  r m a t i o n  f r o m  the

g r o up  at Cia r eh i  ng  w e r e  v~ ’ r y  he lp fu l i n  the d e s i g n  of the f l a s h l a m p .  The

r equi  l e l f l c ’ f l t S  tn the fla sh lan~p we u- c to r ad i a te  a I — r n  l eng th  of l a s ing  medium

with ii  t r a v i o l t t r a d i a t i o n  in  ti ~ r e g i o n  of 2700 A . On the b a s i s  of G a r c h i ng

‘xpc n e  n e c , 
• a r i ta iv~ lv In r g e  i n t e  r n a l  dian ~e te r of 18 mm was  chosen to

i n c  r , ’a st ’ t h e -  op~t c i L v  of the  u l t r a v i o l e t  rad ia t ion . It was p lanned  to use  a

s i n g l e  c a p a cit o r of a b o u t  5 0 0 0 — J  e n e rg y  s to rag e capac i ty . Corn rne i-c ia l— qua l i ty

I secl q u a r t z  w a s  u se d  f o r  the fi t s h I u  p \vh ich b e g i n s  t absorb  at wave lengths

below 2600 \ , b u t  th i s  a b s o r p t i o n  was  n o t  Ia I-ge e n o u g h  to si gn i f i can t l y d e g r a d e

the Ou t p u t .

F r om t h e  a n a ly s i s  b y l io lz  r ic l . I t ’  r and Sch a low , 
8 a pa r ar ne te  r (K 0)

was  ( alc L i a t ’ ( l  f r o m  the r e l at i on  K k~ /c! , w h e r e  ~‘ i s  the cl i  st an c e  be tween

the c i t - c t  rode S . d i s the tube d i at n e t e  i- , and k i s  a c o n s t a n t  equal  to 1 . 2 . The

v o l t ag e  a c r o s S  t h e  fl as h lamp is a s s I n ) e dl  t o  be p r o p o r t i o n a l  to the s qu a r e  roo t

of t h e  c u r  r e n t

V = K \ i
0

A c h a r a c t e r i s ti c i m p t - d ~t n c ~ ’ t Z  1 i s  g i v e n  by  Z \ L /( . F o r  a c i r c u i t

i n d i ,  L i n <  t ’  of I ) . 2 5~~h i  a n d  a cap ~u t i t a n c ’  of 2 . r , 3~ . l ’ , Z i s  0 . 3053 ~ . A

c h a ra c t e r i st i c  t i m e  c o n s t a n t  ( T I  is g i v e n  b y -r \~l , C . Kni -  t h e s e  v a l u e s  of

L and C , 1’ i s  0 . 5 1 1  t l scc . A d a m p i n g  c o n s t a n t  ( , ) , i s  del i  nec! by  3 = K / \  Z \
0 ( i n

Fo r \ ~ () k\ , ‘ ~~- 0. ~‘ 3 ,  a u i d , ~or  V - b O k’\ , L 4 ’ e . F rom t h e  p a r a m e t r i c
0 0

c u r v e s  of n o r u n a l i s e t i  c u r r e n t  v e r s u s  n o r m a l iz e d  t ime g i v e n  b~ l l o lt z r i c ht ( ’r

and Schalow f o r  ~ = 0 . 5 , the I ) ’ok c u r r e n t  was  f o u n d  to be 0. un~ V / Z  - For
(1 (‘t

R .  F. \V . G r o s s , The Ac 1-ospace Co rpo r at i o n , i u n p i i b l i s I i  d .
~~1. F. Ib Is r i ch t e r and A. L. Schalow , ‘ D e s i g n  and A n a ly s i s  of F l a shlamp

Sy s tem s  fo r  Pump ing  O r g a n i c  Dy e  Lase rs , ‘ Ann . N . Y .  Acad . Sci . 165 ,
7 03  ( 1 9 7 01 .
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V 60kV , I = 126 , 500 A , and , f i r  \ 50 kV , I 102 , 000 A. F r o m  t h e
0 P 0 p

pa rarne t r ic  cu rves  of cur  r en t  v e r s  us t i m e , it \\ as found  tha t  the half  p e r iod  of

the c u r r e n t  pulse  fo r  :~ 0 . 5 is 3. 25 T , which  is 2 . 64 ~,isec . The t h e o r e t ic a l

c u r r e n t  pulse fo r  V = 50 kV is shown in Fi g. 6 , and an ac tua l  c u rr e n t  t r a c e

is sho\v n in F ig .  11.

F i g u r e  7 is a simp lif ied c r o s s — se c t i o n a l  d r a w i n g  of the l a s e r  dev ice .

The 12 coaxial cables f r o m  the s p a r k-ga p  switch a re  a t t ached  r a d i a l l y to a

cy lindrical  e lec trod e h o u s i n g .  The outs ide  shields  of the coaxial cables ,

which a re  g roundedi , a r e  at tached t o  the oute r shel l  of the hou s ine , and the

cen t ra l  c o n d u c t o r s  of the coax ia l  cables ar e  connec t ed  to the  h i g h - v o l t a g e

t l e c t r o d e . The g round  e l e c t r od e  of the  f l a s h l amp  is c o n n e c te d  to t h e  e l ec t rode

hous ing  by t h r e e  small c v l i n d  n eal i-ods around! the fla shlamp . The m a g n e t i c

field a s soc ia ted  ~ ‘i t1i the  f l a s hl am p  c u r r  t n t  is mostly con f ined i  b et w e e n  the

f l a s h l amp  and the g r o u n d  r e i n  rn rods  • so tha t  the e n e r g y  levels  of the exci tedi

i o d i n e  atoms in  the a n n u l a r  r e g i o n  a - c a f f e c t e d  ye  rv l i t t le  by Zee rn an

sp l i t t i n g .

A fo r n iu ln  that  a p p e a r s  to d!esc n i l ) e  the f u n c t i o n a l  b e h a v i o r  of the

f la s hl a m p  1 5 exp lo sion l imi t  \v i t s  giv en by FTol z  r i c h t e r and  Sch low 8

F = b ~~ (i \’T
x

- 
—1 2 1/ 2

w h e r e  h is a c o n s t a n t  about  6 . 8 10 3 cm see . For the p a r a m e te r s  of

thi s s tu cl y ,  E = I 1 , 000 3. The lamp t h e r e f or e  is Ope r a t ed  ~c ell below the

exp losion l imi t .

A i io tt ’n t i a l  p rob lern that had to be add r e s s ec i  i n  this  d e s i g n  of the

f l a s h l a m p  ci rc i i it  in which th e  g r o t u n d !  r e t u r n  rods  we rt ’ u sedl  ~va s the e lec t ro-

m a g ne t i c  f o r ce s  on t h e s e  r r a l s  . l’ e m a g n e t i c  f i e l d  a s soc i a t ed  w i t h  t he

f l a s h l a m p  c u r r e n t  is 1’ . ~~ t /  ~~~~~ For  I 120 , 000 A , the value  of B~ at

t h e  rod pos i t ion  of R - 1 . 9  cm is B~ 1. 26 W b / m 2 . Each  rod c a r r ie s  a
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m a x i m u m c ur  rent of 40 , 000 A; t h e r e f o r e , the  J X B f o r c e  pe r  rod is 1. ~ 6 X

40 , 000 ~0 , 400 N / r n .  A c o ns t a n t  fo rce  of t h i s  m a g n i t u d e  would t ear  t in ’- rods

a p a r t , but  t I i ~ d u r a t i o n  of the  f o r c e  is s h or t  (- 2 ~s ec I . I he u - ods , tin’ i’ e for c ,

r e c e i v e  an : mp u l se  of 0. 1 N - s e e / r n , which  can  then  be a b s or b e d  by r e str a i n -

ing  s u p p o r t s  0 - c r  a m u c h  l un g e r  pe Cj ) Cl of t i m ” . F i n ’  f o r c e s  on t h e  s u p p o r t

s t r u c t u r e  a r c  t h e n  n e at l y r e du c e d .  .\ detai led d e s i g n  calcula t ion of

the  r e s p o n s e  and t h e  r e q u i r e d  st i -e n g th  of t h e  r e s t r a i n i n g  s u p p o r t  r i n g s  was

c o n s i d e r e d  too c o m p l i c a t ed , so a c o n s e r v a t i v e  e st i m a t e  w a s  made  tha t  the

f o r c e s  on the  suppo rt s t r u c t u re  wer e  r e d u c e d  by a fac to r of 100. A d e s i g n

b ased  on t h i s  e s t i m a t e  proved  to be s at i s f a c t o r y .  B r a s s  s u p p o r t  r i ngs  1 / 5 - i n .

wide  and 1 / 1 6- i n ,  t h i c k  w e r e  welded e v e r y  6 in .  a long  the l eng th  of the  rods .

H i g h — v o l t a g e  i n s u l a t i o n  was  a c i-itical p r o b l e m , espec ia l ly with the

c lose  - f i t t i n g  g r o u n d  r e t u r n  roc! s and hoi s in g .  A fl a s h l ar np  wall  t h i c k n e s s  of

3 nun w a S  n , c m u i  r ed  to 
~ 

rovi di c a die l ’c t r i  c s tr e n g t h  of 60 kV b e t we e n  the

h i gh  — v o l t a g e  e U - c  t r o d e  and the  g r ound! r e t u r n  rods  and e l e c t r o d e  hou s ing .

The c U e  I rode s u O ’i ng in  the h ou s i n g  w a s  ina d ’ qu u a t e  to p r e v e n t  v o l t ag e

b r en ic  don . n in a i r ;  the r e f o r e , an at on i s p h e r e  of SF
6 

was n e c e s s a r y .  Si l icone

r t i h h ’ ’  r s ea l s  n. e Fe u s ed  b e t w e e n  the i n n e r last’ i- tube and the e lec t r o d e  h o u s i ng

a n d  the  g r o u n d  e l e ct  i-ode to conta i n the SF
6 

ga s. The SF 6 gas  ‘i as ~ed s lo wly

i n t o  the  s i n  e t i - ode  h o u s i n g  and t hen  flowed out  th i -om ~r ih a small  ho le  in  the

seal a r o u n d  the  g r o u n d  e l e c t r o de . This s c h e m e  wo r ic ed  \y cl l , and the o n ly

elcct i - ical  b r e a k d o w n s  o c c u r r e d  when the SF 6 
was  no t  f lowing  in the

elt ’ctroc !e h o u s i n g .  The SF 6 
gas  does not a b s o r b  the u l t r a v io l e t  r a d i a t i o n  used

to pump the iod ine  l a s t ’  r . All  d c c  t i - ica l  c o n n e c t i o n s  wi re silve i- — s o lde r e d  or

c lamped  v e ry  ti~~htl y to avoid c o n t a c t  a r c i n g  c a u s e d  by t i n ’  h igh  peak c u r r e n t .
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F. I NDU C T A N C E  CALCULATIONS

The total induc tance  of the flashlamp c i r c u i t  was p rev iousl y s ta t  ci to

be 0. 025 ~cH. A summary  of the calculations fo r  the i n d u c tan c e  is given in

thi s sec t ion .

A usefu l f or m u l a  fo m- the induc tance  of coaxial cables is L = 21 ( c m )  in

( b/ a )  nan oH.  For  the R G - 8/ U  coaxial cable , L 2. 75 n a n o H/ c m .  For 1Z

cables in pa ra l le l , L = 22 .9 nanoH /rn , and f o r  the 2-rn  length  actually u sed ,

L 45. 8 nanoFi .

The ca l cu la t ion  of the i n d u c t a n c e  fo r  the f lashlamp wi th  the g r o u n d

r e t u r n  rods and e lec t rode  h o u s i n g  is more  comp lex. The i n d u c t a nc e  of the

f lashlamp is ca lcula ted wi th  one rod and then divide b y t h r ee . The f o r m u l a

u s e d  is

2
L = 2 In d /p 1p 2 n a n o H /c m .

w h e r e  p 1 
and p 2 

a r e  the d i a m e t e r s  of the f lash lamp and rod co n d u c t o r s ,

r e spec t i ve ly, and d is the spacing b e t w e e n  c e n t e r s  of the conductors .

L 2 In 1 6 ~~o 625 = 2 . 46 n a n o H/ cm

For  t h r e e  r e t ur n  rods 117 cn3 long ,  L
1 

= 177 2 . 4 6 / 3  96 nanoH.  T h e re  i s

a s h o r t  l eng th , 5 cm , of a close-fi tting coaxial g r o u n d  e l e c t r o d e  of 3. 2 cm

d i a m e t e r .  The hig h— v o l t a g e  elec t rode  has  a diamc’t e r of 1 . 2 cm in this

r e g i o n .  T he r e f o r e ,

L
2

2~~ 5In (~~~~)~~~9.8 nanoH

F .  \‘. . Grover , Inductance Calculations, Working Fo rniulas and Tables,

Dover  Pub l ica t i ons , New Y o r k  ( 1 9 6 2 ) .

-30-

~~~~~~~~~~~~~~~~ 
‘
~~~~~~~~~~~~~~~~~~~~~~~~~ - - ‘ 

_ _ _ _ _ _  _ _ _ _ _



The cy l i nd r i ca l  hous ing  is  4. 5-cm long and h a s  a d i a m e t e r of 12. 5 cm . Thus ,

L 3 = 2 x 4 . 5 ln( 12. 8 / 1 . 2) = 21 . 3 nanol l .  The  total i n d u c t a n ce  of the f i a s h l amp

and e lect rode connec t ions  is L = L 1 + L2 + L 3 
= 127 . 1 nanol l .

The i n d u c t a n c e  c o n t r i b u t io n s  of the i n d i v i d u a l  e l e m e n t s  a r e :  L -capaci to r
15 nanoH , L = 45 . 8 nanol-I , L 127 . 1 n a n ol l , and L .

cables lam p i i v i t c i i
60 nanoH. The l as t  fi g u r e  is an e s t i m a t e. The total c i r c u i t  i n d u c t a n c e  is

the sum of the above , i. e . , L = 250 nan oH.total
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V. LASER-TUBE FABRICATION

The tube was f a b r i c a t e d  f r o m  commercia l  f u s e d - q u a r t z  tubing with

optical-qual i ty , fu sed - s i l i c a  end windows .  The window s w e r e  fabr ica ted

f r o m  Dynas i l  Type 4102 fu sed - s i l i c a  disks 5/8 in . thick . They were

op tically g r o un d  and polished f la t  on both s ides  to about  X / 10  (visible) and

then coated wi th  a n t i r e f l e ct i o n  l aye r s  (at  = 1 . 3 r im).

The outs ide of the i n n e r  annula r tube was sandblas ted, and the ins ide

of the oute r tube was g r o u n d  to eliminate specular  r e f l ect i ons  f rom the

s u r f a c e  that  might  cause  pa ras i t ic st imulated emiss ion . The g r i n d i n g  of

the o u t e r  tube was accomplished by rotat ing the tube for  several  hour s  with

a m i x t u r e  of coa r se  alumina g r i n d i ng  powder  and po rce l a in  halls .  The ends

of the cy lind rical  tube s had to be cut accura te ly to c e m e n t  the end w indows

with minimum gaps .  Also , the ends  \v er e  cu t  at a small a n g l e  to One

another  to p r e v e n t  mult iple r e f l ec t ions  between the end windows . The i n n e r

and oute r tubes w e r e  heLl in p r ec i s e  ali gnment  with each o t h e r  during cu t t ing

with a diamond saw by waxing the tubes  together  wi th hard optical wax.

T o r r  Seal epoxy c e m e n t  supp lied by V a r i a n  Assoc ia tes  Vacuum Division

was used  fo r  c e m e n t iog  the end windows to the annu la r  tubes . It was n e c e s s a r y

to make end ji gs to hold the pa r t s  in ali g n m e n t  while tacking the pieces

togethe r . The jo in t s  w e r e  then  c a r e f u l l y cemen ted  fo r  a vacuum ti ght seal.
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VI . V A C U U M  AND GAS-HANDLING SYSTEM

The v a c u u m  and g a s-h a n d l i n g  sys tem is shu5v n schematical ly in Fi g. 8.

A sinall  oil d i f f u s i o n  pump is used  to pump out  the s y s t e m  to a v a c u u m  of

less than T o r r . A f l e x i b l r  meta l  bello\v s tube c o n ne c t s  the man i fo ld  to

the las e 1’ tu be. Th t ’ va c uun i  ma ni fold is also u ~ “d to pump out  and fill  the

x e n o n  f l a sh l amp .  P r e s  s um r e s  a me mn asu red by a Bourdon tube g a u g e . The

x e n o n  f la s ht ub e , fo r  examp le , is f i l led with abou t 50 T o r r  of xenon  and is

then  d i s c o n n e c t e d  f r o m  the s v s t s ’ u i i . This f i l l  is good fo r  at l eas t  50 sho t s .

The C 3
F71 is s t o r e d  in  a p y r e x  f l a sk  that can  be cooled with li quid n i t r o ge n .

The u s u a l  p r o c e d u r e  f o r  f i l l ing the laser  tube is to allow the C
3F7

I to w ar m

up slowly f r o m  li quic ! n i t r o g e n  tempt  ratu i- c wi th the valve to the flask op ened .

The vapor  p r e s s u r e  i n c r e a s e s  with t e m p e r at ur e  (Fig . 9) ,  a n !  the va lve  to the

f l a sk  is closed! w hen  the d e s i re d  p r e s s u r e  ( — - 20 Torr) is r eached . A s ingle

fi l l  of C 3F71 can  be u s e d  foi- up to 20 sho ts  w i t h  onl y sli g h t  de t e r i o r a t i o n  in

ou~~ u t  e n e r g y .  The g a s  f ina l l y b e c o m e s  c o n t a m i n a t ed wi th  i o d i n e , wh ich

q u e n c h e s  the exc i t ed  iod ine  a toms , and o t h e r  p r o d u c t s  of the f l a sh  photolys i s .

Thi s m a t e r i a l  can be pumped out  in to  a was t e  cy l i n d e r  cooled to li qu id

n i t r o g e n  t ernp s ’ra tu  me . Iodine  is-as obse rved  to condlense  on the wal ls  bu t

d i s a p p e a r e d  a f t e r pump ing overn i g ht .
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VII . PERFORMANCE

The iodine laser was f ir s t  tested with a Fab ry -Pero t  resonator  con-

s is t ing  of a full y r e f l ec t ing  m i r r o r  and a par t ia l ly re f l ec t ing  m i r r o r .  Two

partially r e f l ec t ing, p lane , paral le l  plates w e r e  fabr ica ted  f ro m  optical-

quality fused silica . They w e r e  coated with an an t i re f lec t ive  coa t ing  on one

side and wi th  a n o n a b s o r b i n g ,  pa r t i a l ly i -e fl ect ing  coating on the other side ,

with re f l ec t iv ity  values of 80 and 50~~ , respect ively.  The par t ia l l y r e f l e c t i n g

plate of the F a b r y-P e r o t  r e sona tor  was aligned paral le l  with the flat m i r r o r

by m e a n s  of a small He:Ne lase r  beam.

The i n t e n s ity  d i s t r ibu t ion  of the near field was recorded with an i n f r a r e d

vidicon came ra with an RCA Ir icon tube. The laser  beam obtained with the

Fahry. .P erot  resonato r illuminate d a sand-blas ted, black-anodized aluminum

screen  that was focused  onto the i n f r a r e d  vidicon . The vidicon image was

reco rded  and then displayed on a moni tor , which was photographed with a

Polaroid osci l loscope camera. Fi g u r e  10 is a typical photograph of the nea r -

field intensi t y distribution. A radial decrease in intensity is evident , as

expected , and the th ree  c u r r e n t  r e t u r n  rod s c r ea t e  d i s t inc t  shadow s in the

output distribution.

The f l ash lamp c u r r e n t  was s ensed  wi th a smal l  p r o b e  coil mounted

inside the e lec t rode  hous ing  n e a r  the ~val l . This  s i g n a l  is p r o p o r t i o n a l  to

d B/ d t ;  the signal  was i n t e g r a t e d  wi th  an RC c i r c u i t  to o b t a i n  a vol tage  pro-

porti onal to the c u r r e n t . F rom the g e o m e t ry ,  i t  w a s  ca lcula ted that  I

6 x 10 5
V t~ 

The detai l ed ca l c u l a t i on s  a r e ’ c i v t - n  in  Append ix  B. .‘\n i n t r i n s i c

r m a n ium  de tec tor , ope rated at r o of  0 t e mp e  ra tu  re , w a s  set  up to m onito r

the laser  radiati on. The ( 1( - t t ’ c t o r r~’S pO f l Se  , ‘x t t ’n d s  to 1 . 8 him , and , t h e r e f o re ,

i t  is sensi t ive at the i o d i n e— l a s e r  ~ av - l t - n g t h  of 1 . SI  S tim. The detecto r is

normal ly  used  in the photovol taic  mode , hu t  it was c o n v e r ted  for  use  in the

photoconductive mod e b y a -6v bias . A re la t ive l y low load res is tance  of

100 ~ w a s  used . The detec to r should t h e re f o r e  be l inear  at signal levels of
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Fi g. 10. ~~ea r - F i s - ld  I n t e n s i t y  Di s t r ib u t  i O f l

of Iodine Laser  wi th  Fabry-
Perot  R e so n a t o r
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severa l  vo l t s—far  above the signal  levels of 100 mV that w e r e  normally

used .

For most  shots , dual scop e trace ’s  w e r e  made of the c u r r e n t  and the

l a se r  ou tput. A typical dual scope t race  is shown in Fig.  11 . The si gnals

a re  smeai-ed by rf inte r f e r e n c e  (probabl y f r o m  the spark gap t r i gg e r)  at

the beg i n n i n g  of the trace , which makes  it d i f f i cu l t  to es tabl i sh  z e r o  time .

It appears , however , that the c u r r e n t  pulse dura t ion  ( t ime—to—zero  cur  r d -nt )

is approximately 4. 5 t i sec .  The peak c u rr e n t , fo r  this shot at 50 kV , is

approx imate ly 75 kA.  T h e r e f o r e, the pulse d u r a t io n  is longe r , and the

peak c u r r e n t  is less than calculated . The calculated values fo r  50 kV w e r e

102 k A  and 2 . 7 t isec, respect ively.  The laser  output begins  at the time of

the peak c u r r e n t  and the main pulse lasts  fo r  about  2 . 5 t i sec  with a lowe r

i n t e n s i t y  tail ex tending  beyond .

Focused  b u r n  p a t t e r n s  and e n e r g y  m e a s u r e m e n t s  were  obtained wi th

the F a b r y - P e ro t  resona to r with both the 80 and 50~~m r e f l ec t ing  p l a t e s .  The

Ou t p u t  l a se r  rad ia tion  was focused  with an optical-quali ty, f u s e d- s i l i c a  lens of

2 . 2 rn focal  l eng th . The resul t ing spot size of approximately 1 cm diam was

i n d i c a t i v e  of the multimode output  f r o m  the Fabry -Pe ro t  r e sona to r .

The’ l a s e r  pulse en e r g y  obtained wi th  the F a b r y-P e re t  r e s o n a t o r  was

m ea s u r e d  wi th a c al o r i m e t e r - t y p e  l aser  en e r g y  mete r . At 60 kV and 20 T o r r

of C 3F71, the maximum pulse en e r g y  was 7 . 5 i , with the 80~ p late . With a

50~~ p late , however , the maximum pulse e n e r g y  i n c r e a s e d  to 12 . 5 J. Thi s

compares  favorably with the calculated value of 16 . 5 J fo r  the total available

lase r  pulse e n e r g y .  It must  be p r e s u me d  that  the r e sona tor  is not 100~Ho

e f f ic i e n t  in ex t r ac t ing  the total available e n e r g y .  Since th is  comp ar i son  with

the the oret ical  p e r fo r m a n c e  is quite close , other  es t imates , such  as the

d e g re e  of d i s soc ia t ion  and the gain , arc probably also close .
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F i g.  11. Osc i l l o scope  T r a ce s  of L a s e r  Outpat
a~~d F l a s h l a mp  C u r r e n t .  ( Sweep speed
is 1 t i st’c/ cnL)
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VIII . SUMMAR Y

The desi gn and p e r f o r m a n c e  of an annu la r  iodine laser  desi gned to
s tudy ann u l a r  r e sona to r s  at a hi gh F resnel  n u m b e r  has  been  descr ibed . The

l a s e r  medium is pumped by f lash photol y s i s  with a hi gh - i n t e n s ity  f lashlamp

on the axi s of the tube . The l a ser  medium is comple tel y unobs t ruc ted  and

access ib le  to a va r i ety  of l a se r  r e s o n a t o r s . The l ase r  device was des igned

to accept  a fully r e f l e c t i n g  m i r r o r , which covers  the enti m- e a n n u l a r  reg ion

at the hi gh-vol tage  end . The med ium should be qui te  homogeneous  so that

the p e r f o r m a n ce  will not be degraded  by the ga in  medium i tself .

The l a se r  d e s ien  appears  to fulf i l l  all the r e q u i r e m e n t s, and the per-

f o r m a n c e  is close to the theore t i ca l  es t ima t e s .  Thi s l ase r  device , t h e r e f o r e ,
should p rov ide  an x c e l l en t  faci l i ty f o r  tes t ing annu la r  l a se r  r c son a t or s  at
hi g h F re s nel  n u m b e r s .  H o w e v e r , because  the l a se r  is a pulsed device ,
a d j u s t m e n t s  to r e s o n a t o m -  e l ements  canno t  be made in real  t ime. It is
n e c e s s a ry  the r ict r e ’  t ha t  the a l ign m e n t  of the r e sona to r be accomplished with
s u f f i c ien t  p r e c i s i o n  by m e a n s  of e x t e r n a l  ali gnment  devices  and that the

stability of the r e s o n a t o r base ant i op tical e lements  be adequate  to p r e s e r v e
the a l i cn men t .
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APPENDIX A

THRr- :S HOLD GAIN OF CON V ER GIN ~ ;-wA V E ,
t N ST AB L E - C A VI T Y R L S ON A T OR

The a n n u l a r  iodine  l a s e r  was  ini t iall y d e s ign e d  to operate  with a
c o n v e r g i n g-w a ve , u n s t a b l e— c a v i t y  r e s o n a t o r .  It was  n e c e s s a ry  to
ca lcu la te  the t h r e s h o l d  ga in  of th is  r e s o n a t o r  in  o r d e r  to specif y the r e q u i r e d
gai n of the iod ine  l a ser . Fi g u r e  A - I  is an op t ica l  schemat i c d i a g r a m  of the ’
p roposed r e s o n a t o r  con f i g u r a t i o n  wi th the a n n u l a r  iodine  l ase r . The i- e s o n a t o r
was  spec i f i ed  as fol . . \ v s: = 150cm , R 2 = —50 cm , ~ 100 cm , a n d
L = 50 cm . In the absence  of the double— sided coup l ing  m i r r o r , the r o u n d
tr ip  m a g n i f i c a t i o n  (M) of confocal  uns t ab l e  r e s o n a t o r is

M = - ( —
~R 2

Note  tha t  the r a d i u s  (R
2

) of the convex m i r r o r  is c o n s i d e r ed  to be nega t ive
by co n ven t i on .  i i \ e  m a g n i f i c a t i o n  (M 1) for  the d i v e rg i n g  w a v e  portion of

the C f l f l Ve  r e i n L - w a v ’ , u n s t a b l e - c a v ity  r e sona to r is

= M - ~ (M - 1)

and the m a gn i f i c a t i o n  (M
2

) fo r  the pa r a l l e l  beam side eon  be de t e rmi ned

f r o m  the re la t ion

M 1M 2 = M
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D I V E R G I N G  SPHERICAL WAV E O UTPUT BEAM

~~~~~iD0

~~

_ _  

- -

M I R R O R  RADIUS , R2
M I R R O R  RADIUS , R 1 - /--— DOUBLE - SIDED COUPLING M I R R O R

- 

~~~~~ANNULAR GAIN MEDIUM

2

L
FLAT FEEDBACK M I R R O R

NOTE: DIAGRAM IS NOT ro SCALE .

Fig. A- I . Converging-Wave Cavit y S c h e m a t i c  Optical
D i a g r a m
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Chodzk o tie r i ve ’d I  the re la t ion f o r  Lhe U ) t a l  m’ i ’ f l t - ct i v i t y  ( r )  of

the p a r allel be am of the r i ’s  ona to i-

( I  - 1/M i)

( I  - 1/M
2
~

The ca l cul a  t d  v a l u e s  of NI , Ni , and r f o r  a r a n g e  of v a i m  m ’ s  of that  m i uh t

be u s e d  a r t ’ m.~ivt ’n in i’able A — I .

Tab le  . \— 1 . (‘ a l t  h a ted Value s of R e f l e c t i v i t y  and Thesholci  Ga in

NI 1 NI 7 r

0 . 2 5  2 . 50 1 .2 0  0 .~~- 137S 0 . 0 0 (4 5 5 / c m

0 . ~~ 2 . 00 1 . ~0 )~ ~2 SQ 0 . 00 S4()~ 7cm

0. 7 i . ~0 ~ . 00 0 . K 4 3 7 5  0 . 0 O 1 ’ 6 5/ c m

F o r  th - e alc i lat i on  of tim re  shold ~ai a .  the i - I f - c  t ive a ’f 1~-ct iv i  tv ( r  ) uTIU S t be
C

h O d . It is  the U 0 ( ! ’ l C t  of r above ant! the -  actual  s u r f a ce  rm f l m ’ c t i v i t \  p lus

w i n d o . ab s orp ~~on , and r = r r  . It is as sumed that  r 0. SO. T he-
mu 01

th m - . ’shcld  ca in p ( - r  u n i t  l e n g t h  is

= — - -
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APPENDIX B

C r R R I ~NT M l - : A S U R 1~ M 1:N T  P R O B E

M e a s u r e m e n t  of the f lashlamnp en r r en t  was accomp l i shed  with a s mal l

c u r r e n t  p robe  locate d ins ide  the e l e c t r o de  h o u s i n g  n e a r  the co m -n e r . 1 l i e  s ign a l

f r o m  the’ c u r r e n t  probe ’  is p ropor t iona l  to dIB /d t  and th i s to dl l i l t :  t h e r m  —

f o r e , the s iu n a l  m u s t  be i n t e g r a t e d  to display the c u r r e nt p u l s e  on an

osci l loscope.

The c u r r e n t  p r o b e  was  made  b y winding  fou r t u r n s  of f i n t ’  F o r i i m v a r

i n su l a t ed  w i t - c on a No . 1 0— 2 4  ny lon s c r e w .  The twisted L a d s  w e r e  the n

c o n n e c t e d  to a N L c r o d o t  coax ia l -cab le  c o n n e c t o r moun ted  t h r o u gh the h o u s i ng .

A r e q u i re - me i t tha t  the p robe  coil s igna l  he p r o p o r t i o n a l  to dB /d t  is that

L <-~~ Z , w h e r e  Z is the  impedanc e of tht -  c o a xi a l  cable - t h a t  c a r r i e s  the
0 0

s ignal  to the oscil losc opt - . Ii was ca lcula ted  that  the indu  lance of the p robe

coil was 0 . 042 ~ H; t h e r e f o r e , w = Z / L  = ~4 /0 . 042 ~ 10
_ U  

1/286 - 10 , and

= ~~~/Z~ = 2 t o 8 Hz .  Since the Tek t ron ix  Type S5 1 osc i l loscope has  a

band~vit !th of onl y 30 MHz , the i - e q u i r e m e n t  thai  ~~ L ‘
~ Z 0 is fulfi l lcc! .

Th e p robe  coil is  lo cat , ’d ap pr o x i m a t e l y 6 cm f r o m  the f l a shlamp

axis.  The m a c n c  t ic f ie ld is

B = ~ I 3. 3333 ~ - 1O~~~I ( Wb / m 2 )

The output  of the p robe ’  coil i s  V = N A  dB / d t , ~vhe re -  N is the n u m b e r  of

t u r n s , and A is the c r o s s - s e c t i o n a l  a r e a  of the coil. NA = 16r - 10 6
m ;

thus , V
1 

= 1. 675 10~~~~ dl I/ ( i t .  The i n t eg r a t i n g  c i r c u i t  c o n s i s t s  of a 10-k.T

r e s i s to r and a 0. 0 1 -t iF c a p a c i tor , giving a t ime cons t an t  of 100 t i sec, w h i c h

is m o r e -  t h a n  adequate f o r  the s -  m e a s u r e m e n t s .  The si gnal  output  f r o m  the

i n t e g r a t or  is

-4 9-
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V 2 =~~~~fV 1dt t . 6 7 5 x

or

I = 6 x 1 0 5V 2

The probe coil was not calibra ted to verify the calculated constant of

prop ortionality , but the above relation shoul d be fairly close.

-so-
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THE I VA N A . CETT INC LABO RA TO RIL S

The Laboratory Operations of The Aerospace Corporation is conducting
experi mental and theoretical investigations necessa ry for the evaluation and
app lication of sc ient i f ic  advances to new military concepts and system s .  Ver-
sat i l i ty  and flexibility have been developed to a hig h degree by the laboratory
personnel in dealing with the many problems encountered in the nation ’ s rapidl y
developing space and missile sys t ems. Ex pertise in the latest scientific devel-
opmen s is vital to the accomplishment of task s  relat ’-d to these problems , The
laboratorie , that contribute to this research are:

Aerop hy~ics Laboratory : Launch and reentry aerodynamics , heat trans-
fer , reentry phys ic s , chemical ki netic s , structural mechanics , flight dynamics ,
atmosp heric pollution, and hig h-power gas lasers.

Chemistry and Physics Laboratory : Atmosp heric reactions and atmos-
pheric optics , chemical react io ns in po lluted atmospheres , chemi c al reactions
of excited species in rocket plumes , chemical thermod ynamics , plasma and
laser-induced reactions , laser chemistry, propulsion chemistry, space vacuum
and radiation effects on material a , lubrication and surface phenomena , photo-
sensitiv i , e -materials and sensors , high precision laser ranging, and the appli-
cation of phy t ics and chemistry to problems of law enforcement and biomedicine.

Electronics Research Laboratory : Electromagnetic theory, devices , and
propagation phenomena , including plasma electromagnet i cs;  quantum electronic s ,
laser s , and electro-op t ics; communication sciences , app lied electronics , semi-
conducting. super i-~ nducti ng, and crystal device physics , optical and acoustical
imaging; atmos rilm eric pollution ; mill imeter wave and far-infrared tec hnology.

Materials Sciences Laboratory : Development of new material.; metal
matri ’c composites and new forms of carbon; test and evaluation of graphite
and ceramics in reentry ; spacecr aft materials and electronic components in
nuclear weapons environment ; application of fracture mechanics to s t ress cor-
rosion and fati gue-induced fract ures in structural metals .

Space Sciences Laboratory: At m osp heric and ionosp heric physic. , radia-
tion from the atmosp here , density and composition of the atmosp here , aurorae
and airg iow ; magnetosp heric physics , cosmic rays , generation and propagation
of plasma waves in the magnetos phere; solar physics , studies of solar magnetic
fields; spac e astronomy, x - ray astronomy; the effects of nuclear explosions ,
magnetic storms , and solar activity on the earth’ s atmosp here , ionosp her ,~, and
magnetosp here; the effects of optical , electromagne ti c , and particulate radia-
tions in  space on space systems.

THE AEROSPACE CORPORATION
El Segundo , California
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