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SECTION I

INTROI)UCTION

The obj ect ive of the Ca rbon Dy nam ic R esponse  (C A DR E ) Pr o g r a m

was to unde r s t and  and l ea rn  how to predict  the thermomechanica l  behavior of

ca rb on phenolic and ca rbon-ca rbon  composites.  To meet this objective , an

ef for t  was under taken  to meld new and existing data f rom unde rg round  tes t ing ,

elec t ron  beam expe r iments , and gas gun measu remen t s  into a comprehensive

whole; these  results  were  than used to test  the predic t ive  ability of impulse

and st r e s s  propagat ion models. Mater ia ls  studied were  two dimensional  carbon

phenolic (ZDCP )  and th ree  d imens iona l  c a r bo n - c a r b o n  (3DCC ). S imul taneously,

a stud y was unde r t aken  at Sys t ems , Sc ience , and Software , La Jolla , Ca li forn ia,

to examine three  d imens iona l  carbon phenolic  (3DC P).

C A D R E  was c a r r i e d  out in an e x p e r i m e n t a l  and an analyt ical  t a s k .

The e x p e r i m e n t a l  work c o n s i s t ed  of o b t a i n i n g  impulse  and s t r e s s - t i m e  data

on 2DCP and 3DCC in a v a r i e t y  of e l e c t r o n  beam e n v i r o n m e n t s, and of at tempt-

ing to d e t e r m i n e  the  G r u n e i s e n  p a r a m e t e r  f o r  both m a t e r i al s  u n d e r  c o n d i t i o n s

of qu a s i - i s o v o l u m e t r i c  h e a t i n g .  D u r i n g  the  c o u r s e  of the p r o g r a m  it became

clear  that  I - Iugoniot  d a t a  ava i lab le  f r o m  the l i t e r a t u r e  w e r e  i n s u f f i c i e n t  to

suppor t  a c a r e f u l  mode l ing  e f f o r t , and  a d d i t i o n a l  ~ as gun  data  w e r e  a c c o r d i n g ly

taken at t h e  A i r  Force  Weapons  L a b o ra t o r y  (A F WL )  impac t  faci1i~y.

The ana l y t i ca l  p o r t i o n  of CADR E e n d e a v o r e d  to  deve lop  a semi-

empi r i c a l  model  f o r  at  r e s s  p r o p a g a t i o n  in 2 DCP  based  upon a modi f ied  ve r s ion

of PUI”F .  C o r r e l a t i o n  b e t w een  i f l ;p l I l  se p r e d i c t i o n s  and m e a s u r e m e n t s  were

made  f o r  s e v e r a l  m o d e l s  u s i n g  u n d e r g r o u n d  t e s t  and e l e c t r o n  beam data.

B e c a u s e  t h e  w o r k  f e l l  n a t u r a l l y i n t o  e x p e r i m e n t a l  and ana l y t i c a l

phas  -s , t h i s  d i - ;  i s i on  h a s  been  m a i n t a i n e d  f o r  p u r p o s e s  of r e p o r t i n g .  This

d o c u t i  en t  p r e a l - I f  s r e s u l t s  of e l ec t  r o n  beam m e a s u r e m e n t s ;  m ode l ing  and

a n ai~’ sis of n ;; t ~ t r i ;  1 b -h a y  io r w i l l  he c ov e r e d  in a s e p a r a t e  r e p o r t .

1
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SECTION II

E L E C T R O N  BEAM TESTING M A T R I X

This report describes electron beam testing carried out on 2DCP

and 3DCC using the facilities of Ion Ph ys ics  R a d i a t i o n  E f f e c t s  L a b or a t o r y .

Addi t ional  work on these same mater ia ls , sponso r ed by A F W L , was c o n du c t e d
at the  Naval R e s e a r c h  Laborato ry  (N R L )  as a suppor t i ng  e f f o r t  and  has been
repor ted  upon in r e f e r en c e  1. At N R L , impulse  and r e a r  s ur f a c e  s t r e s s - t i m e
h i s t o r i e s  were  m e a s u r e d  at an e l ec t ron  f l uen c e  n e a r  300 ca l/cm 2 

wi th  a beam
whose mean  e n e r g y  was n o m i n a l ly 500 keV.

A m a t r i x  of the  CADR E e x p e r i m e n t s, exc lus ive  of those  unde r -
t aken  at N R L , is shown in Table 1 . In 2DCP , this m a t r i x  was des i gned to
provide  fo r  a p r o g r e s s i o n  of dose  l eve l s  r a ng i n g  f r o m  the  v a p o r i z at i o n  t h r es h o l d
of phenol ic  up to and  beyond  t h e  point  at which both r e s i n  and g r a p hi te  v ap o r i z e
s i m u l t a n e o u s ly. It t h e r e f o r e  p r o v i d e d  f o r  data  u n d e r  c o n d it i o n s  f r o m  p u r e
the rma l  shock to vapo r  d o m i n at e d  b lowoff ; c o nt r i b u t i o n s to i m p u l s e  and s t r e s s
his tor ies  f r o m  n ori-b l o\voff , f r o m  f r o nt  s u r f a c e  s p a llat i o n  or “j u m p o f f ” , f r o m
s ing le  phase  v ap o r i z a t i o n , and f r o m  v ap o r i z a t i o n  of both ph a s e s  could  all be
s tud ied .

Tac t ica l  s i t u a t i o n s  for  which  t h e  r e s p o n s e  of ZDC I~ would be dom-
ina t ed  by t h e r m a l  s h o ck  or b lowout  of t he  r e s in  a lone  c o r r es p o n d  to subs tan t ia l
i n - d ep t h  hea t ing  wi th  r e l a t i v e ly low su r f a c e  doses .  These  c o n d i t i o n s  a re  rep-
r e s e n t e d  by the  30 , (‘0 , and  100 ( -a l/ c m 750 k cV  t e s t i n g  in our  m at r i x .  The
f lu e n c e s  i n d ic a t e d  c o r re sp o n d  to  peak dose s  of about  200 ca l  “g m  ( inc i p i ent
v a p O r i  i at i on  of pheno l ic -  ), 300 ca ]  “ n u , and  -15 0 c a l/ gm  (two p o i n t s  in t h e  r e T i o n
of i n — d c  pth s i n p i  e p h a se  b lowou t  of t h e  r e s i n ) .

V a p o r  d om i n a t  011 i t i l t ’ r ~- opt  a a r e  d c  f i n e d  by h i g h  a n  r f a c  c d o s e s  a nd
r e l a t i v e l y shal low 1)cnet r at ~ o i f .  ‘r e s t i n ~ at elect  ron  e n er g i e s  ne ;t  r ~ 00 ke V
was  i n c l u d ed  to  ex a  m i n e  c a s t ’ s  of t h i s  t y p e .  At 20 c a l/ c m 2

, 200 ~( F V peak d os es

2
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T A B LE  1

E X P E R I M E N T  M A T R I X

Target Mean Flucnce , M c a s u rc r n,,ent
M a t er i a l  E n e r gy ,  c a l / c m 2 T~~~es

k eV

20 1, 0

~I V C P  200 60 I , a

130 1 , 0

( -0 I , a
3DCC’ 100 I , a

130 1, 0

30 1, 0

TW CI ’  750 60 1 , a

100 1, 0

10
TV C1 3000 -~

10
i I)CC 3000

40

J i np u l s e

0 - t r e s s  t u i r e

7 -
~ c ; r I i e ’~~~; ( ’ r 1  a u -  as  ! ‘ e i t c U
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were about 600 cal/gm ; this value was close to that achieved at 100 cal /cni
2
,

750 keV , and provided a point of near overlap between t e s t i n g  with a s u r f a c e

dose and in-depth heating .

From this point at 20 cal/cm
2 , the matrix indicates  an increase

to 60 cal /cm 2 (or ab out 1500 cal / g m ) ,  which is at or near  the inci pient

vaporizat i on energy of g raphite . At this f luence , sens itivit y to threshold

e f f e c t s  in r e f r a c t o r i e3  should be g r ea t e s t , and blowoff of g r a phite will be

accompanied by violent removal of superhea ted  phenolic . The hig hes t  s u r f a c e

dose which can p resen t ly be achieved with e lec t ron  beams over a r easonab le

work ing  a rea  c o r r e s p o n d s  to 130 c a l / c m
2 

on Nep tune  (approximate ly 4500 ca l /gm

ove r a 0 . 7 5 - i n c h  d iam e te r  spot) . It was the object ive of this  point  in the

matr ix  to stud y the r e s p o n s e  of 2DCP when i m p u l s e  p r o d u c e d  by both phases

is vapor dominated .

Tes t i ng  of 3DCC was l imi ted  to cond i t ions  in the v ic in i ty of or

hi gher  than the v a p o r i z a t i o n  t h r e s h o l d  of g r a p hi te ; t h e r e f o r e  e x p e r i m e n t s

using 200 kcV mean  e n e r g y  e l e c t r o n s  wer e  emp h a s i z ed . Fluencc ’ s c h o s e n

ranged f r o m  a value d e s i g n e d  to g ive s u r f a c e  closes near  the  point  of inc i p ien t

vapor i za t ion  up to 130 c a l / c m
2

, c o r r e s p o n d i n g  to the hi g hes t  dose which

could be c o n s i s t e n t ly ach ieved  over a r e a s o n a b l e  work ing  a r e a .  When 3DCC

tc~~cing was ini t ia~ edl , f i r s t  rnea ,~u r e i ne nt s  w e re  n ,~.dc at 130 c a l / c m
2 

because

l a r g e s t  r e s p o n s e s  we re expec ted  at th i s  level  . In p r ac t i c e , it was found  tha t

s i g n a l s  gene  ra ted w e r e  not s u b s t a n t i a l l y above back g r o u n d . F r o m  this  r e s u l t

it became  apparen t  that  the value of t e s t i n g  at lower  flu c n ce s  would  be neg l i g ible ,

and the 60 and 100 c a l / c m
2 p o r t i ons  of the 31)CC ma t r ix  w e r e  a c c o r d i n g ly

d e l e t e d

Q u a n t i t i e s  r c c o r d c -d  in e xj n ’  r i n i e n t s  c o n d u c t e d  at 200 and 750 I; t V

v ; -  rc inipu l s  e and rca  r s u r f a c e  s t re s s  — t i m e  I t i s t o  r i  E S  . In  p u l s e  was r i i e a s u  r ed

v ;i th i  ii h n I l ] i s t  a p e n d u l u m  u s i n g  s an ip l -  c- o n c t r u c t i u n  a n d  m o u n t i n g  t m - t hu d s

c1 - v ~~l~~~1-d u u d c - r  a 1> r c v l o n - ~~~~ r a m  and d i s cu s s e d  in r e f er e n c e  ~ . A v a r i e t y

of t r e  as  g ;i  g in g  I t  ch i n  i qu e s  we Fe i - x a t i i  in c -cl  dci r i n g  the  con i~s t- of the  c- f f u  rt

i n c l u ( h i , l , ’ i n t c - r f - r o r n ~’ t r y  , p i c / ( ’r e s i s t i v ( - e - l e i i i - n t i - i  , ant i  q u a r t ~ c r1-~- t ; t l s  , b u t

_____ -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ 1_~_t~ - - ~
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bulk of the histories reported here  w e r e  t aken  wi th  the l a t t e r .

T he p r imary  exception to this  was the  need fo r  i n t e r f e r om e t ry  to

r ead t he low s t r e s se s  a s soc i a t ed  with i sovo lume t r i c  hea t ing  exper iments  made

on 2DCP and 31)CC using a 3 MeV beam . The purpose  of these exper iments ,

car ried out at 10 and 40 cal/cm
2
, wa s to dete rmi ne d ynamic Gruneisen

parameters for the two materials

Testing utilized Ion Physics FX - 35 and upgradled Neptune facilities ,

both of which have been described in detail elsewhere~
2’3

~ . Neptune-C is a

low impedance pu l se r  which can produce electron spectra having mean energ ies

in the range 100 to 500 keV ; it will s t o r e  up to 15 ,000 joules and will deliver

5 ,000 joule  e lec t ron  beam at the diode . With a ma tched  load , cu rre nts in

excess of 200 k i l o amp e r e s  can be g E - n e  r a t e d .  Us ing  n e u t r a l  gas beam d r i f t i ng

technique s , energy flue nce s UI) to 150 c a l / c m
2 

can be placed into  a 3 cni 3 spot ,

100 cal /cm 2 into 5 cm
2

, and 30 c a l / c m
2 

into  18 cm
2
. With  bar cathodes it

has been poss ib le  to i r r a d i a t e  r e c t a n g u l a r  a reas  1 cm wide by 10 cm long v. i th

f l u e n ce s  UI) to 25 c a l / cm
2

. W i d t h  of t h e  po\vE ’ r pu l s e  is abou t  70 n a n os e c  onci s

at half ma x i m u m .

B e c a u s e  of i ts uni que des i gn , Nep tune  has p r o v e n  to he a ve ry

r ep r o d u c i b l e  and t r oub l e  f r e e  mach ine . S h o t - t o - s h o t  v a r i a t i o n  in beam e n e rgy

is + 5 perce~’t or 1~~ss, ma!;ing p r 3 t  ‘1e  cr r e fu l l v  c o n t r ol l e d  e h) er~ m e n ts .

Command sw i t c h in i ~ at all stages of energy flo~a’ allows jitter between the

initial firing signal  a n d  beam em e r g e n c E -  to be h e l d  to a ± 5 n a n o s e c o n d s  RM S

M e c h a n i c a l  t r an s i  c - itt ; ; at firing arc’ m n i n im i z ed l  by co n d u c t i n g  all s w i t c h i ng

ope ra t ions  in gas:  t h i s  c on s i d e r a t i o n  can  be i m p o r t a n t  fo r  expe r imen ts that

m u s t  be ; I i c -d in p r o x i m i ty  to the  m a c h i n e  or that  m u s t  r ema in  al i gned  d u r i n g

the  p u l s e

Titi ’ 1- ’ X —  ~5 was  d e s i g n e d  as a source of hi gh  m t a g e  b r en i sa t  r a h i u n g

p h o t o n s  . In t l i  - - I , - c t  r on  1 ) (  a Tf l  in ode , a p o e t  r;t  ma n g i n g  in t ’an  e n e r gy  f r o nt

‘ O ()  I - - \ to 3 . it,l -\ ~ a i t  I n -  O l)t Ii i i  . I- ’] nc -nc  c s  d e p e n d  on the deg r ee of

p in c i t :  t \ p i ( - a l  v a l ue s  a r c  1 ( I ( )  cal/ emil
? 

(F V 1 I cm
2
, (0 c a l / c m

2 
over  2 cm

2
,

3 1 )  c a l  Ic - i t ;  o v e r  3 cm
2

, ,~,o I I o v ; t - r  f l w - t ’ c - s  ovc- r c - o r r c ’ sp o m i ~1i n g l y l a r g - r  a reas .

— I ‘ u I S ( - v  ‘ I t l i  i i  t h e  b; ~~- ; t t i i  i~~ot I t ’  j s  .i ht ,ci t  ~1() n , i t i ( F . , - con d s

~~~~~~~~~~~~~~~~~~ ~~~~~~~ 
________ - ~~~~~~~~ - ~~~~~~~~~~. - ,~~~.



FX -35 s t o r e s  2 .5 k i l o j o u le s  and uncl e r matched  cond i t ions  will g ive

a currc -nt of 55 k i l o amp e re s  . Like N e p t u n e , FX-35 offers exccllent shot-to-

shot reproducibility .

F 
Details of experiment c h a m b e r  c o n f i g u r a t io n s  f o r  both ma c hi ne s

have been d e s c r i b e d  in re f e r e n c e  2; setup s used th roug hout  this  work we r e

sim ila r to those  ( I i S CU SS C ’d l  in the r e f e r e n c e .
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SECTION III

C;RUNEISEN EXPE1~~M ~~‘~~S

3.1 Experiment Design

The G r uen c i s e n  p a r a m e te r  is def inedi  as

G (E ,V )  V (
~ ~~~ 

) ( 1)

w h e r e  E = e n e r g y  d e n s i ty

V = s p e c i f i c  v o l ume

P = p r c - s s u r e

As s u m i n g  r e f e r ence  s t a te s  of z e r o  p r es s u r e  and i n t e r n a l  e n e r g y ,

equation (1) can be approxit :ait - ’.( Lv :

G -~- 1~L \  (2)
P -

0

The G r un c i s c n  p a r a n a - t e r  cou ld  t l i c-  r e f o r c - be d e t e r m i n e d  d i r e c t l y

f r o n t  an - xp e r i me n t  in wh ich  m a t e r i al  ~V~~S Sc - ; ; t t d  i s o v o l un i e t r i c a l l y to a u n i—

f o r m  e ner g y  d e n s i ty  E and thc- c o r r e s p o n d i ng  i~~t e m n a l  p r e s s u r e  r e c o r r b - i (  . I t ;

p r a c t i c e , t I ;  i idea liz  c d  expc ; r in i en t  c a n  onl y he ap p  m u \ i m n  at . Qaus i —

i s o v o l ut  c -I  r i  e h c - ; t  ; m i g  c a n  h~ - ohtai n c - d  b y i n j & - c  t I ng u i t i -  rg y lo t  o thc- t a rg et  in a

pcils - \ ‘j 0 i ç  \‘, i t l t (  ~~ ~~~~~~ c u n ;~~aN  ~ ~~ ~~~ ~~~~~~~~~~ r e c lu ~~~ed f or s u b s t a n t i a l  5 F 
~
- 

~~~

r e l i e f ;  r e l i e f  I n - c o i n t -;; ‘ subs t ; n l  i ; ; l ’  ~vIien th ~ t l i i c~ni e- -- s  of n ; t e r ; a l  a f f e c t e d

r o i t e l i l y t i n  s a u t e  as t h e  t 1 t i c ~~n t - ; - s  v - l i c l ;  i s  l ) t - i l n ’ h e a t e d .  I - o r  c - I ’  c t r o n  In

in  r t t i n g  , 1 5 ’ -  c o i i d i t i u m i s  n - e t - S s a r y  I : ’  2 l o p r o X i I i i t t - i s e v o l  n - ’ -  I n c  } i , - ; ; t : t ’  c - a n

I l u - r - f c re U , -  c 1’~~~~l i f i ~-d b y j~~sj ;  t ; t i g t ( n t  1 :  - d l i s t ; I l t C (  r e l i c - f w a v es  t r a v e l
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d u r i n g  the  pulse is sm all compared to the electron range , or

( 3 )
R

Here c is sou nd speed in the  t a rge t  mater ia l, r e lec t ron  beam pul se
width , and R r ange .  I f  i t  is demanded that

the necessa ry range can be calculated andi the  c o r re s p on d i n g  mean  e n e rg y

d e t e r m i n e d, thus  speci f y ing the  type  of e l ec t ron  e n v ir o n m e n t  needed .

Taking the sound speed of ca rbon  ph enolic  as 4. 2 x I ~~~~~~~ c mn/ns ,

the va lue  g iven by K ohn ~~~, and i u s i ng  50 ns  as be ing  typ ica l  of e l e c t r o n  beam

pulsewid ths, then it is found  that r a n g e  mus t  sa t i s f y the  r e q u i r e m e n t

R 0 . 2 1 c m

Spencer ~~~ g ives r a n g e - e n e rg y  r e l a t i o n s  for  m o n o e n e r g e t i c  e l e c t r o n s

inc iden t  at z e ro  ang le f r o m  a pl a n a r  s o u r c e ;  his da ta  1-t ave  been p lot ted in F ig u r e

1 t o r  carbon.  E n t e r i n g  t h i s  fi g u r e  w i t h  a r a n g e  of 0 . 2 1  cm shows tha t  t he

c o r r e s p o n d i n g  e n e rg y  is about  1 lc IeV.  A re la t ive ly hi gh e n e rg y  beam is

t h e r e f o r e  r e qu i r e d  to meet  the  r e q u i r e m en t  f o r  q u a s i - i s ov o lu -rn e t r ic  hea t ing .

A hi g h e n e r gy  beam is also n e c e s s a ry  to a p p r o x i m a t e  t h e  cond i t ion

of u n i f o r m  h e a t i n g  t h r o u g hou t  t h e  t a r g e t  vo lume.  Fig u r e  2 shows depos i t ion

pro f i l e s  plo t ted  fo r  ?. 6 \ (~~V and  1. 5 M e V  e lect ron  beams.  This  plot shows

tha t  it is poss ib le  to o b t a i n  a d iep o s i t i o n  p r o f i l e  which  is v e ry  n e a r l y f la t  over  a

s u b s t a n t i a l  dep th  by r u i n g  t o  a hi g h e n e r g y  beam . The 4. 5 \ I eV  p r o f i l e

is u n i f o r m  to wi tb i i  ii 1 0 p e r t  cml oc be t i  or  f r o m  t h e  su i f a c e  t o  a d e p t h ;  of abou t
2

1. -1 t’ ni/ c  in

F’i gu i -~~- ? s h ow s  I ha t  a ‘. I N I L - V  h - ~ i i i  wil l  g ive  a p r o f i le  f l a t  t o

wi th  ii ~~
- i o~ over  t~~ r - ion r e ad  liii ;; - to ah i ou t  0. ~ g m i ; /  ii~~~~. l-’o r mat  c-r i  ~t l

whose  d e n s i t y  i s  i i i  I l i e  v i c  i t ;  i t  V of 1 .5 gm/ crn 3
~, 0. ~ g ni/c ~~ c o r r e s p o n d  a to

8
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a t h i c k n e s s  of a b o u t  0. 3 c i r i .  This  would be t h e  m a x i m u m  carbon phenolic-

t h i c k n e s s  u sab le  at ?. f M e \ - ’ w i t h o u t  e x c e ed i n g  a dose  v a r i a t i o n

of 10 . Emp loy  i n c  Nob n ’ s value of sound  speed w i t h  t iic - 40 ns b a s e l i n e — t o  —

b a s e l i ne  p u l se~v ic1t h of t h e  F X - 3 5  g i ve s  a r e l i e f  dep th  of 0. 0 17 cm. The r a t io

of t a r e  c ’t t h i c k n e s s  to  re l ie f  depth  would the  r e - fo re  be about

-~~~~~~~ 
~~ 20.

c T

Whi l e  t h i s  c a l c u l a t i o n  shows tha t  e it h e r  dose  p ro f i l e  dep ic ted  in

Fig u r e  2 p r o v i d l e s  a c c e p t a b l e  close u n i f o r m i t y  over  m a t e r i a l  d e p t h s  adequa te

f o r  the  exp e  r i r n e n t , it would a p p ear  at f i r s t  g l a n c e  t h a t  t he  -1. 5 M eV bea m

en joys  an a d v a n t a g e  b e c a u s e  it is f l a t  ove r  a l a r g e r  r eg ion. In p r a c t i c e  it

is t h e  c a se  t h a t  a c o m p r o m i s e  m u s t  bc s t r u c k  i ’c - tv : t -en  u n i f o r m i t y and dep th

of p e n e t r a t i o n ;  f o r  b e a n i s  of l i m i t  c - I  dia ;  i - e l  or , d e e p e r  P c t ~ t r a t i o n  imp lies  a

i- ; -~I u c t i o n  in c t ; ; - d it u c t o ; i o n a l  i-~ - a r 1  t i m e  at t h -  n ;e a su r in g  p e l t - I  if t h is p o in t

mus t  bc o u t s i d e  r a ne  c .  B e c a u s e  I lie m t  - i - fe  t o t  n e t  n c  te -h n i q u c - u sed  h e r e

r e q u i r e d  an u t H  i n I  rb ed  r e f l  e et i n g  so r f a c e , U S C  of a 1. 5 \ I  eV b e a m  would

b an e  pl aced  t h e  t H e a  su m i n e  po in t  in a reg  ion of \ c i  ry sito rI r ead  t ime .  For

-t t e t  son ~he le’~~ r ‘n ea t ’  enere ’-  ~ -~ani  v -a s  p r o  for  red.

To s t ud  v c -n e  t -gy  d e p e n d c - n e  e of the  G r u n e i s  en p a r ar n e te  r , close

s t ;nul 1 be v a r i e d  front I l c a t I’ Z e r o  to  a v a lu e  high  enoug h t o  v e r g e -  on t l , e  p r o d u c —

t i o m ;  of i m p u l s e  by v ap or i ~n ;t  i on .  M e ;,  s u r c - mn e n t s  made  at v e ry  low doses  s e rve

as a c h e c k  on t h e  F - \ p ~- r i n 1 e n t a l  t~~c -t an i  by g i c i n ; ’  a Gr u n e i sen  c o n s t a n t  c lose to

t i n  r o o t ; ;  t - n ; c ! t- t u r , - \ - a l ;t e  de l  - r n i i n , - ’ I  b~ s- and l a ;-d m e t h o d s .  h i g h ;lose  e’: —

~‘c- r i m t i e i f  ar t - i i ; - e e s s ar v  I n  eh a r a t c  r i - ; .  i-m t + e r i a l  l o - i l a v i o r  up  t o  t i n ’  t i ; r c - s l ; o l d

of t b -  I i - ; n s i t i o n  f r o n t  t i a - n m n o n ;~- c - h a n i c a l I v  d o m n i m i a t e d  t o  b lowof f  d o n ; i t ’ : t , - I

po l l s

( n n d i ’ i o n s  a c - l u a l i v  b o s on  \- , - r ; ’ h i ; ; j t ~ - l  to  f l u e m o - e s  \v i ; i t  i t  c , ’n ld

h~- o b t a i n ; - ’ l  r , ]~ a I d v  \ - ; i f h l  good  s ; ’ ; t  m l  u i i f c ’ n ; ; ; i t v  o-~- e r  a b c-am d i a t n e t e r  g r e ’at

p r o F / i d - a u  a - c -~~l ; h l ~- t - , -ad  t i m ’ . For  t 1 ~ i— ’ N —  Y~ o p e r a l i m i t  at  3

h i j ~’h e - ~t f l m - i ; c e  f o ’ t n d l  t o  O I F - , - t  t i n - s e  n t  e l - I F  w a s  40 eal -’ n ;~ . A l t u n d r ~- 1  c a l / c i t ’

I I

~~~~~ ~~~~~~~~~~ ~~ --  
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would be n e c e ’- sa r y  to  r each  the  po in t  of t r a n s i t i o n  fr o m  t h e r m o me c ha n i ca i
dom inated to h iowoff  d o mi n a te d  respon se ’  in 2D C P , and 1000 cal/c m

2 
to reach

this  same p oint  in ~DCC.

The lowest  dose ~vhi -h can r easo na bl y be s p e c i f i ed  is d e p e n d e n t
upon the  m in i m u m  st r e s s  level m e as u r a b l e  with  t h e  t e c h n i que sele cted to
moni tor  shock h i s t or i e s .  A l ase r  i n t e r f e r o n - t o t e r  o p e r a t i n g  in t h e  d i sp la c e -
nient mode appears to be the most sensitive of these techni que-s. An estimate
of the lowe st dose which will produce a stress measurable wit h a position-
mod e interferorneft;r can be n-tacit- as follows . Ideally, at lea’d one oscillation
f r o m  m i n im um to m a x i mu m  li ght Ic-vo l should occur durin g the ’  shock  p u l s e —
wid th ;  t h i s  c o rr e sp o n d s  to a c h a ng e  in posi t ion of t he  s u r f a ;  c be ing  m o n i t o r e d
of a q u a r t e r  v- av e l e n gt h  and  p r o d u c e s  ha l f  a f r i n e c - in t i ; e  i n t c - r f e r o r n e t e r  output .
It is d e s i r a b l e  to r e c or d  more  than  half  a f r i n g e - , hut  t h i s  r ep r e s e n t s  a m i n im u m .
The e xp r e s s i o n  r e l a t i n g  m ir r o r  v e l o c i t y and i  f r i n g e  r a t ; -  f o r  a pos i t i on  i nt e r -
f e r o n- t c t e -r is :

u ~~- F  (-1 )

r c-  X is t h e  i n s , - r way  e i e n g t h  and  i t h e  f r i n g i n e  r a t e .
T b - ; r ~~f o re , a s sun i i ’- - a shock  pu l s  - i i d ~ h eq u a l  to  ~~~ r e l ic t w a v e

raui s it t i m e  a c r os s  t h e  t h t i c 5  n e s s  of t he u n i f o r m  d o se  r e g i o n , a n d  d e n  a i d i n g
~l n f  at l ea s t  h a l f  ;t f r i t ; ~~e be rea d  d u r i t i ;  t h e  p u l s e  g i v e s  as  a m i n im u r ~;

~ a r t ic lc ;  \ , ~h ; ,  i t V

A i~~’ X cU - ( -
~~ 

- )  ( -~~- i - 
- - ) (5 ti t i t  l x

c

T h e  sy n it ~;!s are x ni - c - ’  t h ; j c - T- ; ne - ; s  a m i d  c so~i m i d  5 1)00( 1.

In h o , -  nj , ; - r l  t l ; - o t - v ,  t h i s  ‘j i m l i t n u n ,  p a r t i c l e ’  v e l o c i t y  c a n  1 -  r p l a t c - i
t o  s t r e s s  in t h e  I - i  ; n - t  by t i  ‘ \ p r e s s i o i ; :

~~~ + l~~
l t  . ( -- -- - - — — —- - ) u . (~ - )t oni 2 ‘; in

I -
)

- -~~~~~~~~~~~ --—,‘--. -- . - . -~~ 
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w h e r e  
~

- T is the  t a r g e t  in i p ec l an c - c a i d  
~~B 

is the impedance of the substrate

upon which the  t a rg e t  is plac eel . We can a lso wr i t e :

P . = p G E  . = p G E~~~ . (7 )n-un m m mm

where  E . is the minimum dose , ~ . the m i n i m u m  f l u e n ce , and E themimi mm
normalized peak do se characteristic of the beam being considered. Using (5)

in (6) and equating (6) and (7) g iv es:

(Z + Z )
-
~~ . = 0. 125 - 

T 
- 

B c ( 8)n-tin 
GE p x

For IPC’ s F X — 3 5  the  p a r a m e t e r s  which go in to  equa t ion  ( 8 )  a r e  g iven

below :

Lase r  wave l e ng t h , cm = 6. 3 x l0~~

Targe t  t h i c k ne s s , gm/ cm 2 
= 0. 5

2N o r m a l i z e d  peak dose , cm = 1 . 4
g m

Equat ion  ( 8 )  shows tha t  m i n i m u m  fluence is inversely proportional

t ’ the va lue  of th ,~ C. ~-u n e i se n  c o n s t a n t ; an e s t i m a te  of G is  n e e d e d  to e s t i m a t e

Chabai  h as  d e t e r m i n e d  tha t  t he  G r u n e is e n  c o n s t a n t  f o r  ca rbon  is aboutm in

0. 3; u s i n g  t h i s  v a l u e  wi th  t h e  n u m b e r s  t a b u l a t e d  above and t h e  o t h e r  p a r a m e t e r s

l i s t ed  below g iv e s  a m i n i m u m  f l u en c e  f or  the  I-’X -  35 of about  8 ca l/cm
2
. A

r e a s o n a b l e m i n i m u m  f l u e n c c -  was the  mt - f o r e  chosen  to be about 10 cal/c m 2.

- i s  oi~~t l  C- o mm ui i  i -a t  ioi , I )  r . A. ( i i a ba i , S;i rid i n I ~abo rot ( t i - i  05 ,

A l bu qu  e rqu e , N t - v  N b - \ i  Co.

- 
_ ~~~~~~~~~~~~~~~ 
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P r o p e r t y  V a l u e  C o m m e n t

~~
- e m i l

/ ~~ , T a ree t  i m p e d a n c e  t i . 6~ x h o E o h n ’ s v a l u e  f o r  CP
I 

- c m -fl — S e c

1 , B a c k e r  i m ped a n c e  1. 52  x 10
0 ~~~~~ K oh i n ’ s v a l u e  f o r  q u a r t ;—

B I cm — S e;

c , T a r g e t s o u n dsp e e d  ~
- . 42 x l O~ c i t  ‘see  I~ ohn ’ s v a l u e  f o r  CP

3. 2 I l eamn I ) i a e  n o s t i  es  f o r  G i-u ;~~~~
- i se n  I - ’ . t o r i n c - t - ; t  ~

A hi g h c u e  rgy  b e a m  was p r o c l u e  ed l y f i x  ~ t 1 ;  t he  F >~ — 35 d i o d e ’  an d

d r i f t  c h am n b e  r pa r i  m e t e  i n  to t h e  f o l l o w i ng  val ;i  c S

Ch a r g i t g vol t  a ~ e : 4. 2 m n e g a v o l t s

A no  I t -  i t a t ;  ei-ial 2 to i l  t i t ;  mm n i

A n o d e — C a t h o d e - t z ap  2 c e n t i m n e t ; - i - s

C a t h o d e - l ( - ° s t a i n l e - s s  st~~el

C a t h o d i c s h a nk  ~ / 8 -i n  d ia i c t

D r i f t  ( I n mbe~ - :‘~~e ssdi r e; : 1 . t o r r

D r i f t  p ipe i. ~ — in d i a m e t e r
by 1-; . f l - i n  l o ng

Ti-t o b n a m was cha  r ; ;  e t c - r L ’  ed by a n o r ’  a l i  eel pea l  dose  of about

1 . 5 cn ; 2 / em n  a n d  a r a i ;g - of ap m o \ i t n ; f e l ’ , 1 . 0 g t ;  ‘c ni ’ in  c r a ~~i it ; - . 10

sha 1 c- t i~~- d~ - 1 ’ t h — d o s~ - p t - c h i t - c l o s e ly  r e s e m n h l e l t I n ’ f o r  it ‘ 2.  ( ~ l - V  h e a n t

c x c c p t f l i n t  i t  f t - i l  o f f  more ’  s l ; a r p ly  i t t - ar  t h e -  f r o n t  s i t  r f ac - .

s c c i : i  h v e i n - t i ; ; i ; -  a r e  t h e  f o l l o w i r g :

• r e p t - c ’  I_I i h , j l  j t  
~

• he a n t  o i i  i f o  r t i i i t

• e l , n , f h — d o ; ; ;  p r o t i l ’ -

• sp .- ; - t r ; l t i i  a n d  1~~~~ n - ~ ’ c u r v e

1 - 1

- -
.

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ —~~ —~~~~~~~~~~~~~~~~-~~~~~~~~~~~~~~~~~~~~~~~~~~~— - 
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3. 2. 1 R e p r o d u c i b i l i ty

R e p r o d u c i b i l i t y  was  d e t e r m i n e d  at 10 and - 10 c a l/ cm
2 

t h r o ; i n l .  a

s e r i e s  of s i-tots  on s ing le e l e m e n t  t o t a l  s t o p p i ng  g r a p hit e c a l o r i m e t e r -; . C~~l —

or im e t e r  d i a m e t e r  was v a r i e d  to g i v e -  i n f o r m a t i o n  on the  r ad ia l  va r ii i. on of

f l u e n c e  as ~ -ell ;  d i a m e t e r s  usc -cl  c o r r e s p o n d ed  to 1 , 2 , and  2 . 85 sq ua r e  c e r t i -
2 -m e t e r s .  At  —1 0 ca l  c- mn , s ho t s ~--e rc- a l s o  m a d e  i n t o  a c a l o r im e t e r  whose’

d i a i ; c - t e r  was  g r e a t e r  t h a n  t i -ta t  of t I e  d r i f t  pi pe to  t d - t e r m n i n e  t o t a l  b e a m  e r - r _ v .

Tables  2 and  3 g i v e  r e s u l t s  of s u c c e s s i v e  a l o r i t n c - t e r  n i e a s u i e t ; en t s  at e a c h

l O v e 1 .  F lu et i ~ c was f o u r ’ !  t o  l i e  r e p r o d u c i b l e  w i t h i n  about  5 r , - r c  emi t at both

c - t : t t  io n s , f l ; ,  b e n n s  Z t p l c O ( r i 1 ;  t o  r t - r - ; e u t  e xc - - t i o n a l l v  s t ab l e  c o n d i t i o n s .

~~. 2. 2 U t i f ; r t n i t v

F i r st  att ~’ u t ; n t s  t o  p t - d i e  f o r  1 , - t n  u r i f o r - t i t y  v - c r c  m a d e  -- i t h  a

e e l c r ; en g tna I P c  a l o i - i r m t - t t - r  at  - 10 c a l  ‘c m  . R e s ul t s ob t a i r - e d

f ; r  two  sho ts  a r e  s h o w n  in  F i ; ’ u r & -  ~~. Th e  a r r ay  is o n -  ir e  h sq u a t - i - , i n d i v i du a l

ele - u r i - i t s  h e i r ; ; -  I ‘ i n  on a si d e  v i ’! abou t a h - I f  T n t ; ;‘ :u )  b - - t w ~-en  a d i ace : ’

01 ( I d  :. T h e r t l l o c  ca t 1 e out : - ; t  wa s  m e n — I  wit  Ii ii 20  I i ;  ~t ; t ;  ci V i : : 1  r ;: it al i t  i c : -  a—

v o l t t i i e t  c - r .  R ; - s e t l t  s of t he  i l ap p i t : s  sh o \ - n in i - i g u r -  3 an d  of t l ~, r s  o l ; t n i : - e

on ear l i e r  h , - a n s  l~-d i t s  t be- h ove  ~l ~;i  t i c  c c l n ; r i r i ; - t - r  was  t i t : i i ,  t i o ~~j :  -

fen d 1 : or l n i y -a-as ~~l i / s e q c . n  l !~ ~ t ; : i e -d  w i t h  t I e  i t r -c  s~~;g l e  ~ f0b c’ ele i ;t -n t s

‘ C r  \-;i ; i - i ;  d a t ; ;  ar e  g i v e -n in T ab l e  -1.

h t . - : s F i r - c m i l e n t s  m a d e  o v e r  s e v e r a l  d i f f e r - n t  ar - en s  s h o . c t h a t  a t  ‘he

hi~~h l e v e l  c t t i o n  r c - ~~n f l u e n e - d r a p 1 i c -d f r ; - - - ;  12 c a l  / cm
2 

a t  1 cm ’ to  39 a ’

~ 5 c- ni 2
, a c - h an g - of abc ; : ’ S t n - r c e  ( b a s e d  on t i  l a r e & - r ar e a ). In t i e

In  r : ’e st  a r e -a t i - cl :- ~~~~~~~~ on iv  ab o u t  l i t )  c a l o r i e s  w e n t -  s t o p p a d :  ‘ b i ~ is  l e s s

t l i ~t h a l f  of t h e -  ( t a l  I~ e~ ; t : i  e ne ;- ev a:’ ! s u c g t - s t s  t~ a t Il i . - t n e t i n y  f a l l  r c l : ; ’ i - : e - l v

s l o c - - l v  b c -V s.’; 4 l j r r ; i t ~ i i  v e s t  i n ’ -
~~ t i s a i t l e  sp ; t of 3 - 0 — i n c h dlinti ~e’cr ,

- v a r , s ho :l ; -j v  c a d , - c 1 i : n t o  one  ‘ ! i t c - t ~5j o t c ; l re - a - !  t i n — c
0 

an d  t h e r e f o r e -

m o  -i f l o i - t  - - s  t -  - - I c  t o  res l i v e -  I t - S t ; ;  t i  ; ‘o m n n t v  h ’V dn ’ !  t l ~~;-; 1 - ’ - i n t .

I n d i ;  t i ; - i/ - i  i t  ~ - ~~~~~~~~~~~~~ l ; - t ! t b -  10  I t i  - 1 0 )  c~~l t ; ~~~ !- c n n

it P°’  ~ nd t o n t  e l i S t .

ri.. . -

‘ 

~~~~~~~~~~~~ -~~~~- 
— 
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T A B L E  2

R E I -~R O i )U C I B I L I T Y  OF 10 cal/cm 2
, 2. 6 M eV B E AM

Shot C a l o r i m e t e r  F lu e n c e ,
Nu mber  A r ea , cm 2 ca l/ cm 2

2086 2. 85 10.

2087 2. 85 10.

2088 2 . 0  10.

2089  1 .0  10.

2090  2. 85 10 .

2 091 2. t-tS 13 .

2100 2. 85 10 .

2101 2.0 11 .

2102 1 .0 10.

16 
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TABLE 3

R E P R O D U C I B I L I T Y  OF 40 c a l / c m
2

, 2 . 6  McV BEAM

Shot Calori e-ter Fluence ,
Number  Area , cm c a l/ c m 2

1761 1 41

1762 41

1763 2 .85  40

17 (4 250 calo ries

1 765 242 ca lo r ies

1760 1 42

17( 7 2 45

1768 2.85 39

1769 2 .85  39

1 7 7 ( 0  2

1 7 1  1 42

177?  0:- 2 - 12  c a l o r i e - s

° i t t i p l i t - ; ;  t h a t  t b -  c a l o m i m i t - t e r  l t ) t ( - r c e - j ) t e - r l  t i ; - c l i i i  r -  in am , thus  t h e
re a d i n g  c - o r i n- sp o n d s  to t i c -  r e s u l t  \- l l i c : h \ - - t l i l c i  l~~- e h t : t i i n - ’ l  0 i n t - g m ’ a t i t i ~
t o t -  r a c l i a l d i s t t - i i : t i o n to

1 7
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- - - 21 - - 

Shot 1759

23 20 29 28 
- 

-

19 22 25 N 23

24 34 25 3 1 -

24 - 3O~ -

- 30 -- 
- 25 

- 
- 

- 

Shot 176 0

25 37 -1? 37 
- 

N

2~ 29 3~ 29

29 36 - i i  -

- 29 - 40~ -

cote: >: -
~ p i - o l l e -  j n o o ’ - i , ; ’ j- . e  at t t n i c -  of m e as u r e-n ; , - :

— i ,  r ’ ’ i n -  t o t  mn o n i t or e - d

1 - u nm et 3. I b r i  R t - ; o l c m t i n n  C-a l o r i - - t - t t - i -  V at i s  f o r
1- \ - S I ‘ 1 -  V 11, -n u t  at -10 ca l  /~ i n 2

L~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~
-
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SI -\T ( A L  l ’NI F ’ () b M I TY OF 2 . Mt -V h3 I- : -\ M~

A r t  i t , F I u e - i t c t -  . ca1~~ t o
2

~~ 10 c-al / e n , 2 -10 c a l / c m2

1 10.0 41.7

2 10.3 42.0

2 .85 1 0 . ; -  3 9 •  .1

I I ;

L ~~~~~~~~~~~~~~~~~ 
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3.2 .3 Dcp th - I)ose Profile

E f f o r t s  w e r e  made  to me-as u re  d e p t h_ d o s e  p r o f i l es  by severa l

techni q u e s .  These inc lude d :

the use  of thin foi l  t i t an ium and g r ap hi te  ca lo r imete r

stacks , and

• radiation sensitive cell op han e film sandwiched between

l ayers  of g raphite .

The use  of g r a p hi te  should g ive a p r o f i l e  n -to re  n e a r ly r e p r e s e n t a t i v e  of that

to be expec ted  in 3DCC and TWCP b e c a u s e  the a b s o r b i ng  m e d i u m  n--take s a

close match in a tomic n u m b e r  and d e n s i t y .  In g e n e r a l  it woul d be expec t ed

that m e a s u r e m e n t s  in t i t a n i u m  would  show a coup l i n g  co e f f i c i e n t  hi g h e r  t i -tan

that obtai ned in grap hite-  (S pence r ’ s ca 1cu1at i ons~
5
~ p r e d i c t  peak n o r m a l i z e d

dose  in t i t a n i u m  at 3 M c V  shou ld  be about  20 p e r c e n t  h i g h e r  t h a n  t ha t  in

g raphite). More substantial differences can occu r  in d~-p th , h o w e v e r , be-

cause the p r o f i l e  in  t i t a n i u m  f a l l s  o f f  r ap idl y and is c h a r a c t e r i ze d  b y a sh o r t er

range .

Fi gurt - 4  plots normalized dose- Ve rsus d. -p th in t i t : tn i un i  t - t  i c - a  sure-d

for a shot on the m u l t i p le foil n t  ek - The st ick w ar  i n z i d e - of tcc- , - : i t v  2 — m i  1 f o i l s

having an overall thickness of just (vt- r 0.4 g m / c m
2

; t i -  r e t t ; a i t T e r of t 0~-

p rofile was not inve -s ‘ag :ite-cl be-caus - tin - st - ;~~ was thoug ht t t i  sp a n  t h -  dep t Ii c f

inte rest.

The r t ; , - a s u i r - t i ; . - r , t  ce-a s  ma d e  : t t  -:0 cal/ceo a’ ten th e- same l t ~~am

conditions for w h i c h  repro d uci b ilit y anti tir ~i ft ’ ri: itv d1 ; ., ‘ce -r e - 0’ t e i n m - d

A s e c o n d  c b s  pr tilt- \v ;s r l ; t - i s u r . - - u s i n g  a cci- p r t -~~se - cb si - ‘ ~ - of

a l te  i - t i n t i n g  l a y t -  rs of 1 ( 0  n i i l  h u e 1 - - i eee  t r i p h i t e -  (d - m t s i t - . - I .~~~ ~- t u  1cn - t

Dup o n t  ~- - I ~~
( . -  3 ( l n  r ad~~- - t ; o n  SC- - . t i v e  i d u - -  u t  I i t t p i . i r o -  . i~~r d t - i- i n i - a t i . , t ; o n  - -

op t i c a l  c e i n t .  ‘f t i c  C 4 - l l f l p h a t i c  (l ee r , - . t s t - s  w i t h  di e- , , i - ’ 0 i -  c h a n c e  c a r :  to

r e a d  w i t !  a s c a n n i n g  t ! t - n s j t t t t  - t r .  i i  ‘ h - o r~ ,t  ‘hn- t -  e e i i - .~ c t - a l ;  I~ c - . tn- t r - t ,  ci

( l i r e - e t l y f r o m m i  a n  a n p r o ; t r i - t - c t l i h r , t ( - n  o f t - C e i l ( t l t i T 1 e  I i  p r a e  t i c  -

c : ’ - i l o p i ;~t t i t -  v - a d ;  i t t - t i  t o g i v e  t i l t  C - h O l e  ‘ i f  ? }~e -~~~ - t b - d u n e  u r e c  , : 4  t h ~ ce~~t s

no r i t a l i - a t - t i  f t  c a l d i m u m :  ‘ 0 r t i \ e - a - u r .  ~ : j ~ I - - 0 t ’  r n  t r u e  m i l l 1  i t  t u b - . l i t -  p r o f i l e

L M-. • - — -
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was c a r r i e d  to a d e p t h  of about  0 .9 gm 1cm
2 . At th i s  d e p t h , a p p r o x ima t e l y

4 p e r c e n t  of the i n c i d e n t  e n e r g y  was t r a n s m i t t e d  t h r o ug h the  r e a r  of t h e  s tack.

A two l a y e r  g r ap h i t e  ca lo r in i ct e r ,c on s i s t in i g of an ou ter  s lab e qual  to the s t a c k

depth  and an u n d e r l y ing ab so rbe r , w e r e  c o n s t r u c t ed  to p e r m i t  the  n o r ma l i z a t i o n

p r o c e s s  to be c a r r i e d  out .

F i r s t  a t t empts  to emp loy th i s  approach  were  made  at 40 c a l / c m
2

,

hut  it was found  t hat  the ce l lop h a n e  s a t u r a t e d  to a dep th wel l  p a s t  p eak  e n e r gy

densit y; fluence was  t h e r e f o r e  dr o p p e d  to about  20 ca l / c m 2 
by a l t e r i n g  the

drift chamber p r e s s ur e  from 1 .5 to (0 .035 to rr. All other parameters re-

nta inec l  the same . Meas ure-inc-nts repo rice ! here for cellophane were- madle

with t h i s  2 ; c a l / c m  beam

Upon disassemblin g t } u t -  r ap h i t e— c c ’l l o p h a n e  s tack  it w a s  f ou n d

that carbon dust had accumula ted  on t h e  f i l m , and it c-- as n e c e - s s a u - y to r e m o v e

thi s wi th  a c e t o n e  b e f o r e  a t rue ’  r e a d i ng  of the  c h a n g e -  i n  op t i ca l  d e n s i t y could

be ci i ,t : ;in , - d .  I r e l i r n i n a r y  r e a d i n g s  s h o we d  t i ; ;t t r a n s m n i s s i o n  cc- a s  u n a l t e - r e d

by w a s h i ng  f i l m s  in acetone-

Res ails or th e - rncasu i- c r r : e n t  a r e  shoc--n in 1-’tecmi- e S . P c-ak  n o r m a l —

zed dose is about 1 .5 c t ;  1gm , and ! r ange -  i s  in thic  v i c i n i t y  of I gm /cm
2 

-

Connpar i s  on with ti -me t i t a n i u m  mi -teas u r e t t  e n t  shoee-s a d i f f e  r e nc e - in

pc -ak  cl oses of 29 p e r c e n t , t~ t a n i u n i  U t - i n g  h i g h e r  . This  re t s n i t  is c u a r ; s i s t , - o t

v - i t ! ,  ti-tat ezpe-c t O  f r o t m u  Sp e n c e r ’ s p r e d i c t i o n s  o r  t h ey  c-n - re  quo l  -d -
~~~ r l i e  r

B e c : t u i  e it cou l d  he -  use d  d i r e c tl y at  -00 cal/cm
2 
and b ecau-a  i t

shou ld  g ive  a close- app r oxi : ;  - - t  ; - ;  t o  a c t u a l  p r o f i l e s  in 2 D C }  ‘ an d  3DCC- , a

g r a r d it ~ - f o i l  n ta - t .  v .as  d t - v e 1~~pe-d an ~ u~~t- cl  as t h -  basic i n s t m u m n t - n t  f o r  r -  o r d in c -

ci os t - profile ”; . F’ r cqu - u i t  p r o f i l e  i n e O S  u r c u t o  i t s  ‘v~- r - i t t  e r:-~ pc rs ed o u t  on g  ch t a

S h o u t s , and i t  cvos f o u n t t t - t t  p r o f i l t - s  \ c c rc  -o : t s i s t ’ - : : t l y  r e -p r u d c i  10 a r i d  w e r e

c o n s is t e t u t  w i t ! ;  0 ;e -  c e h l o C l i a n e -  r e - c or d !

T a b l e  S l b  t s  ini t t : a h i z c - c l d o t e n~ a f u n c t i o n  ccl cIt - t O  uc

fo r  a s , - r i e s  of s i t - - f  i t t  - 0 ( 0  c i i i  /~ 0Y .
h o  d r op  f l ~~e n ~~e - t , u  10 c a l  ‘c i a , c i t a r p l i u r v o l t a - g e -  wa s  r c d e - - t - d  S o l e

w h a t  a ad t I ;  u s  I 0cc t - C ’  4 t ; - e f f ~-c;  t C V C i t  e O i l  ( - t i e -  r ( ’ \  of t Oe  Ic  - a i  1 , j a n e  a s i i ; - ;  t h e

c n u u j t l i r i g  c o e - f t i c i e t ; t  fr et : 1 .4 ¶~~ I .8 - -~~~~~~- . b Ole 6 i c e s  n n r : i o l i z e - r !  ( h os e
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T A B L E  6

NORMALIZED DOSE PROFILE
FOR 10 ca l /cm 2 (Shot 20 93)

Mass Dep th , Normal ized Dose ,
gm/ cm 2 cm 2/g rn

.0457 .957

.0914 1.826

.1371 1.739

.1828 1 .826

.22 85 1.826

.2 742 1.6 5 2

.3199 1 . 5 6 5

3656 .652

, 4 113 1. 178

.4 570  1. 1 3 1

.5027  1.044

.548- 1 .957

5941 .870

.6 39~ .78 3

.696

.7312 .522

- 77(2)  . ~

.82 : ’  . 2 1

. 9 1 - 10 . 1  i- b
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va lues  fo r  a ~~pical m e a s u r e m en t  made at 10 c a l / c m
2

.

3 2 .4 Spectrum and Power Curve

Diode c u r r e n t  and vol tage  w e r e  r educed  for  Shot Number  1771 ,

a ca lo r ime te r  shot f r o m  the 40 c a l / c m
2 

leve l , to obtain a spectrum and powe r

curve . Raw diode cu r r en t  and voltage a re  shown in Fi g ur e  6 .  With the cathode

geom e t ry  and anode-cathode gap spac ing  used h er e , a load imp edance of about

150 ~ is produc ed , overniatching the outp ut impedance  b y about a f ac to r  of

four. This causes current and voltage to ring down in a s e r i es  of s teps  ra ther

than  in a single pulse and increases the baseline-to-baseline pulse’.vidth

somewhat .

The s p e c t r um  and p ower  c u r v e  d1-t i - r m in e d  f r o m  diode  d iagnos t i c s

a r e  shown in Table 7 ( C i i~~- c t i - u r c r )  and ~r ; F i g u r e -  7 (power  c u r v e ) .  Points to

note f r o m  these  are  that  the  mean  i~fl C  r gy  was about 3 ~ T cV and width of the

power pulse  at half m a x i m u m  w a — i 35 ns
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168 V /cm

Voltage 
j ’ ~c 20 ns/c m

~~~~~ 
682 V /cm

(u r r e nt 1 

- 

20 ns/cm

1) iode C u r t - - n t  and \ o 1t -i~ - -  T r a c e s  f o r
Shot  N u t r t l i & - r  1771

/ 8
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TABLE 7

ELECTRON NUMBER SPECTRUM

FOR FX-35 SHOT 1771

- 

Energy ,  MeV N (E ) IN
TOTAL

0 -- 1.75 0

1.75 - 2 .0  .0647

2 .0  - 2 . 2 5  .1323

2 . 2 5  — 2 .50  .1810

2.50 -- 2 . 75  .0908

- - - 
.0437 

_ _ _

3.0 - 3 .25 .1477

3 .25 - 3.50 .1379

3.50 - 3.75 .0344

:3.75 - 4 .0  .0359

- - - - - 

4.0 - 4.25 
- - - - - - - - - - 

.0407 
_ _ _

4 . 25 - 4.50 .0491

4.50 - 4.75 .0461

Mean (n c  rgy : 2 .96 MeV
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3. 3 Ta rge t  and Beam Stop S i z i ng

T a r g e t s  s ized to a s s u r e  a minim um variat ion of dose with depth

should be less than a r ange  thick , hence  e lec t rons  would sh ine  th roug h and d i rec t ly
i r rad ia te  any s t r e s s  moni~ or ing  dev ice  s e c u r e d  to the r e a r .  This made it n e c e s s a r y

to bond the target to a beam stop which was sufficie ntly thick to bring the total

t a r g e t  assembly to j u s t  ove r a rang e in dep t h .  It was a requi rement  on this

beam stop that it not gene ra t e  a large  the rmomechan i cal shock in its own ri ght

due to electron dep osi t ion , so that the main wave f r o m  the t a rge t  would not be

obscured . It should also be f a i r l y dense  so that  it could be made th in , thus

maximiz ing  p lana r read t i r i c , and its stress propagating c h a r a c t e r i s t i c s

should be well known , Fused  s i l ica  r e p r e s e n t s  a good choice on all these

count s .

The Grane i sen  par ame te r of f u sed  sil ica at room t e mp e r a t u r e  is

known to be small  at low e ner g i e s  m e a s u r e m e n t s  made  at P1 u n de r  the  BASE II

p r o g r a m  have c o n f i r m e d  th i s . The e q u a t i o n - o f - s tCt e  of f u s e d  sil ica has been

t h o r o u -~hl y s t u d i ed  by B a r k e r  and l lo l lenbach  at San dia~
71 

-

in addi t ion  to mee t ing  the requirenients indicated above , fused

silica is optical l y t r an sp a r e n t  and can t h e r e f o r e  be used as the  s u b s t r a t e

upo l hich L nih- i -or  .a n  bc rr- o-C~ ted f o r  intc r ’ rome t ry ;  a pc i° ct i mp e d a n c:

match  can Uc n iadi -  a c r o s s  tT ~~- m i r r o r , thus  e l i m i n a t i n g  a pos s ib l e  ad d i t iona l

comp l ica t ion  ii the c c : u c t i o n  of data to ~ al ui -s of t he  (4 r un c - i s e n  c o n s t a n t

The c ip t h -d o s e  p r o f i l e  of Fig u r e  5 can ne used  to d - - t c r m i n e

dim’-:isjons of t :tr -c t s and b c ;I n i  s t op s .  C r i te r i a  which  c o n t r o l  t a r get  t h i c k ne s s

arc :

• th~ beam should  0e relativel y flat in  t b . - t a r g . - t

• td~-g (-t mu~ t he ~}ii ck conip~i rcd to t b 1  I l i : 1 I I I C C  t raveled

liv a i-cHef wave d u r i n ~ t he  :io\- ;cr p u l s ’’v i4 t h

• Ofl C d j i I i l t s i O f l I l  r(-~I(1 t i i i i c  r o u s t  he adt -q ua~ c.

The 1;t~ er constraint shou ld  l I t  : 1 t  if t h i c k n e s s  is 1 , 1 1 1  t o  0. 5 or

l i n s , t h I S  b - m r I l e  f l i a — ~i i n t i t - f l  ‘ l i i i c n s i o n  ~ i I l ~ I l ( i V ( I 1  in  p I i ~~~i s t  calculati ons,

~

1 F
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These calculations showed that , with this thickness , re ad time was adequate .

Ref ief  dis tances for  ZDCP and 3DCC are  given approximately

by the produc t  of s ound speed and puls ewidth . Because acoustic velocities

in the materials  are d i f fe ren t , relief distances are not the same . Hy dro-

d ynamic  s ound speed can be estimated f rom the coeff ic ient  of the f i r s t  order

Hug oniot t erm , C , usin g the express ion

c ~ (9)

where  P is the n o r m a l  d e n s i t y .  For  2DCP and 3DCC , app ly ing (9)  results

in the veloci t ies  ind i ca t ed  below . W e  have r e f e r r e d  to r e f e r e n c e  6 fo r

values of dens i t y and m o d u l u s . Us ing  these  sound speeds and a pulsewidth

Hy drod yn a m i c
Modulus , Dens i ty , Sound Speed ,,

Material dynes  /cm 2 g m / c m 2 c rn /psec

2DCP .196 x b ’2 1. 44 0 . 3 7

3DCC .378 x 10~~ 1.67 0.-18

of 35 nanoseconds gives re l ie f  dep ths of 0 . 013 cm fo r  ‘I W C P  and 0 . 0 1 7  cm

for  3DCC; these c o r r e s p o n d  to mass th i c k n e s s e s  of 0 . 0 1 9  and 0 .0 2 9  g m / c m
2

r e sp e c t i v e l y . Demanding that targets be made ten relief depths thick , we f ind

that  2 1)CP ta rgets  should be s ized at about 0 .19  g m / c m 2 and 3DCC at 0 . 2 9  g m / c m
2
.

For the-  - d k l  of conven ience , both t a r g e t s  of both m a t e r i a l s  wer e  f a b r i c a t e d  to

the larger thick ness; at this dimension 2DCP was about f i f t e e n  re l ie f  dep ths thick .

R e f e r r i n g  to Fi g u r e  5 , it can  he seen that normalized dose- var ies

f r o m  a r i u i r i i t i  j r i m  of 1 .3 to a n~a x i nium  of 1 .5 cr i i
2 / gm over  the  r a n g e  of dep ths

2 2 2
f r o m  0 - I ~~~ 1cm to 0. 4 gm / c ni  . It appear s  , the- r e f o r e -  , t hat  a 0 . 3  g m / c m

t ar ~p - t  p l aced  at th i s  p o in t  in the p r o f i l e -  wou l d  be sub j e c t  t o  a Va r i  at  t i l l  i n  f l u & -ncc

of abou t  7 pe r e en t  f r o m  the  m e a n  v a l u e -  - Thi s v - a s  a s u f f i c ie n t l y c l o s e -

app r oxin  ati on to a flat p rofil e for pu rp os ~-s of t he c xp i-  r i  me ut

32
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Thickn ess , Thickness ,
Material cm inches

2DCP 0. 278 0. 11

3DCC 0. 240 0. 95

To provide for  an i n t e r f e r o m e t e r  m i r ro r  location which is outside

the electron range , a fused  silica beam stop 0. 125-i nches (0.7 gm/cm
2
)

thick was placed behind the ta rget .  Overall sample confi gura t ion  was that

shown in F igure  8.
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Fused Silica B a c k e r

- M i r r o r  Loca t ion  

— Fused Sil ica Beam Stop

- - T a rg et

Tar~~et T h i c k n e s s :  0. -l gm/c m 2

Backer I lii c kress 0. 7 gm/c m

Beam Stop T h i c k t t e - -t ~ : 51 6 g m / c m
2

l- in ti re- 8 . Sc!t - t i  m e t  i i  of Ta rg H ( on f i gu  r a t i o n
f or  G ru n t - i s e n E xp e r i t n i t i t

34
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3. 4 Resul t s

The relationship be tween target  s t ress  and measured fring ing rate

= ( Z b + 
Z )  

~~~

Here Z is acoustic impedanc e and the subscri pts t and bs refer

to target and beam stop respectivel y . Grunei sen paramete r of the target

is then

P I Z  + 7

G f bs t 
~p E  2 / \ pt

E

or 

G = 9.45 x ~~~~~~~~~~~ 

(
~~~~~~~~)

‘ and F’ ar e i’nderstond to h-~ the Tnaximum f r i r~~ing r a t e

and maximu m ene rgy  dens i ty ,  respec tivel y.

For 2DCP , Table 8 l i s t s  m a x i m u m  f r i n g ing ra t es , g ives m i r r o r

velocities , and r epor t s  Grune i sen  cons tan t s  calculated f rom the expres s ion

above. Cumu la t ive  u n c e r t a i n t y in the G run e i se n  due to statistical variation

in close and to l i m i t s  on t h e  a c c u r a c y  with which  f r i ng e  rat e can  be read is

about + 10 p er c - n t .  Mean value s ef C w e r e  det e rmin ed to be 0 . 2 5  at 18 ca l / gm

peak c b s  e and  0 . 4 1  at 5-I cal /gm -

W h i l e  the  an~cl y s is  us -d h e - r e  is ap p r o x i m a t e , it s h o u l d  not be

far in error for th1- small stresses involved . To check t h i s  p o in t , the

stress history m e a s u r e d  on shot 20-I l has  I R t f l  c o mp a re -cl w ith  a P U F F

cal culat ion made- as a J ) o r t i o n  of t h e  pretest anal ysis to suppor t  e x p e r i m e n t

cbcs i g n ~ 
~~
. The calculati on assumed a Gruneisen of 0 .4  , and was  t I i m o e fo r

-
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TABLE 8

RESULTS OF GRUNE I SEN MEASUREMENTS
ON 2DCP

Nominal Peak Maxim urn Maximum
Shot Fluence , Dose , Velocit y ,  Fr inging Gruneisen

~ umber ca l / cm 2 ca l / gm  cm/sec Rate , sec

2097 10 18 126 4 . O x lO 6 0 .21

2106 10 18 195 6 .2x10
6 0 .28

2020 40 54 788 2 . 5  x l0~ 0 .43

204 1 40 54 725 2 . 3  x ~~~ 0.40

2076 40 54 725 2 . 3  x ~~~ 0 ,40

3(1
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a 50 cal/c m
2 

beam; in Figure 9, thi s calculation has been scaled to

40 cal/c m
2
. It can  be seen that  ca lcula ted and measured  wavefo rms  are  in

good ag reemen t .

At tempt s to de t e rmine  the G runeisen of 3DCC us ing  a high

vo ltage geam indicated that G must  be small c ompared to that of fused  silica;

reco rded f r i n g e  t r a i n s  resembled those obtained with pure fused  silica t a rge t s .

This implies a n u m b e r  which is c o n s i d e r a b l y less than 0. 1.

Exper imen t s  with the 2. 6 MeV beam could not be made more

defi nitive than this because stresses generated in the f u s e d  silica beam stop

domi n ated the mea sured  r e s p o n s e .  To c i r c u m v e n t  this p rob lem, a second

e x p e r i m e n t  was u n d e r t a k e n  in which 31)CC was pulsed with a 120 cal/c m2

beam hav ing  a mean e n e r g y  of about 750 keV.  In this c o n f i g u r a t i o n , t a rg et

thickness exceede d electron r ange  and the  r e c o r d e d  s t ress  h i s tory  corres-

ponded solely to a t her m or n e c h a nic al  shock ori g ina t ing  in the  3DCC. This

e x p e r i m e n t  s u f f e r e d , however , f r o m  the f a c t  that  the wave  was p ropaga ted

a c r o s s  the  t a r g e t  b e f o r e  r e a c h i n g  the  m e a s u r i n g  s i te , and  a t t e n u a t i o n  may

th e r e f o r e  have  t a k e n  p1ace. N e v e r t he l e s s , the da t a  should d e f i n e  a lowe r

l imit  to the  Gr u n e i s e n .

Experiments were carried out with F X - 3 5  ope r a t i n g  at an av e r a L e

~~n c e  of about  ~~~ cal/cm
2 
ove~ 1 5--i.ich diameter s1ict . Targets consi~~ cd

of 0. 095-inch 31)CC bonded to a 0. 125-inch f u s e d  silica. To th is  b u f f e r  pla t e

was bonded a mirrored fused s i l ica  b a c k e r ;  motion of the m i r r o r  was m o ni t o r e d

with a las e r int e rf e rome t er opera t ing  in the displacement mode. Although

severa l  shot s wer e  t a k e n , onl y one of t h e se  p roduced  a c lean t r a c e .  This  was

shot 214 ~~, fo r  which  the  i nt e r f e r om et e r  r e c o r d  has been r e p r o d u c ed in Fig u r e

10.

In t h i s  fi g u r e  the  sli g ht b a s e l i n e  d i s r u p t i o n  that o c c u r r e d  n e a r

the le f t  h a n d  s i de  of t h e  t r a c e  c o r r e s p o n d ed  to bea m eme x - r e n c e  ; the  shock

a r r i ve d  at t h e  m i r r o r  loc a t i o n  about  one m i c r o s e c o n d  l a t e r .  In f o r m a t i o n

r e - l o t  m o m ’  to  t h e  m a i n  shock is c o n t a i t i i -d i n  t h e  fi t - s t  f r i n g e  and  i n d i c a t e - s  a

wave  ~. i t  }~ sy n i t n e t  n ea l  p o s i t i v e  a n d  n e g a t  i~~-e  com p o n e n t s , the ’ c- las  sic-al

37
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Sca l e :  1 ~-t sec/ div

T a r e ~r t :  0. 09~~-j n  3DCC

0. l~~~ — i n  f u s e d  s i l ica

\ie ari I- n~’ r m ’ - -l E’ (1 ~— i - - V

F l u e n ce :  120 c a l / c m

l’i gu i- c 1 0. 1)isp l ace  a c  ti t  Tnt  e r f e  r a n  - i - f e -  r Out put
f o r  Shot 2 1 - 1 3 .
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s h ap e -  of a n o n — b l o w o f f  h i s t o ry .

To u e d uce  a Gr u n ej st - n c o n s t a n t  f r o m  this record , it must  f i rs t

be r e d u c e d  to ve - l o c i t y v e r s u s  t i n - m e ;  the  app rox ima te  t r e a t m e n t  out li ned

be low c a n  then  be u s e d  to e s t i m a te C .

For instantaneous energy deposition without blowoff , the peak

st re s s which  will  be pr opaga t ed into a t a r g e t  i s

GPE ( i o )

w h e r e  p is dens i t y and E the peak ene r g y  d e n s i t y . If there  is an acoust ic

mismatch between the locations at which s t r e s s  is gene rated and m e a s u r e d ,

then p r e s s u r e  will be m o d i f i e d  by a t r a n s m i s s i o n  f ac to r  to g ive s t r e s s  at

the m i r r o r  as

= TP , ( 1 1)

with

-r I 
— ( 1 2 )

Q ua n t i t i e s  Z
1 

an d  are i mp e d a n c e s  of the b a c k e r  and ta rge t  r e spec t ive l y .

From the I lu g o n i ot  r e l a t i o n s, p r e s s u r e  can be app rox ima ted

as

P Zu (13 )

with 7 and U the  in i p c -dan c  e and pa r t ic le  v e l o c i t y of the backe r

Combin ing  ( 1 0 ) ,  ( 1 2 ) ,  and ( 1 ) ,  and s o l v i n g  fo r  the

Gr u n ~- i s c n  g i v es

21 7u
(‘I 

p i T  
( I - i )

40
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Par t ic le  ve loc i ty ,  u , is de t e rmined  f r o m  the i n t e r f e r o m e t e r

record; the remaining quantities are characteristic of the materials and

the electron beam . The following value s were used:

Fluence , ~ : 120 cal/c m

Normalized peak dose , k: 4.5 cal / g m / c a l / c m2

Peak energy density ( 0  x k ) :  540 ca l /gm

3DCC density ,  p : 1.6 gm/cr re~

Fu sed si li ca impedance , Z 1 : 1.3 g m / c m 2 
M sec

3DCC impedance , Z 2 0 .9 8 g m / c m
2 

~ sec

To obtain the impedance value quoted above for  3DCC , sound

speed was es timate d f rom the shock ar r ival  time note d on Shot 2143 and

the known t h i c k n e s s e s  of 3DCC and f u s e d  s i l i ca .  Arr ival  t ime  was 0 .95  .Lsec

a f t e r  beam e m e r g e n c e ;  t r a n s i t  t ime over 0 . 1 2 5 - i n c h  of f u s e d  s i l ica  should

be about 0 . 5 4  ~i s ec  (us ing  a bulk acou s t i c  veloci ty of 0 . 59  c m /~~sec , d e t e r -
(6) r - - -mined f r o m  the I l ug o nio t  d ata g iven  b y Bade - \ e l o ci ty  in 0 .0 9 5 - i n ch

3DCC was t h e r e - f o r e

0 . 2 4 1  cm
c = = 0 . 59  cm/ ~isec

( . 9 D —  54~) ( t s -c

The c o r r~- sp o n d i n g  p r o d u c t  of soun d speed and d e n s i t y was found
2

to be 0 .98  g m / c m  lisec.

T r a n s m i s s i o n  f a c t o r  f r o m  3DCC to f used  s i l i ca  was t h e r e f o re-

T = 1.13.

l- ’i get rc 12 shows v e l o c i t y versus tinee re-suiting f r om  the- i n t e r —

f c r o n m i e t t - t -  r e c o r d  of Sh it 21 - 13 .  P eak v e l o c i t y  m e a s ’i i - e-c l w as  104 c m/ se c  -

U s i n g  t h i.  p c - a k  ~- e - i  oc i t y  , a t r a n s i t m i  ss i  on c o c f f i c i  i - t i !  of I . 1 .3 , and o t h e r  d~~t~

as )~~o t - d  e a r l i e r  g i v e - s  a Gr un e i s -n cc 1eial to  (1~ 0Q~~~.

A c o rd i n i g l y it i s  c o n - l u d -d t h a t  t h e  ( r u c - n i e - i s~ -n  cone  t an t  o f

3 1)CC mus t l i e -  in t he  rang - .008 - - ( - - .04 . 11u- up p e r l i m i t  is  t i l e

G ru n c -i m-a -n of f e t e d s i l i c a .

-11
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Because  the s t r e s s e s  m e a s u r e d  were  small  ( — 0 . 1  kb peak in

3DCC) ,  at tenuation may have been slight , the wave behaving elastically.

On the assumption that this was the case , it is anticipated that the effective

Grueneisen  is nearer  the lower limit than the upper and p robabl y is on the
orde r of 0 . 0 1 .
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S F : e : T I O N  IV

I M P U L S  I-: M EASUR EM i-~N F S

B lowoff  impuls e m e a s u r e m e n t s  w er e  p r eceded  by an e x p c m r i r m i e - r ’ al

p r o g r a m  des igne d l  to m i n i m i z e  anode d e b r i s  on N e p t u n e , to m e a s u re  i t s  a n n o1 i~ m ’  c ,

and to op t i m i z e  conf i g u r a t i o n  of the g u i d e - cone t e r m i na t i o n  and p e n d u l u r n  bob .

The la t te r can be p ar t i c u l a r ly i mp o r t a n t , fo r  it has U - -en  shown that  in t ro -

d u c t i o n  of a rea  e f f e ct s  and/or spu r ious  p r e s s u r e  bui ldup b e t w e e n  s t a t i o n a ry

and ro ta t ing  po r t ions  of the m e a s u r i ng  sy s t ~~ni can re- s uit in an e r r o r  a f a c t o r

of two or more in i m p u l s e .

4. 1 Cone and P e n d u l u m  C on f i gu r a t i o n  S tud ies  on Neptune

Four conf i g u r a t i o n s  w e - r e  i n v e sti g a t e d ; t h e s e  are  illustrated in

Fi g u r e  12 w h e r e  each  is given a n urr -m e r i c a l  d e s ig n a t i o n . Conf i g u r a t i o n  one

was us e- 1  at IPC un t i l  about  1971 , w h e n  it was a b a n d o ne d  in f a v o r  of a g u i d e  cone-

t e r m i n a t i o n  shaped as ire F i e L u r e  12 (4 ). Subsequen t l y, h o t  shaped t a r g e t s , such

as t h a t  shown in Fi gu r e m 1 2 ( 3 )  we re m a d op t e d  to  r i v -  t I m e  st  ~- n d a rd  set up used t - e - o u g h —

out t h e  P RE D I X  t e s t i n g  a l - am ’  r am~~~ con c lu c t c - d - ct  iPC~ in I 97~i and e a r l y 1973.

Exp i - n -  L i m t m  r c p o m - t - d  upon  in th i s  s c -c t i  on v - c re i n t e n d e d to re —

e v a l u~~t e  ti -me b a s i c  app r o a c h e s  t o  u t i l i z i ng  a h a l  l i - - t i c  p e n d u l u n u  and to st u d y

a ri e v.- t i -ch re i quc ( c on f i ma t m - c i  : 1 m m  2 )  w h i c h  was f i r s t  p r o p o s e d  s e v e r a l  y e a r s
(S)

ago l e t  w h i c h  l a d  no t  b e - e n  a~ I m - n L O t -d  in  c - a r e a - s t  c:~i t j l  t i m i s  e f f ’r t  . It was

} m o p e - d  I m e 1  c o n N g u r L t t  i on  t \ .  a cou ld  be.’ - n g i n c e  r e m  t a s y m L t c z l  w h i c h  would

a l l ow  r : m e a n i n g f u l  d t , e  to  b t a k e n  e v e - i l  i t  d l Os e s  in  e’. c c - e c s of t i e . -  v a p o r i z a t i o n

t h r e - sh o l di of g r m t p h a l - . In s t - e t i ’ I e r d  m c t }e c ls , a p lug of t -  rg e t n e e t e - r i a l  is

lo ca 1e-d  f lu s h w i f l  i i -  f a c e  of a c a n on w a sh e r , an d  t l ~~- c - a f i r e - a s sem b l y is

n i e e a m n e t e - d on me b o l l i -  t e e  p e n d u l u m . B e t i ,  t h e  ; t l u ~ . and  the’ i n n i e r r n o s t  p - m r t i a n  of

t h e e -  w a s h e r  m i re  i r r a r h i a t ~ - d ;  t he  v - m t e ; h l c - r  m u s t  i t  s t r u c k  1u -Ic -c t coos I c e  g ive

c o r r e c t  s c a t t e r i n g  C o t i d h i t n e m  - O t  t i m e  t a i - g~ n - n i e : i t- t t - r  . T h i s  a pp  r o a c h  wi l l

w o r L  v - - I )  as l~~i ee ’ as j e -ak  ( l O S e S  n i r c m m m l f l  h e  low t h e  t h r e - s i m o l c i  f ’ r  1 e i - ~~~l u c t i o n  c f

i n e p e e l s - j i m  t i e- ‘v i e m b e r :  f o r  n m ~~ t ’  t~i a1s w h i ch  h r o e i L n c e ~ i n t ~n i l s e  s m u c h  l a rg e r

t h a n t m - - I f r e e-  g r a n h i i t ~~ , it car t he - t tstsC im ve- i i m t  - t l - n - s } i o l d  . \\ I - e l i -  e -v ~e e n

- - f r o n t  I ! -  v a e m l e e r  ~ i I1  i t i t r o d n i e c  a s~~- g e - n e a~ ic c t - n o r  a t  t l m e s e  l i - c e - I c , t h i s  ci -  n o r

-1- )
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wi l l  be sma l l  if th~- m o m e n t u m  ge-ne r a t e d b y b l o w — o f f  f r o m  t h e  to  r g e - t  is l a r g e -  -

A correction can be- m ade for im pu lse  c o n t r i b u t e - e l  b y the’ w a s }m c r  if t i m e -  r e l a t i o n —

shi p between i mp u l s e  and f lu en c e  is known  f o r  g r a ; l m i  t i  -

W h e n  the w a s h e r  and t a r g e t  p r o d u c e  s i m i l a r  impu l se  l e v i - i s  , as

in the case  of 31 CC , a c c u r a c y  of ti-m e- c o r r ec t i o n  c o n t r o l s  a c c u r a cy  of the

m e a s u r e n-m e n t  u n l e - e m s e xp o s e d  g r a p h i t e - is m i n i n e : i z e - d  in a r e a  or an a l t e r n a t e

s c h e r c i e  , not r e q u i r i n g  cor  r e c t i o n  , can be- e t c  m : e l o y e m d . (~~e e : e f i ~~ et i - a t i  m m c c  t -~- --ea

r e p r e s e n t s  suc h an a l t e r n a t i v e .

W h i l e  it  is s o m e w h a t  n -m o r e  comp l e x  and re - q u i r - s  a l a r g e r v o l um e

of ta r g  c t  a m a t e r i a l  than t h e  m- t  :c i t c h  a rd m e t h o d , it should  r e - c o r d  t a r g e t  i mp u l s e

d i r ect l y ,  without t h e e -  ne .- c - e l  l e e r  a w a s h e r  c or r e c t i o n . It would  do th i s  v.-h i le. -

n - m a i n t a i n i n g  app r o p r i a t e m  b o u n d , e  rv  cond i t i ons  , a n d  it  would h a ve - t h e e - a d d i t i o n a l

adv a n t a g e  of unequivocally m e m n i t o r i n g  One- din e: si o n a l  f low in va or e v o l v e d

f r o m  the t a r g e t -

b i n o m : l y put , t h -  me-t h od  cal ls  f o r  f i x i n g  t h e e  w m e  - m h c r  tee the guith-

con e ~v l e i l e  t h e -  t e l - g e  I r e m a i n s  f r i - c -  t e e  r e -co i l  b a c ky a r d  t l e  r ou - le t h e e - h o l e  - U s e d

in t h i s  w a y ,  ti e -  w a s h e r  t i m e - ~ on m u c h  t he .~ s a t c : e - si g n i f i c  on e  - as a g u a r d  r i n g

in t e i t c i t e d  boun d a ry g et s g u n  e— : 1 ee - n i n i e o t - m  , and ~c-e - t il e - r e f o re  I c r  t o  it as a

g u a r d  r i n g  in th~- e n s  u in g  p a g e - s .  l - i : - u e - e  13 s lenv: s d e t a i l s  Of t b ~ - c-x I’ e - r i T m l e - a t a l

cc n ‘iou r a t i o  ci .

Cy l i n d r i c a l  t a r g ’ - t s  0 . 5 — i c - h  1ont ~ log ~~ 5 — i t i c b ~ in d i a n e - I c i -

w e - r e -  bon de -d  i n t o  c a r b o n  ~e I ~~t e - m ;  011( 1 a f f i x e d t e e  a p e - n d u l t i c r m  h e e l -  as m - h lo\ v n

Fl on d i n g  in t i m i s  f a s h i i o : m  v -t l s a d e - qu m it e  to  pr ~ -c -~ -n t  S O C f l p i c  l oss  f t - o m t t  t h e  I m e b

a r e - I  ~~e~ - - a r i .eon  p l a t e -  p e e - v e n t - - I b e 1 a ~- - a f f  1~.- . e ~ t ie -ct  e - o c m ~ w h i ch  p m c  t r  t e~l e

tt p - t - - - - he - t - ~~e - e- n  t a r g e t  m i n t c l i~n i a r c 1  r i t e 1 .

A n i c - e e : - s a r . - eo : j d j t j n e  f o e ~ t h ee s u c ce ss  c f  t i m i s  tL -c l : n i f l e e e - i c i  g
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To es t ima te - the- in i t ia l  ve loc i ty  of the ta rge t , we’ note that  this

can be’ computed f rom :

v ( 15)

h e r e , I is total momentum and NI is the mass of the pend lulum bob . For a

pendulum which is p r o p e r l y set up,  M will  be chosen  to l imit  the swing  ang le

to a va lue  which is within  the- smal l  ang le approx imat ion , thus  g iving a s y s t e m

which  oscillates in s imp le ha rmon ic  mo t ion .  This  r e q u i r e m e n t  f ixes  the mass

at a value which can be dc-t e - r m i n e d  in the fo l lowing  w a y .  Ini t ia l  a n g u l a r  mo-

mnentum of the  pendulum is g iven by:

= IR

w he r e  J is the  n -moment  of i n e r t i a  and the  p end lu lum a r m . E q u a t i n g  the initial

k i n e t i c  e n e r g y  of the s y s t e m w i t h  i ts  po ten t i a l  e n e r g y  at max i m u m  amp l i tude

giv e-s a se-cored relations hip in e

M~~~R (1-cose )

U s i n g  the- a p p r o x i m ation

9
2

cos O I -

and in t r o d u e -  log l I m e -  e x p re s s io n  f o r  9 f r o m  above-  r e s u l ts  in t h e  r e l a t i o n s h ip

C] -i—- _ëL ( 1(e )

The m e t  m g l t  is them l i n e  i t i  r ip sv:i ng ang le-
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In the p r o c e s s  of ge t t ing  to this r e s u l t  we have a lso  emp loy c - d

the fact  that J = MR Z
.

Using equation (16) in the express ion  fo r  i n i t i a l  veloci ty

giv es:

V = 
~~~~~~~ 

( 1 7 )

For a typical exper imenta l  confi gurat i on on our machines , swing

ang le would be l imited to 0 . 1 -radians , and s h a f t  length  would be about 30 cm .

For  these  p ar a m e t e r s  , init ial  veloci ty  is 1 7 c m / s e c . As s uming a gua rd  r ing

assembly ha~r ing an overal l  t h i cknes s  of 0 . 1 2 5 - i n c h  (0. 3 cm),  about 20

mi l l i seconds would be re :qui red  to w i t h d r a w  the t a rg e t  f r o m  the hole at thi s

veloci ty . Blowoff  occu r s  ove r a tin -m e span which  is s h o r t  compared  to 20

mi l l i s econds , so ti -mat vapor  evo lu t ion  beh ind  the g u a r d  r i n g should  not be a

problem .

As th ~ t a r g e t  swings backcc-ard it will  d r o p  sli g h t l y  b e c au s e  it

moves on a r a d iu -~ rat l ie- r than  t r a n s l a t i ng  l i n e - - e r l y;  to accomt c ;oda t e -  t i - m i s

d rop , c l e a r a n c e  m u s t  be p r o v id e d  b et - - c - c- n it  and  the  g u a r d  r i n g  . To e-st i rn atc-

the c l ea rance  needl e-cl , an a p p r~~x i r r a e t e . -  c o m p u t a t i o n  of th~ d r o p  cart be made- .

R e f e r r i n g  to t b -  geor m m e - t r y  of F’~ gu r e  1-I , it  can be se-en t i -mat  the- d r o p , d , is

s m a l l e r  t h an  t h e e . -  q u an t i ty  L — R  - By c onip e t e n g  L — R  , an u p p e r  l i o m m i t  on d can

t h e  r e f o re  be obtained . Def in ing  f as t i m e -  r a t i o  T /R , t l e c - n  we- can wr i t e

L-R ~ R (~~ 7?- - -

T yp icall y ,  ‘I wi l l  be a heee i t  1 cam a ted R c- - i l l  he m 30 c m ;  I , th e-  r e fo r e -  is on t I m e

o r d e r  of 0. . \V } m e - n  f 2 
i s  sm a l l  , th€-  a p c c r c c ~ i z e t  a r c  c a n  be m a c I c  t i -mat

~~ 1 - t f
2 

- 1 - i

th is h- ad s I c  t l e e - r e - s u i t

R f -

< h-R
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U s i n g  R 30 cm and f . 01  , this e x p r e s s i o n  e s t ima tes  t ha t  the  d rop  will be

it- S S t han  .00 15 cm , or about half a mi l .  The n o m i n a l  c l e a ra n c e -  n e c e s s a ry

-~~ to p c-rn-u t  an un o b s t r e u c t e -cI swing t h roug h the  hole is t h e r e f o r e  c- c r y  small .

The ac tua l  clearance was made l a rge r  t i -man ti -m is nomina l  value

to p r e v e n t  b inding  due to l a ter a l  expans ion  of the t a r g e t  unde r  the act ion of

s t r e s s  wa v e s  - A roug h g u e s s  as to ti -me m a g n i t u d e  of t a r g e t  expans ion  r em -

su i t ing  f r o m  rad ia l  re l ie f  s u gg e - e-e t s t i -mat th is  wou ld  not  exceed 15 mni ls  . This

es t imate  was a r r i v e d  at b y mak ing  the a p p r o x i m a t i o n s :

-~~ -~~~~

V 
-

~~ C
0

and

v r
o o

lie -  r e  P is p r e s s u r e -  r u n e !  C is to r g e m t  n - m o d u l u s ;  r is Ia r g e - t  r a d i u s  and l V c - i  a c i d s

f o r  volunu c e~ - C on-mhining t h e e - s e ’  g i v e s

Pr
0

2C

The n -m o d u l u s  of TW C  I i s  a b o u t  0 .2 x i 0
12 

dy n e - ;  i c r :  m
2 

and t h a t

of 31)CC about  0 . 1 x i0
12

. TI -me hi g h e s t  p r e s s u re - e- ~~t i u u m a t e - e h  i m p c e  I c - - I  cal-

cu la t ions  was a l c i r O x i r m e c l e - l y 30 k i h e c l e m e r s :  a c c o u n t  c M :  f o r  n i i s r : - e t c h , t i - m i s  cor-

r e sp o n d s  to 25 kb or l es s  in I !  t m c r g e - t . T t k i i m m -  a r o e h i c e c of (l .:’ -~ _ i n c h e c s , a

pr . - s s u r -  flf ~1 i b , and u s i n g  t i i e  I \\ c u e  r e m o m l u l u s  g i v e s ~~ r IS  u m : i l s

i t t  p rae - t i c  e- t h e  geu a  rd ri r ig cc -ill  ~ 1 mm 0 e m-h e a r e d  , and t h e e  e l i - a  r e  n c e -

w ou l d  ~e e - o h a h l y l e m u v e -  t e e  b e - c e b e e e e e t  t w i c e -  t i e d i n d i c a t e d 1e v I l  e c ; m l c u l  l i o n s  above

to a c - c o r n i n e e - - t I  - - t h i s

l i t e - & -  c o i i s i d& c - e t i o r i s see c - t e d  a c h e - e r e c o  e - of ah ee t I / — i t - m c i :

on I I ,  r r c d j u m m  wou ld  l e e -  i c e - i - e l i - e l

~I he  g u m e r d  t - in g  cc’as n ader a r a c m b e - t i d e -Ic ( t h c u s  t h i c kn e s s  is m et

51
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cr i t i ca l  as long as it exceeds  the p otent ia l  c r a t e r  dep th)  and was held in

p lace by a steel g u a r d  r ing holder  cvhich served to :

• s top e lec t rons  leaking throug h the guard r ing .

• hold the g u a r d  r ing  in p lace without allowing si g-

nificant rearwa rd deflection due to blowoff .

• shield the p endu lum f rom mater ia l  which might

spa ll f rom ti -me gua rd  ring .

The ho lde r  was chamf c- re d  af t  of the ape r tu re  to p reven t  blow-

off f r o m  electrons collected in th-  s t e e l .  It was n e c e s s a r y  to a s s u r e  that

the guide  cone was ri g idl y f i x e - d to the  d r i f t  c h a m b e r , so tha t  t h e . -  impuls ive

load exer ted  on it b y v a p o r i z a t i o n  of tiw g u a r d  r ing  did not  cause  the en t i r e

cone a s sembly to t r a n s l a t e -  down the c h a m b e r .  Ti -mis r eo~u i r e mcn t  was eas i l y

met b y IPC’ s s t a n d a r d  cone- m o u n t i n g  a r r a n g e m e n t , which s e c u re -s t i m e -  cone

to the -  d r i f t  p ipe th r o u g h a t h i c k  f l a n g e .

i - :v u l e e ; e t i e c e  t e.- s t i r e . was in i t i a t -d with a s e r i e s  of i mp u ls e  m e a s u r e  —

n m e - n t s  on -\1 J gr a p h i t e -  u s i n g  c o n I c ; - e c r e t i d e n  f o u r  with a olid p r r - l e l m  i t  e - guide

cone and a w i r e  roe] co t -me  of s i r e m i l ~~r m: ~- a m -I  r y .  The w i r e  cone  w a s

h e - s i g n e d  t e e  v t - : m t  a t - mode-  d e b r i s  and d~-fl~ - t  i t  iv.  r e v  f r o m  t i m e - c - e c i i i e t y of th e.-

Ime ~ lu l u m  bob . ~~~~~~~~~~~~~~~ c - - c c~e - ; e a d e -  at e b e c e ’ 10 , 50 , a~~d J 0 0  ;1

on N e - ; e t u c m e , and e -mp i e c y e - d  a t h e  g r m u a h i t e -  t a r g e t  i n - m t  r e u c c e e  t e d  wi th  a t h ; e n u m m o —

c o e j e c l e - to Se r v e - as a c a l o r i c i t  r s e  t a m e t  i t c m b e U l se a n d  f l u t - n c e -  could  be cu te- i —

rn i r i e . e i m — i r r - m u l t a n e - o u s l y on a ny  ~i e  n s h o t . i b ~ - s u I I  - of r a e - a m - e e r e - r i c e - n t m m  a re  l i s t e d

in  1 able- 9 .  C o n e m l e e - ; i o n  d r a w n  f r a u - c u s  t s t i n g  -aas  t i m m e t  I ! -  c - i r e -  r e e l  cone

p l - e e V l ( i e - m ;  it s ed  t e n t i a l  r e  - h m ~ l i o n  in b a c k g r ou n d  u u i e ; u l s t - ;  m e b a c e t  C h u l u e h y r m e

S e c on d s  re  t c m t - ; i s u r e d  ii  50 c a l / t u t u  i t t  11.  so l id  c on e - , c c l e i l i -  onl y 1 was

re - c o r d i t e ! c ; h c c - t i  t h ~~ eac h cone cc-a - - e l s e - e l . \ t  hi g h f l e u t - n c e - - , t i c s  r a t i o  of a h e e c t

/1  p c - r u s t e d .  J-a~C l e r l - s ; e - m l  i n  t e r t a m  of u n i t  a r e -a , i e e c k p r o m r n c l  i n ; 1 e e c l s e -  ~v i t 1e  the

c - i r e  C l e r m e - ~c a s  b ) l i i : ;  it  5 0 e m i l / c i a  a c t  I Sl i t  c e l  ~ 5 c a l / c : ; ; ;  t l m e - ; - e -  v a l u e - s

a r e  s t u m ; e l l  e U e t i u p c t r e - e I  t e e  t h e  i r t h e u h  C e - \ p e  t - d l  f r e o n  ~ I ) C i ’  m e t  s i r c e i l m r  le v e l s

I - ’i n a l l y , t h e - s e -  v a l i u m set - e l i  e u l e p e r  l i m i t  t e e  t h t -  i l r 1 e u l  c f r u e c m e

- - m r- h h d j t - , l e e r  i f  t i e  d o t e . -  f u n c t i o n s  c s  mu ee r I e  c- I  d eb r i s  t l i m e i n a t u e r , t i e  Cc t i t e -

C:,
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TA B LE 9

RESULTS OF iMPULSE M E A S U R E M E N T S

ON ATJ G R A P H I T E  WITH S E V E R A L  GUIDE CONES

(Note  Cone exit d i amete r  was 1 - i n c h )

Cone Type F luence,  c a l/ c m
2 Impulse , kilod y n e s e~

Solid 27 2 .6

29 3.2

26 3 . 7

3 .8

28 3 .6

28 3 .8

-
~~~~ 6.0

- 19 (- . 4

- 49 5 .9

52 6 . 0

85 12. 2

92 1 1 . 5

103 1 1 . 0

109 12. 2

W i r e  Rod 4 7  0. 8

48 1. 3

-19 0.S

1 .4

( 8  2. 0

1-1 1 2.5

L__ 
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1o d ing  must  have  been -sue to  b lowoff or j u m p o f f .

Having  mneasurec l  back ground  in the  two cones , blowoff measure-

m e n t s  cvere maci c fo r  each  of the  fou r c o n f i g u r a t i o n s  in each cone  t ype.  T a r g e t
*

m a t e r i a l  was De i r in , chosen f o r  i ts low subl imation e n e rg y  and lack of com-

plexity, c h a ra ct er i s t i c s which should make it possible to p red ic t  impulses

w i t h  re la t ive ly good s u c c e s s .  E x p e r im e n t s  w e r e  c o n d u c t e d  wi th  a s t an d c  i- e l

set of mach ine  p a r a m e t e r s, p r o d u c i n g  50 c a l/ c m
2 

in the  so l i d  c o n e  and

40 ca l/ cm 2 
when the  rod cone  \vas used .  It has  been  our e xp e r i e n c e -  t h a t  rod

c o n e s  a r e  som e - -h a t  n .  ore :  lo s sy .

Re su l ts  of teec - m e s u r e m i i i e n t s  u s in g ,  a solid cone  a r e  shown in l - i gu r e

i m - . N c e r r m h e c u- s pl o t te d  a r e  net  impulse  per  uni t  a r e a  a f t e r  c o r r e c t i o n  f o r  hack-

g r o u n d . C u r v e s  r e p r e s e n t i n g  i m p u l s e  calcula ted  f r o m  B B A V  t he o r y  f o r

s eve ra l  s u b l i m a t i o n  e n e r g ies have  also beer -c  i n c l u d e d  in t h e  f i g u r e s  f o r  com-

pa r i son  ; F~ f o r  l ) e i u - i r e  d e t e .- r c m i i m e c d  f r o m  mass  loss m e a s u r e r n e - r e l s  l i e s  in t b m e
r a n g e  200 to  100 c a l ” g r m ; , p r o b a b l y  b e ing  c l o s e r -  to  the  h i g h ;  em - mel .

It is t i - m e  n a t  C: re- of e f f e c t  s r e l a t e d  t o  a r m o d e  d e b r i s  that  t h e y  cc- ill

c a u s e  m e a s u r e m e n t s  t o  r e c o r d  a } m i g h e . - r  im pu lse  t h a n  t h at  due  to ec-aporat  i r e :

of the  ta  eg et a l o e -  e , l i e . - c cc  em it c o e c i d  be e ’:pc-cted Pl ea t  t h e e . -  f e e  h n i que p r o d lu c i n g

lowes t  impu l se  would !  r e p r e s e r . t th e one g i v i ng  n m o ; m t n e a t - l y c o r r e c t  r e su l t s .

In t h e  solid cone , c o n f i g u r a t i o n  t o u r  p r o d u c e d  a i -met  i r i d e m - e l s e  of 1. m- h i l o t  ap s :

r e m e ; e s m : r e r n e n t s  m a d e :  cvith t h m e  e m e h e r  t h r e e  t e c h n i ques w e r e  all in e x c e s s  of

10 k i lot a p s .  This s u g g e s t s  t h a t i t  is i mp o r t a n t  to  p r e v e n t  a p r e s s u r e  b u i l d u p

over  t h e - bob f a c e -  by a l l ee c : !  l e g  a u e m l i e f  v o l u me  i n t o  c- - I ;  h b e  g a s e o u s  d e b r i s  can

lie e x p a n d e d  c c - h e - t m  i t  m o v e - s  r a d i a l l y o u tw a r d  aft e t- ch r i l - c i c e - t h e m  t a r g - t .

A l t h o ug h c on f i g u : - - t i o t c  Icc , u s e  of a ( i - e e l  g u a r d  r i r m m - , has  r e n e r m c

a d c - a r m t e e g e - s  din p a p e r , it s c r f f e - r - h  f t - o r e ;  blocc hc - . A r oil e d e b r i s  p a s s e d  h i m - c m - h .

t he a n c elus  be- I cc- c- c - t i  t : c i m u r d  r i n g  and  t a r e e- t ou ch p i l e - i u~ > l e e - I c e - c - c -n  t h e e  r i n g  on d

b o l e  f a c e - ; cc - i - mi le -  t h e .  r e s u l t i n g  p r e . - - m .s c u r t ~- n a y  r i o t  h a v e -  i e e e - i l  e i - e -Ol , it a c t e d  0 — e r

a r e - i t t i c - t h y  I C e  i- c  e’ Cl i t - d i  l i t - t i c  e - i t - m e  re -a s  c i t h e e -  ii I C  ic m e 1 c - h  ii; m :  c - m i  e~ e O t t  S i c 1  e CC

t ) e i r i c u  is  t i  t r a d e -  n a j e e t -  of a e I - e e : r e e t I r y  m e e t - h  h i o i i c e e 0 c e l y u i i e - r

m a u i c i f a c t  i c e d b y I ) i i c i o c e i  -
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In the wire  rod cone , i mp u l s e  m e a s u r e d  with c o n f ig u r a t i o n s  one
and f o u r  was 9 . 3  and 10 .3 k taps  r e sp ec t i v e ly .  Each  va lue  r ep r e s e n t s  the

a v e r a g e  of t h r e e -  shots . These value s were  hig her  than the 7 . 2  k tap s  obtained
with conf i g u r a t i o n  fou r  and the solid cone; it cc-as h ypo thes i zed  that debris

ven ted  t h r ou g h the rods was p a s s i n g  ou t s ide  the cone but  still  s t r i k ing  po r t i ons

of the bob . To preven t  thi s , a l a rge  disc was added to the cone at i t s  exit

p lane to act as a blas t  d e f l e c t o r .  Upon r e d e t e r m i n i n g  impu l se  for  con f i g u r a t i o n

one with this sh ie ld  in p lace , a value of 7 . 4  ktaps (average of 3 m e a s u re m e n t s )
was obta ined .

Conclusions reache d f r o m  this  w o rk  we r e- :

• if a solid cone m u s t  be used  ( ne c e s s a ry  to obtain  n -max imum

f l u e n c e ) , it is ma n d a t o r y  to p r o v i d e  a rel ief  volume over

the bob as in conf i g u r a t i o n  f o u r

• in cc-ire rod co l ic - s equi pp e d w c t l e  b l a s t  d e f l e c t o r , anode-

deb r i s  is so r e d u c e d  that  any  gu ide  cone te  i r r u i n a t i o n  can

b e used s u c c e s s f u l l y .

In Sp i t e - of the lat te - r conclusion , ge neral p olicy cc as t o  : - t :m a r e h i z e -  on the  use ’

of a r e l i e f  vo lume for  all  n e e a s u r em c - n t s  -

__ -
~ 

~~1
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4. 2 i ) e - t e r n y u i n a t i o n  of I mp u l st - f r o ~~~~~~~~~~:r~~pj~i te

In the  p r e v i o u s  s ec t ion  it was  m e n t i o ne d  that  e f f o r t s  to a s s i gn  a

magn i tude  to impu l se  r e s u l t i n g  f r o m  anode  d e b r i s  in solid and  w i r e  rod g u i d e

c o n e s  led to the  c o n c l u s i o n  tb - mat  blocvoff f r o m  g r a p h - mi t e  could  not  be- g r c a t e :r

t han  2-10 t aps  at 50 and 500 taps  at 85 cal/c  rn
2 

on N e p t u t i e .  In an a t t e m n l e t  to

improve  upon th is  e s t i m a t e, f u r t h e r  n -u e a s u r e n e c m r - t s  cc -cr c  m a d e  u s i ng  an c-a -

p e r i m e n t a l  c o n f i g u r a t i o n  des i g n e d  to d i s t i n g u i s h  h e t - c e . m em- n e a r l y and lat e t i n e

impu l se  (blocvoff an d  anode  d e b r i s ) .  The method cons is ted  of r i g i d ly  m o u r t i n g

a g r a p hit e t a r g e t  in a p e n d u l u m  bob and a f f i x i n g  to it an i n - m i - m e - i r e n e  e ina ’cb er m d

fl ye r  in good hyd rc cd y r m r i m i c  cont ae - t , but secured  with a zero st  r e - i c g t b e  h m z e c l .

In t h m e i o r v , if ti -me st r e .- s s  cc ave  gem - u  c r a t e d  by b lowoff  is p u r e ly  c om p r e - sn i - ~- e- ar -m el

if fl ye r  t h i c k n e s s  is p r e - a t  er  t han  ha l f  p u l s e cv i d th, t h i s  s y s t e m :  cc-ill r e s u l t  in

blocc-off i m p u l s e  b e i n g  t r a p p e d  in t h e  fb ~ -~- r an d  s !e a l l e  acc-av f i c e m  t b - c  hO t ,

l e a v i n g  ti -me p e n d u l u m  s t a t i o n a r y .  U pon  i t s  s ub s e q u e .- r t  a r r i c e l , ar ode dc - i r i s

will st u- i!: e t i m e . - p e n d u l u m cm - and  be du l y r et  ord ed in  the.-  u sua l  r c i a  m m c m  e n .  By

m a k i n g  a s eq u e nc e - of me.-a e u r e m e i c t  v P h  a n d  w i t h o u t  ( I c - e m s , it shou ld  there-

f o r e  he poss ibl e to  d c -I e . m r r n i n e  h e o t h e  b le -e c e - o f f  au - m el  l c a c i - g r o u n d  i r r u ! e e l e C s .

If t h e e  s um of blocc off , J . , and b a c k g r o u n d .  J , i rn o i i l se s is

d l e s i gn a t e d  J , t h e n

+ 
~h -

This  is  ti -m e q u m e  ci t  i t  v c m  ; e . - a sma red by t h e -  p e n d u l u m  w h e n  no ftc - c r  is a f f i x e - d. W i t h

a fl y e r , J
f 

is c a r  i~ie - e l ~icv ;e y and  T
b 

is  r e c o r d e d .  A c Co r d i m i g l c - , ha -k g rou t -cl  is

read dj i - e - e  l i e  on s u c h  sb - c o t  - . Blocvoff can  be - f o u n d  by d i f f e  r e m i c e  as

:1 -: ~T — j
f t b

In p r u u t i e- t h i s  t u i c m , e S U e  e l i e i t i t  is s - e m l e j e -et  to a nu m b e r of c o t t i p l i e  a t c o r ’ -; ,

pa r - t i e t n i c i n - l y  so if t h e -  sh re e be g e r o r - a t e e l  i c y  t t n - r g v  ( l c - J e o t i t i e i t t  is i i n t  p i t r t - l v  c O m i c —

l e e m i  ~- e e i c t e i t t ~~ 0 m i m n i f i e ~~j n t  t h m t - r i m - e a l  c’:a-~ e - . l e e r  c o n d i t i o n s  c c b : i e h

_______________________________ — —~~~~ 
— ~~ —t
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c a n  he o b ta i n e d  c c - i t i e  p r e s  eu - mt e- le’c t r - o n  l- e e.-earei ace -e -l c- rators , it c an  be a n t ic i 1 e m e s ~- e !

t h a t  a s ig n i f i c a n t  t h e r m a l  s b - m o e  Ic wil l  a c c o n - m ip a n y  b loec-off f r o m  gr a c A it c . T i c

r e - s u l m i n g  non b loc c-off  i m p ul s e  is c h a r a c t e - r i m - e - d  by com p r e s s i v e- and  t e n s i l e

p o r t i o n -m s  of equal m a g n i t u d e , t i e  c o m p r e m s s i v e  wave  p r o ce e d i n g  at t h e  head of

t h e . - sh och . T h i s  r a i s e s  the  p o s s i b i l i t y t i -mat  f l y e r  s ep a r a t i o n  wi l l  m n ’ t  o c c u r  up on

a r r e v a l  of tb - me r e f l e c t e d c c e n c p r e - s s i o n  cc -av e f r om  the fl y e r  f r e e -  s u u I e e  em , bei t at

an e a r l ier  t in -me cc-I -m e-n t e n s i l e -  p o r t i o n s  c-f i h ~~ the ’ rmn al  s h c e e c k  r e a ch  t ic - (I v~ r —

t a r g e t  i n t e r f a c e — 
- If t h i s  hap~~e - : - , t i - men  t h e e -  f l y e r  w i l l  t r a p  b o t h :  b lowoff  i mp u l s e

and p os i t ive  p o r t e  e f l s  of n o n b ie  e c c e e f f :  I r e a t i n e  I he  - d -  t - c  as aboc-e-  cc -ill  t i d e _ n  tic- c- r—

eS t in eate bl 0cc-off a oh u c e m i  e - i ~c s ti ma te -  m e t  k g r o u n d  -

A second  p r o b l e m :  ~o-  r t a i r c ~- t e e  t i c - - z e r o  C t t - e - c c t t l m b o n d e e  ~c’l~j cIi

m u s t  p rov ide  s u f f i c i e n t  a d h e s i o n  to se  cu r e -  t h e- f l y e r  in p l a c e .  c c n t i l  it is shocked

fr o n  the bob . If ti -me bond is st  c- e u - c  - e - r m - m e u g l c  to ~>~~ 5 s t e n i s 1 c e m m -~ back  to  the  t a r g e t ,

th e : f i v e  r cci l l  t r a c e  s orne t i -mi  n - m g  ic- c ; s t h a n  f u l l  bl oc-  ( i l l  i mp u l s e -  -

Fina l ly  , ed c c e f f e m c t  sa n d  s h e a r  vnic- e S e X C 1I  1 on tb - m e- i n t e r f a c e -  n-toy

z e f f e : c t  t l e e -  t i t c e c ’  at wh ich  t h e  fl y e r  is l a u n c h e d , l i e - n e c - f l e e - r - m ; o n : e - r m - t u n  i t  car l-ic-s .

In viecc- of t i - c - s e . - d c  f e - c -t ic  in - u the -  t e c h n i q u e -  - t h e .- ha  s i c  a~ip r oac h  tak -n

was t e e  make-  a l a rge -  numbe r of shots and hope- f o r  t h e e .  t - i e e r d : e n c e  e m - f a s t a t i s t ic a l

: e r e t t - - r n  in the  d - e t -e - R e s e e i t ~ of i c ; e - r e e u r c - m n c n t s  a r e  s u n i ; n : c a r i - e c - e l  i n  F i gu r e  ] t

c h e t i -  h he - -n p l c t t e - ’~ ~c i t h :  s c - p a ’ e t e -  sym bols i - d i c a t in g  ~~: e e e - s  i~ cvh i ch  fl~e . r~
e i t h e r  was no f l y e r  or  ti - me- f l v ~- r did not sp i e l l  f r e e m  tb -c e b e e d e  ( }wnc - cvas

n m e - ; e  cu r e d ) ,  and i n s t a n c e - s in which se -p a r a f  eon occu re-d  çand  3
b ~~~~ I d  ad)  -

C u r e - c - s  r e - p r c s e c - t c ; roug h f e t e  t h r o u c - h e  t l : c -  s o l i d  sy m b o l s ( n o  spa11) and O g e - n

00e5 f l y e r  s e p a r a t e - - I )  h ave  be.- e - r m  r e c e d e - ;  t I m e - s c -  a r e -  s c - c - n t o  c o n v e r g e -  at a fl~~ e n c e

of a b e e l t 50 cal  / c e ; c ~ and t e e  d i v e  F e l t -  a t  }ii g l m e -r  f l u e n ; c e -s . T b e e - u~e : e c r c u r v e -

r e - 1) i~cS : :t  S j
~ 

, t i i- l etce c r 
~b 

I - m e - f l e e  - t h e e  c l i  f f e  re  m i c e -  i c e  - h -  e - Id t h  - c m - r n  s h e c - e u l d  l e e

J f  . t h e -  b l o c v c e f t  i i : e p u l s c -  f r o m - u i  g r a p h i t e . - . \ t - i t i t  t i m s  i n t e .- r p r e - t  i t i o r u  , a r a b  w i t h - u

h e m -  t p l a c e d  as i n  i’ i t t u r e -  I (- , v a l u - s  r e f  i c l o c v e i t t  i mp u l s e  i n f e -  r i - c - h  f r~~n i  t i -

~iata  C t I ~e - t h u - c  c I i  S t e - c l  in  ‘J~ tbl  e - i i )  - In  m c c l i i i  h i  e e t  t o  ii 0 t r ios  t p re d - c a l  el e. t 1 e

CL m c i a : - : i m i e u t l t  h a r e  b e e t - u  i i s t ( - e l  ~- : l i i e h  c e e r r e - c : e r e e h : ;  t e e  t b -  l I j e 1 e e r  c u r v e  e e l  1- ’ i m ~u r t - I
2i h e -  f i g e c r e -  i r n t p l i e -  no  b lee c c - e e f :  a t  50 e~e l / e t u i  C c i i i 5 ( f ( )  t a l e s  m e !  h e  c u / e m  - bo t h

v a l u e s  I c i n g  c u t - m e l  t n t  w i t h  n i ; e ; e s u r e . - t i l e . - n t c :  C e  l e n t d i n  t i r e  1 c C e V i o u -c s e c t i o n .
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T A B L E  10

BLOWOFF IMP UL S E IN G R A P H I T E

Grap hit e Blowoff , tap sFl u e n c e , ________________________________
ca l /cm 2 Most  P robab le  M a x i m u m

50 0 1050

85 500 1550

130 1050 3350

I - I )

____________ -
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4 .3 R e s u l t s  of Impulse  M e a s u r em ents

4.3.1 Nep tune

Table 11 and Fi g u r e  17 su m m a r i z e  impu l se  measu remen t s  made

on ZDC I with Neptune . Data have been c o r r e c t e d  fo r  anode d e b r i s .  Tr iang les

p lotted in Fi g u r e  18 are  s t r e s s - t i n-m e  in tegra l s  f rom quar tz  gage records .

These  w e r L  i n t e g r a t e d  to the limit of gage  read time ( 1 . 1  m i c r o s e c o n d s and

misma tched  f rom quar t z  to  2DCP u s i n g  l i nea r i zed  theo ry . F r o m  a compar i son

of s t r e s s  and p en d u l u m  data it appears  that a subs tant ia l  f r ac t i on  of total impulse

is developed within  the f i r s t  m ic rosecond . At 130 ca l/ cm
2

, mean  impulse

f r o m  s t r e s s  gage - s  was 5 .7 ktaps while the pendulum read an average  of 6 . 7

ktaps . D u r i n g  gage-  rcadt imn e , 85 p er c e n t  of u l t imate  impulse  was t h e r e f o r e

t r a n s f e r r e d  to the - t a r g e t , at -m d l a t e - t i m e  b lowoff  could not have  exceeded 15

pe rcen t of overa l l  impul se

Table I ~ l i s t s  dos e at re moval dep th f o r  2DCI~ imp u l s e  t a r g e t s

where  mass  loss cc-as m e a s u r e d  .\ l e a n i  value s were-  396 c a l / g m  at 22 c a l / c m
2

,

399 at 55 c a l / c m
2
, and 520 c al/ gm  at 130 c a l / e n -u

2
.

Impe~sc r r i e a su~ Crnc  ~i~ 5 ec c - r e  made  ~a ~)CC unl y at 1 ~ cal

it was decided to beg in t e s t i n g  at this  h-vcl and pr o c e e d  to locv e-r  f l u e n c e s  onl y

if t i - m e r e  was a c lear  p r o sp -ct  of obtaining m e a s u re -able i mp u l s e .  The p r o g r a m

con s i sted of a l t e-rna t ing  shots  on 3DCC and ATJ g r a phite . Grap i-m ite data were

take-n  to p rov ide  a c o n t r o l  and a s t a n d a r d  aga ins t  which  31)CC could be

c o m p a r e d ; sho t s  on g r a p hi te  we- r e . -  r e p e ated h e r e  r a the r  ti-man re- ly ing on r e s u l t s

of the p r e c e d i n g  se c t i o n  to p r o tec t  a g a in s t  the p o s s i b i l i t y of inadv e rt en t

change- s in the  c -x p e i - in -mc-u i t a l  s e t up  or va r iab ili t y in m a c h i n e  p er f o r m a n c e .

Th ree  shre t e m each cc- c- r e- n u t a d e -  or-i 3DCC and AT J; an a d d i t i o n a l  f o u r  shots  were

macic-  on g r a p hi te  t a r g e t s  wi th  a fl y er  to de t e .-r m n i n e  back g r o u n d  i m p u ls e  -

R e s u l t s  m e r e -  g iven  in T ab l e  13 . M e m e m e  i n i j e u l s e m s  (not  c o r r e c te d  for  anode

d eb r i s )  we- re  the  foi l  owi r e p :

61
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T AB L I - ;  13

COMPARISON OF 3 1)CC AND ATJ

IM e~ LSE

U n c o r r e c t e d  U n c o r r e c t e d
Impulse , Impulse ,

Shot M a t e r i a l  kds  k taps

2 123 3DCC 5 . 3 1. 9

2424 ATJ 6. b 2. 4

2 4 2 7  3DCC 7. 0 2. c

— 2- 130 ATJ  4. 7 1 . 6

2 - H Z  3DCC 6.9 2.-I

2 4 3 3  A [J 
- (- . 1 2. 1

2-13~ ATJ + F l y e r  -1 . 3 1 . 5

ATJ f l y cr  5 . e.
~ 2. 1

2 4 3 7  ATJ + Fl y e r  ~~. 3 1 . 9

24 38 ATJ + l 1 y e - r  5. 1 1. 8

In a l l  r e S t - ; t l~ . fl y e r  s j e ~il l e - r h  f r o m - m u  t h e  t ; - m - m - e - t .

- -  ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ T~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ - - ~~~~~~~~~~~~ ~~~~~~~
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B a ck gr o un d ~ 1.8 Kt aps

ATJ:  2 . 1  Ktaps

-
~~ 3 1)CC: 2 . 2  Ktaps

These re - su i t s  indicate ti -mat t i -mere was little if any di f f e r e n c e  be-

tv~e-en ATJ and 3DCC and ti-mat absolute  impulse  was small . Table 14 s u m m a r i z e s

net impulse  value s fo r  the th ree  3DCC shots and g ives  mass  loss data . On the

tc c o shots  for  which  impu l se  was si g n i f i c a n t l y  d i f f e r e n t  f r o m  z e r o , the mean

was 230  taps C

A v e r a g e  dose  c o r r e s p o n d i n g  to n -mass  loss depth  was  2210  c a l / g m .

-1 .3 . 2  F X-3 5

I m p u l s e  m e a s u r e - n - m e - n u t s  m a d e  on 2DCI~ with a nominal  750 I-zc-V

bean-u are  s um mar i ie -d  in Tabl e- 15 and Fi g u r e  18.

At the tcce e  hi g h - m e - r f lu e n c e  l e v e l s  , n - m y l a r  windoce.-s cc-crc emp loyed ;

h e n c e  a co r r ec t i on  fo r  a n o c h c -  d e b r i s  cc-as f le Cc ’S sa ry  . f la c i-m n -oune l  im pu ls e

r c - c o r t h - d  at t h e  nonr i ina l  (~g and 100 c a l / c m
2 c o n d i t i o n s  is s c u n r i m a r i z c d  in

T a b l e  16 ; back g r o u nd  c o r r e sp o n d i ng  t e e  150 ta lu s a t  P0 ca l  / cm 2 
and 810 taps

at 100 cal/cm
2 

\c-as foun d . At 30 c a l / c m
2 

a me’tal cc-indoc-: wmr S emp l o y e d  and

t h e - r e  was no backe  r o u n d  i t c m p u l s e  -

A good deal  of c l i f f i c m u l t y  was  e n c o u n t e r e d with beam c e n t e r i n g

at  30 c a l / c m
2

, and on onl y one sh o t  was the  ta r~~e t f u l l y i i -r a d i a t e d  ( n u m b e r

2200) . TI -me r e m a i n i n g  t w o  p o i n t s  have- been c o r r e . m - c t e - d  fo i-  r e d u c e d  a rea , and

t h e e - c  s emi t t e r about  the -  3 - 7 i c t m e r e m e  r e - c o r d e d  on 2 2 ( 10  -

i ) o s e  p r o f i l e -  m e t  • O  c a l/ cue
2 

cc-a cm s o c : d e - c - b m a t  ;h r a l l o c c e r  t han  t h a t

at 30 (see  S e c t i e e r e  4 . 4 )  bec a u s e  u e m e : u cl e - n m c r g v  waS S e t  too i e i i h  w h e n  t l m e

c h a n g e -  of f lu c ,n r - e - s  ~e.~~~ie u c u a d e - ;  f e e u  t h e  - - I e - a s o n  b e e i e h  a ee e i I l e  r e - a s e -d i  by onl y

- 10 pe r e e - t  r e t i i e - r  I L - n  d o u b l i i e c ;  ~~~ m ; u n n e e t  p r o m e e r l y I c e  p l o t t e d  in t e rms  of

f l u e - n e c -  f u r  t h i s  rc a s e e i e  — - c  r u i o n c -  a 1e ~ e e ; e r ; c ! e - e e e r r e l : m t e e r  n m e i 1 ; h r t  be - peak clo se- ,

i c e c c i u i c  j e  em ; e C m  e t i e  P re - n e - n t  - t i o n e  ~e e u 1  d ~ e l e C i  r as i n  F i~~~ i~c~ I e~

M e s s  l e e - d C ;  ( l e t  e c r c -  sc n n i e m n ; t r i -,’ e - e h  in  l a l ) i e -  I ( t - e  F d e l  c l e l a n u n :et  ion

1
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TABLE 16

F)~-35 B A C K GR O U NI )  IMP U L SE  MEAsUR I- ;rm - 1ENT S

Shot [ Fluence , Impulse ,
N u m b e r  c a l/ c m 2 kilod yne Sec

60 0

2 2 e 3 0 . 16

22e-1 60 0 . 40
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v sp or i z~~t m e e I c  . l) i d e - S c u r s e - S o n - m d i n I C I  t o  u i u z e s s  loss  d e p t h . t i e  r e - f e e r e  r e - p r e - S I I : .t

11cc ’ . e r  l in it -u on e f f e ct i c -~- subl im at ion en e r gy  . \to c -m t value s f - I L  L e - t c - : c - e - r m  t e e-

l i m i t s  100 and 200 cal / gm .

-1 . 1  Beam_ Diagn o st i c s_ fo r  N e n i t u n em -  and F X — 3 5

T h i s  s ec t ion  rec-iecc-s d i a g n o s t i c  m e a s u r e - c e m e n t s  c : - a s l e  on bear cies

u s e d  to t a k e  i : ;m n u l s e  and s t r e s s - t i n-m e  d a t a  on N ep t un e  mm r- d F X - .

- 1 . 4 . 1  N e p t u n e

C a l o r i n c e - t e - r  s l o t s  ceere  I I l e m m d e  r em -gula c - l y as t e s t i n g  p r o g r e s s e d  a~

each 1 e c i e - l, and t h e s e  c-lee r e  used to  ve r  f\ -  n -m ac P i n e -  5t  !ebi j j j \ arId d e t e r m i n e

o pe r a t  l u g  f l u er u c e - . It cc-as g e n e r a l  p r a c t i c e  to  em p loy a f l a t  fa~ ed dl r a c u i m i t  em

c a l o r i m e t e r  at f l u e m ces  belocc- 100 ca l/ cc i~ e a h eoc - em t i -m is  i c -c -el , a con ica l  ‘‘bomb ’

c a l o c - i c e e - u t e - r  pa tt  e - n n i e d  m u R ~ -r that  f i r s t  u s e d  h e y ( o o h c e l - s t e i c m  on ( )~~~m c b l e - I :~t

the  N m e c - m e.i R e - s e - a  r ch  I u a h o r a t  Ory  cc-a :- Us e d  -

An  m t  e n n i c - em : um d  d -o i np le -I  c- ~ob of I- e - } e o r t i u l e l 7  upon  r c p r o e h e i e i b i l i  v ,

u n i f o r m i t y ,  and  these l e r o f i l e s  f o r  N ;- o t u m e beam s  at f 1 e m ~ - n c c - s below 1 00 ca1/c rcc~

has b e -c - n  c l e u i e e  b y l Lm l e a l l h o r n  cIt al - ; a c c eer e l i ng ly , onl y data f e e r  the- 130 c al/ cm n

c o :ic ? i t i o n  is i- c -p o r t e  - l  h e - r e - .

1’ i :1-c r c  20 pl o t s  c~~l c - r i n c  - c t  er  11 . e a s u r e r e -i e m c c t  S I r l a d e  c- - i l  te t I~m t f ace- - I

a n d  c o n i ca l  c a i n r i m n e - t e -  rs at t i 1 e -  i c i 1 . : l - e  st t e ’S i  ing  s t a ti o n  on N c ; - t  une.  1’ roc

a c o mp a ri s o n  of  ~he t ic - c e it i s  n e - e r  t h e t  au e - n e - r c v  loss  r l u e n e m ! m a n i s r ul \c-a~ at

~c-o ml in th~- Cite - e of the  f l a t  e ; e l u r i in c - t e r  ; it m i d  icce t eel an ac  Cml r a g e -  f l u e n i e - em of

~~ c i u j i c e  t h e  c o n i c a l  ( 1 e d . ce -  r ea d  1 3 2  c a l  /c r11
2
. ~ c o t t c - r  a b e e m e u e t  t he  1 3 2  ca l/c m 2

V.-SS i i  m i l l i e  i e e e  I , 1 e - s s I l e e e i  1( 1 ~~e r e  c m  II l~ N .

)n s e - l e r n  f j l c - a t  1 ~O em eil n i
2 

cc -as  d e t e n t -  l i m e d  f r o n u u  ~e — n e - s  of

r~ - r ~ s u ~ :i~~ - - - l  u n t r u e  r o c c u s t i r e - u m e l e t s 1 - u s i n g  e ) r a p h i t e m  f o i ls .  l~ e I  e c i t s  of I c e e a s u u - c - —

n e e C u t . - m e r e  e l O t i , .d  j I m  } - i ~ - c e r e  11 , a m i d  t h e -  d e - c e t h u — c l o s e - P n - e~~~1lc i n f e - r u - , - e h f r o c m m  11j 5

C e e r v e m -  u V i e l e C e - c c i I i e ( ! i f ~~e I r e - c - t i e e t ; o i e  15 S C u e e V  e m  i i e  F i m i n r e  22. Tb1 - ~e l o t  is n o r m —

; i l i : - eI  c c  I u e C i  / ~ ‘ c ’ l i c e  j e f t  m e t .  I ’ e- ;d ‘I r e - - m e - e o r r e sp r n e d i r - e e to  1 3 . ’ ca l  -~cn ~~ in c i d e  c - c t

; c  e~~~j 5  i , r e e f i h -  c ’ :etej  - I 3 0 ( 1  u t l / ~ - .

73
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- 1 .4 . 2  F X - 3 3

U n i f o r m i t y n ie - a s u r e n u i e m i t s  1- ce - u-c m a de -  at 30 and 60 cal/cm
2 
by

t e s t i n g  w i t h  s ing le -  but ton c a l o r i m e t e r s  of d i f f e r i n g  a rea , i n c r e a s i n g  to a -

d iamne t e -r  equal to tha t  of the t a r g e t  - Th i s  a pp r o a c h  was i mp r a c t i c a l  at

100 c a l / c m
2

, ~c’h~- re thee beam a Se-O cc-as only 1 cm
2
. No u n i f o r m i ty data

w e r e  take - n at th i s  1cc- c-i - Table - s 1~ and 19 l i s t  r e su l t s  of c a l o r i m e t e r  data f o r

30 and 60 cal /cm 2
; t h e s e  shoc~’ t ha t  un i f o rm i t y was  re la t ivel y good fo r  both

b -arn s . Rep r o e lu c i b i l it y of f l u e n c e -  f o r  a g iven  c a l o r i m e t e r  s ize  w a s  g e n e r a l l y

10 p e r c e n t  or b e t t e r .

R e p ro d u c i b i l i t y of f l u e - n e c -  m e a s u r e m e n t s  made ~~~tI -m a 1 cm
2

c a l o r i m e t e r  at 100 c a l / c m
2 

is shown in Table  2 0 .

U s i n g  the  t r a n s m i t t e d f iu e n c e  t echnic 1ue , dos e- p r o f i l e s  were

m e a s u r e d  f o r  t I m e - 30 cene l 60 c a l / cm
2 

b e - a nu s  - Because  peak v o l t a g e  at

100 cal/cm
2 

was s imj  l a r  to t h a t  at (eQ , the same- p rofile should app ly to both .

p r o f i l e s  d i e - d I n e - c d  f r o m  t r a u - m s n n i s s i o n  e xp cr i r n e -n t s  us ing

g r a p hi t e -  foi l s  are- shoc c-mi in Fi gu r e - s  23 and 24 f o r  30 and ( -0 c a l / c m
2

.

c c
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1 A l l  L1~ 1 8

B }dANl  U N i l  001 M I l Y  1) A 1A  F O R  I- N —  5
( 3 0  c a l  ~cm 2 B I -~A M )

- - - - - - -- _ _ _ _

Shot C a lo r im e t e -r  F 1uen~- e’ ,
N c ’ . I A r c - a , m u 2- ca l/cm 2

2 1 75  2 . 8 5  32

21 7e 2.85 32

2 17 $  
— 

2.00 33

2 l 7 ~ 
- 2 . 0 0  37

2 180  1. 2 5  35

2 1 8 1  1 . 25 37

2 1 8 2  2 . 85  
- 

3 1

2 18 3  - 00 35

2 1 s 7  2 . 85  38

2 1813 2 . 85 3-1

2 l C e 3 2 . 85  31

2 1 0 - 1  2- 8~ 31

2 l 0 ( -  I

I 

.1 . 8 5  3 - 1

2 1 0 7  I 2 . 85 
C

1 1 e . u r u  i - i n c - n e - c - ,
2 

/ e
m m c l c u e

I I .  2 3  - 
I c , 

-

2 . 0 ( 1  -

) $13 3 1
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Ii h- - \ \ l  I N h I - OR N I  I l Y  I )A  I A  1- OR I- N -- 3 5

( n O  c a l  ‘c n n 2- h I  I - A  1-i )

Shot ( e e l o r i e r e e - t e - m -  
I 

F lu e - e . e  e ,
No. A~ - c- ~e , C u 2 c a l - -‘cm 2

22 3 3 1.25 _ 75 C

22 3- 1 2. 00 f~- 1

22-1 5 2 . 00 70

2246 2. 00 ( -1

2 2 - 17  1 2 . 0 0  60

22113 2 . 0 0  70

22 - 19 1 . 25

2 2 5 0  1 . 2 5  I 73

2 2 5 2  1 . 2 5  75

2 2 5 5  1 . 25 74

22 ( I~ I 
C 00 ( 8

2 2 m - 7  ) Q Q  ( 5

22 7 11 1 . 00 ( 0

2 2 7 3  - - ‘ . 00 58

2 27-1 7. 00 ( ‘2

2 2 7 7  
- 

2- . 00 6 7

A r e -c e , -~ I - 1 - m e  m e V~ c u e - n e d - ,C 
-, / 2-C n i l ’ -  c - mc i , e r i e  -

- 1 . 2’e c - I

I 2 . O I I  e I
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‘1 A B L E  20

R E P R O D U C I B I L I T Y  OF 100 c a l / c m
2 F X - 3 5  I3F~AM

C alo r im ~-t ~ -r  F lu e n c e ’ ,
Shot N u m b e r  A r ea , cm 2 c a l / c m 2

2285 110 94

2286 110 102

2287 11 0 94

2288 110 98

2293 110 75

2294 110 85

2 2 9 5  110 95
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lie-ca use high dose- e lectron be-ams can  p r e s e n t l y he- g e n e r a t e d  onl y

oc- e-r  r e l a t i v e l y  smal l  a r e ’as , s e l e c t i o n  of g a g i n g  t e c h n i que requires some ca re

if  one d i m e - nu s i o n a l  read time- is to be - n u m a x i n u i z e -d - C o n s i d e rat i o n  was g iven to

u s i n g  e i the r qua r t . m  g age -s or m i n i a t u r e  c a r b o n - u g a g e s .  Because ,  l i t t le  was known

about the response of n u i n i a t u  re c c a r b o n  g a g e - s  to e l e c t r o n  beam g e n e r a t e d  shock

wa v es , it was n e c e s s a r y  t ( e  cond uct  an e v a l u a t i o n  of t h e s e -  d e c i c e s  be - fo re -  m a k i ng

a f i n a l  selection of gage- type - I t  Wit S u l t i m a t e l y  d e c i d e - e l  th a t  e l en u o n s t r a t i n g  t I e

app l i cab i l i t y  of r n i n i e e t u r c -  c u  r bon  g a I l c - s  c o n s i s t e d  of a 1u r o g r a m  in i t s e l f , and

qua rt z gage-s  we re  c h o s e-n  as t h e  b a s i c  m e a s u r i n g  te - c h u n i  ~ ue -

In t h e e  hope  ti- mat our  e m - i i e e ~ c - c e - n e c  w i t h  m i n i a t u r e- c a r b o n  g a ge s  mi g ht

p r ove - u s e -  fu l  t u ’  o t h e r s  c c - l e o cc -is h to e - rm I~i c u y th u em in e l e c t r o n  b e - a c m e  cm vi r o n n u e - i e t s

r e su l t  m- of w o r k  w i t h  t h e m  C l  is d i s c u s  S e c 1  in t Iec f o i l  ow ing  sec t i on - c  -

The- ci - t e -  r ci os ’s wi t  I I  p m e-  s e - n t e  t eem el q u ar t z  g e e g  c re - su i t s  and

c h i s  c-us  s ion  of r n e a s u r e n u e - m u t S

5 . 1  C a r b o n  Gage-

C a r b o n  g e e - s  r e q u i r e’ ~e m t i v e - n - m o e u i t c r i e c g ;  e d e - n u s i t i c i t y is t l ce - r e f o r e

d e p e n d e n t  up on h o t i i  I l ie-  f e i c u c t  i onal re - l a t ioo  sh ip  l e e  - t c c  c e  i i  p re- s S Cu m e-  am -m d r e - s  is —

tanc  e- ch a ’cg e- and t i m e -  b ack g r o u n d  no i se  l e v e l tic r c e r i g h  wh ich  e C e t : e n t  i n n : -- t b e

re-ad . As a mi n i mum  , ti-m e s i g u u a l — t o — n o i s ~ - r a t i  on s h o u l d  be 5 :1  - -Nt th is  l e ve l

t i c  - an u p l i t e u c l e - of e x c u r s ion s  c c - n u t ,  - r e-cl on U C e - f u m u d a n u e - r ut a  I as a d c  1) 15  e cviii be

20 pe rcent cm e e - ak— to--ja-;ck , c o r u - e . C e ~ e o n d i i n g  to an u m u c e  c - t m c i i t v  e mf - _ I I I  ~ e c - me-n - mt  in

(U  main cc-ac- c - - If g o e e u l  r e c e e l e e t i  em of d e t m e i l e e l  S t  n - c u e - t i e r , - i n c  t l e  w av e - is r e - qu i rem -d ,

a hi g h e r  flu i m im i urn  g Iv e  I — I d )  — n o i s e d  r a t i o  may  he ne- d~ c C - S a my

i I a e - l~~- r o un d  l-eO i -~ c. - i t - c - c - I C :  a s s o c i a t e - d i  cc- I t l l  t h e e -  e~~u e - r ’ t i o n  of c a r b o n

t~~ i~e-~ on JJ ’ C  ~~ N e - ~~e t U i u c -  - - C  c i n ic i  I - N  — 3 5  r u i a c h u i n e e -s \ c e r e  m int  i-e n moa~n at the-  s t e  i t

of t i n -  p r o m  r m c n u ;  t e e  d e t  e m i m e- t i n - s e -  l u - y e  Is , m i n i  c I c - s t  m u  y a m -  e f l f l ( l d u C t e - d

( l e t  e e l  e x p e - r i r n u - e u t  - n i e j e l e c y c -d  the  s t a n d a r d , 10cc- n o i s e -  s 1 m - h - n u u  uc ed at 11’C c em it h

q u a r t z  g a g e s .  In ( ( u i - C  i cy  - I t - m c i , I I - - g _ e g e -  ; c n d  i t s  o c e t 1 u c u t  c e l t I c - I e e u e c  , e c o n t i n uou s
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C sy s ten  c v h i i c h  is s i u i e - l d e ei e v e  r y c v b i e - r e -  e- ~- :e ~ e - ~ et oc- - r  t l e e- active- cl e . m e n - n t  i t s e l f ;

the ou t e r  c o n d u c t o r  e e f t i - mis  t r i m i x i a l  a r r . t c i g e - n e m e - n t  is g r o u n d e d  to the rreachinc

and to the sc r e - c - mu r o o u - u u . No i se  is typ i ca l l y cut  down tc) abou t  0 .1 volt peak-

t o -p e a k  on Nep tun e and 0 . 0 5  c - c u l t  on ti -m e- F X - 3 5 . Lower  levels  can be obta ine d

by p lacing a skin d e p th t h i c k  cond uc t ing  laye r ove- r the gage -  to t e r m i n a t e  the

t r i ax . In the past  w€- have emp loyed  1/2 m u  t h ick  copper to good effect for

this  purpose  with m a n g an i n  gages  . - \ ‘(d i t ional  noise - red uction gained in tl e i~

way is obtained at ti -ce e xp e n s e  of an inc re ase in ti - me t i n e - i c- r equ i red  fo r  the gage

to come to n -m e c h a n i c a l  equ il i b r i unu , but  this  inc r ea se  is small . Sta nda rd

Dy n a s en u  ca rbon  g a g e - s r e so lve- 20 na ruose -cond  r i se  t imes ; equi l ib ra t ion -u  t i c e  me

in 1 /2  mu copper  is about 5 n a n o s e c o nd s .  P e r f o r m a n c e  degrad ia t ion  by th is

amount is an i m u u p o r t a n t  c o n s i d e r a t i o n  onl y fee r v e r y  sharp  pu l se s

In lieu of no ise  data on ac tua l  ca rb on  g a g e  conf i g ur a t i o n s , it was

p r o j e c t e d ti -mat back g r o u n d  I c -y e - i s  would be t h e  san -m e-  as  those m easure -cl with

qua rtz  c r y s t a l s . This  imp lied t h e a t  a m c u i n i n u u m  si gna l  of 0 . 5  c - c i t  wou ld  be

n e c e s s a r y  f o r  exp e n i e c e - n m  on N e 1u t u c - , - - mend 0 .2~ volt  o l e  t h ee  i- N — 3 5  -

To put these -  m i ne i r nu n c  c-ol tagc  r e n 1u i rc men t s  in  te- m i c u s  of s t r e s s e s

a ca l ib ra t ion  c u r c- e  is n e e d e d , and i t  iS n e c e - s sary  to knocv t h e  o p e - r a t e n g

c l e m c r m c c t e - r i s t i c s  of th e e -  gag e - s - C a l i b rat i o n  c u r v e - s have - b een  pu b l i s h e d  h e y

E f t e c t s  Technology  Inc . and by 1) v n m e s e - n u : in h i i t h e  instances calibi -ections c’ e-re’

det e r m i n e d  f r om  in up a c t  e x g c - r i n u c - n c t a  on g a g e - s  c c l c u e s c  a c t i v e -  e - i C i l C e l i t S  cc e- re-

re1a~~vel y la rge~
1 ‘ 

, ETI  ly e I~~-s w~-r e 1 . 0 — i n c h e s  l o n g  by 0 .4 — i n c h  wide

by 0.001-inch-c th e-N ; gages ca librate - cl b y I) y n u a s c -n cca -r e -  0 . 5 — i n c h  liy 0 . 2 —

i n c h  b y 0 . 0 0 0 - 1— i n c h  t h i ck  - T h e e  1 -T I  c a l i b r:  t I e e n i  in c l u ded  a n u m b e r  of

s h e e t s  at ‘- t r e s s  li v e - I s  lv - locv 10 I’J e , s orn c e  as 10cc - as 2 k h .  The e -  I~ y n a s cn c ; e l —

! h e r m t t j o f l  is ba se d up o n  d i c t a  t u k e n  met  s t r e s s e s  r m e n u g i n u g  up w a r d  f i -on u  12 -  liii

I t  cc-as ou r  u n i c l e - r s t u c e ’ I i c -  t h a t  a locv stress calibration for I)vnrcscn

g a g e - s  - t e e  i c e - c o n - c - a v a i l a b l e -  m ’ s a r e - s t i l t  e e l  g as  gun  t e t m - t i n 1 ’ , u t  i G ~~ G , Sme :t a

B a r b a r a  un c l i -r  cont  - u - -t  t e e  t h e - A h WL  , hu t  ( L i  s was m e t  in  band  u t  U - ~ - st ar t .

i f  C A I ) R h ;

*D y m l e c  c m c-u I)at e She -t No . 2 , I )y na se - n u Inc  - , 2 ( 1  D c - a n  A r n o l d  I ~~~~~~ , C eih ct a , Cal

j e e r s e e n e l  - o n m i n u u m c i e a t e e e n , D r .  J ; t c - q u r e - s  C i u ; e e e s t , -\ c u g u m c - t 2 - 2 -  19 7
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An e s t i m a t e  of the e f f e c t  cvh ich  gage -  c - i m-c c mi g ht have  ouu the ca l ib ra -

t ion can be n - c -made b y c o n s id e r i n g  thee p rocesses b y cvhich r es i s t a n c e  is c h a n g e d

d u r i n g  shocking . Tcv o e f f e - C t~ c o n t r i b u t e’  to th u s change -  . TI-ce f i r s t  is v a r i a t i o n

in r e s i s t iv i ty  of ti -ce gage - m a ter i a l  clue to c rowd ing t o g e t h e r  of ti -m e fin - c e ca rbon

par t i c les  whichu make up t iu um ’ e l e cnuent , and ti-ce second r e s u l t s  f r o m  changes  in

gag e g e om e t r y . If gage  l e n g t h , cvieltiu , and t h i c k n e s s  are  de f ined  as 1 ,

and I , ti -men r e s i s tan c e -  is g iven by t i -me e xp r e s s i o n

p 2
R

cc t

fo r  a g a g e  with- c c u r r e n t  f locving  t i -c rough  ti-ce c r o s s  sec t iona l  a r e - a  wt . This is

t iic  s t a nda  rdl conf i g u r a t io n  . I ) i f f cm r e -n t i a t i n g  , the- fractional change in R whe n p

and t v a r y  as ti -cc- gage  is p la ce -c l  in - c un iax ial  s t r a i n  is

d R  d p  cit
R 

- 
p 

- 

t

T l i c :  u i - i  ec t  io n  dep e nd s onul y on f r a c ti o n a l  e - l i e u i u d y -  s in t h i c k e c e m s  s and

r e s i s t i v i t y ,  l e n c k t h i  and width  c a n ce l i n g  out . ~~ a f i r s t  a 1 e y r o , - m i c c c a t i o n  , t h e r e —

ii. would appear  t iu at  gage- C e t i l l )  ration shou’d e~e- i n d e - 1e e - n c c e , - n t  ~f 1 e t 1 ~~ S i c a i

d i n e m e - c e s i o n s  othe r ti -man t i u i c k n c - s s  . P r e l i n u i n a r y  d a t m e  obta ined at lL~~r & G  on

smal l  ga ge- :- ; s u g - m e- st  t b v u t  t i - m i s  is t i d e  case-  . On ti -ce basis of this e v iden c e  cc- c-

hav e- u s e d  ava i lab le-  ca l i b r a t i o n  c h a t : ,  as if it we-  r e -  u n i ver s i e l l y app l i cab le  to

g a g e - ;-- of i c i l  s iz e - s

E l i  f i  t I e d a cub ic  to  t h e - i  r - i~ u t  - u  and foun d  the follocc ’ing re - l a t i  mu —

s lui p h e  tcv e -e- n st m e -s  s and i.e - s  is ( m c  e e c - c -  c h e t n i g  e-

1’ - 2 1 .8 ( d r )  - 2 1 . 0  
2- 

- 287 (
~ 

) ~

8C c
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V e e  have n - made - a s i n u i la r  f i t  to t h e  D y n c a s e n  data;  the e x p r e s s i o n  c e b t e c i n e d l  cc’as

P -39 .8  (
~

) -- 98.~ - ( d ~~~~
Z 

- 2 17.~ - 
(

~~~~~

)

3

It is c l e a r  ti -cat ti -ce two a re  not the same - , t h e -  Dynasen gage -  b e ing someic-hat

n -m o r e -  s e - m u s i t i c - e- at low s t r e s s  l -ve -ls

AF \ e I .  has  evalua~~-d g a g e s  f a b r i c a t e- r i  b y t hese  tcvo son  r c e s

and lay SRI and has conclude-el  that  the gage  n u o s t  t e c h n i c a l l y m c t i - c e e c e c e d

is that  sol d by Dy n a s e ’ cu . D i s c u s s i o n  is t h e - r e - f o r e  l imi ted  to c a g e s  of th is  t~~~:- .

D y n a s en  g ag e s  a r e  p r e s e n t l y be ing  m a n u f a c t u r e d  in t h e e  s t a c m - h , r d

dime. m s i o n  s l i s t e d  below. F n ~ - r gy  dis  si ( u at i on  by j o u l e  i c - a t  i ! C L  icm e a c h  tv  pe

ruuu st  be luc i d  c c - i t b m i r e  l im i t s  i c i m p lieci by c u r r e -n t  and puls e c c i d i l u s  i u e d i c e t  ed in  the-

t ab le .

N I m - i x i  m i e u m i u
( b e-a c  D i m n c e m i s i o n s , N l a x i n u n c - m u  ( N u r r e - n u t h t - i m ? g e - ‘- :c l t n e - c--

i i c l c c ~s Cei c - r e c u t . e u m u u p s i )u r a ~ ion , ~~sec  Li~ iu P , c-e l - s

~u 5  x 0 2  1 -(0 C~ Si j

0. 2~ x 0. 130 40 8l~

d C  2 x ( l . I 2 0  - ( 0 5

ç y :~ x 0~e~~ 1 , 5 ~5

[Ii l~~~~~e t i e - c  l i c e  c a m e -  i s  o ( e c - r t c - I as  ( - e  e u r c a  0 a I

b c_-c : a c m  S c -  - c  cc u t - c m c c — C e l l ]  r I l ie  oat  i - o i l  c c l  I c y  - 
- 

- i s i n c  e ‘ 1 -

1- P h i c e b  t o  ( l e e  ) re ’ I l ’ e , j i  e~~~ m u - u~~e l -  4~~~ ) 1~e - S t - C e -  t I C  1 ,

- (W’• i n  t e n - e u  - ccl b e r i c l g  - : e . h i u c r -  2 - -  ~~~

- j i o~ ~~,l 
~~ I C C  I - c c  - t 

- I i e e e 1 - c - - e : ~,\C ‘_ l~

1 s ‘ . e j  I 0 C r - - f b  - - I C r  ocm ~ - - m -

f ( C  I I  0 i l d 1  e - ~~r -  ss C ;  - o n -  Ce - e ~ i r m e  - e m C
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V = (R + R ) i = ( 13 6 )  ~3 g

Here  V is the applied voltage.

U n d e r  s t r e s s  the gage  r e s i s t a n c e  d e c r e a s e s  and c u r r e n t  there-

f o r e  inc reases  to a value higher  than that  es t imated f r o m  the express ion

above. Fract ional  change in r e s i s t a n c e  is small, however .  Dr iv ing  voltages

est imated in this  way will m a i n t a in  a c u r r e n t  t h r o u g h  the gage  which is approx-

imately equal to the l imiting value.  For the s t a n d a r d  Dy n a s e n  gag e sizes ,

brid ge voltages c o r r e s p o n d i n g  to the  l imi t ing  c u r r e n t s  have  been l is ted in

column f o u r  of the table  above.

Dy n a s e n  r epo r t s  that  th e i r  g a g e s  have  a t e m p e r a t u r e  coeff ic ient

of r e s i s t a n c e  equal to 9 x 10 c?/ P ° C at room t e m p e r a t u r e .  At hi gh e r

t e m p e r a t u r e s,  th i s  c o e f f i c i e n t  dec  r~~ases .  To e s t i m a t e  t h e  p r e s s u r e  equ i v a l e n t

of a power pulse  at the l i m i t i n g  c u r r e n t , t e mp e r a t u r e  r i s e  can be c o mpu t e d

and u s e d  to d e t e r m i n e  the f r a c t i o n a l  re~~i st a n c c  c h n m e .  Tem p e r a t u r e  r i se

can  be f o u n d  f r o m

=
p c xy t

wh er e  I limit in ~ c u r r e n t

R = S O P

T pu ~e i~P P

p d e n s i t y  of i~a~ el~m en t , ecJu ;l l t 1 . ~ ern /c n~

x , y ,  = a~’ d i ~~~~n s i o n s

~~~~~~~ 
1i~~~t ,  gi~~~n a~ . ?~ ip

F r o m  t h e  e x n r ( s s i o n  ~t l o v e  we f i n d  a 1 rnp er t u r t  r H e  of ab out

80 ( ; t Li~ equa ~~~s ~c ar ~~~ n t r ~~v d cm ’i tv  o~ ?0 ea l I  ~~~~~~ in  H~ ~ e. The (

i~ r es is~ : ; L ~e r t su 1 t i n c ~ f r om  a l e i n p er f u r e  ~~ re~~~c’ of ~1 i s ma n i t ur l e is

0
0. 07?p
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Trim Pot ( 20 ~2)

Signal Out

R
1 I / R

2

R
3 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Gage ( R g )

10 6 . 6 0

6 00

R
3 

86 . 60

— 7 5 0

l’i g ur e  25 . Schemat ic  of Met rop hysics  Powe r Supp ly

.6 

88

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



__________ —‘I

This g ives an equivalent p r e s su re  of 2. 4 kb. To reach this v alue , the gage

must be heated adiabatically throug h a complete pulse. In operation , con-

duction losses to t i .e encapsulat ing material  and target  probably reduce the

res i s t ance  change due to heat ing;  passing a cu r r en t  smaller than the limiting

value throug h the gage would fu r the r  reduce this effect.  For example , pulsing

the 75 mu by 35 mu gage at the lowe r voltage limit of the unmodified metro-

phys ics  supply (180 v )  would reduce c u r r e n t  f r o m  1. 5 to 1. 3  amps and would
cut the t empera tu re  increase  f rom 80 to 60°C. This in tu rn would cause the

thermal  equivalent p ressure  to drop to 1. 8 kb. With modification to the

power supply, brid ge voltage can be fu r ther  reduced and thermal  back ground

diminished.
2Resi s tance  change due to I R heating represen ts  essentially a dc

bias which can be d e t e r m i n ed  for  each gage pr ior  to pulsing it. Gage sensi t iv i ty
is affected by hea t ing ,  h owever , as s ig na l s t r e n g th mus t be comparab le t o o r

g rea t e r  than the the rmal  p r e s su re  equivalent  to minimize  unce r t a in ty  intro-

duced in the p rocess  of d e t e r m i n i ng  s t r e s s  by d i f f e r e n c e  between shock and

thermal ly genera ted  r e s i s t a n c e  changes .

In a repor t  d e s c r i b i n g  ca l ib ra t ion  of the me t rop hys ics supp ly,
( 12)

Rice fo rmula ted  the brid ge equa t ions  n e c e s s a r y  to solve for  output voltage

an f ur c t i on  of f~. act ional  ~ sis t~~~ce chan ge  in t~.c sage arm. Ac~~~~ding te

Rice , ou tput  can he ca lcu la ted  f rom the express ion

• 
R 

~~R 
_ _ _ _ _ _ _

s k I (R + R  ) ( R  + R  +~~~R )
L g ~ g ~
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where

E = yR
1 [R~~~~1~~

+ R2) ]

H = 

R
3
R
4
(R

1 
+ H

2
) + R

3
R
1
R
2

S (H
3 
+ R

g
)(R

1 
+ R

2
) + R

1
R
2

R
4
(R

1 
+ H2) + R1 R2

k =

R
4 
(H

1 
+ R

2
)

R 1, H
2
, H 3 

and H 4 
a re  br id ge res i s t a n c e s  de f ined  in Fi gure  25

R Cage r e s i s t a n c e ,  50 0
g

V = Vol tage  app lied to i r id ge.

Solv ing the  E re la t ion f o r  vol tages  rang ing f r o m  180 to 400 vol ts

wit h  • ~16. 6 .., h 2 
= 70 P~ 1\ 8b . 6 fl , 75 fl , the c u r v e s  p lot ted

in Fi gu r e  26 wer e  obta ined  . These  cu rves  can be e n t e r e d  at output  vol tages

of 0. 2~ and 0. 5 volt to obtain the c o r r e s p o n d i n g  f r a c t ional  r e s i s t a n c e  changes

f o r  each opera t ing  vol tage .  These r e s i s t a n c e  c h a n g e s  can then  be used to f ind

p res  s u re s  ~v 1iieh ~vi1l g ive  output  vo l tages  of . Z5 and . 5 vol ts .  Resul t s of th i s

p rocess  provided e s t i m a t e s  of t h e  m i n i m u m  s t r e s s  which could he r ea d i  O fl

Nep t u n e  and the  F X -  35 f o r  l a r g e  and small  g ages , a s sun ~~n~’ a si gna l — t o - n o i s e

ra t i o  of 5 is  r equ i r ed .  These s t r e s s  va l u e s  a re  su m ma r i~~ec1 below.

It was a s s u m e d  t h a t  t h e  t r im  pot wi pe r  wa s  c en t e r e ( 1  , a d d i n g  100  each  t o

R 1 and R 2 .
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M i n i m u m  Detectable  P r e s s ur e , kb

Req u i r ccl ______________________________________________________________

Output Voltage 75 x 35 mil gage 500 x Z OO mil gage
( 18 0y )  (400 V )

• 
0. 25 V ( F X - 3 5)  0 . 54  0 . 3 9

0 . SV  ( N e p t u n e - C)  0 . 9 4  0 . 5 0

Carbon gages  a re  l imited to r e a d i ng  shocks whose  r i se  t ime is

long compared to the acous t ic  t r a n s i t  t ime  a c r o s s  the ac t i ve  e l e m e n t  and i ts

encapsulat ion.  This r eq u i r em e n t  s tems f r o m  the need fo r  t he  gage to come

into mechanica l  equi l ibr ium with the  shock t h roug h a se r ies  of r e v e r b e r a t i o ns

across  the element.  For the gage  to follow the shock , app lied p r e s s u r e  must

not change  s ign i f i can t ly  d u r i ng  the e q u i l i b r a t i o n  t ime.

Acous t i c  ve loc i t i e s  in kap ton  and c omp o s i t i o n  c a r b o n  a rc  approxi-

mately equal to 3 x 10 ~ c m/ns. The  s ing le t r a n s i t  t ime  t h r o u g h  two 1 mu

layers  of kapt on and a sing le 0. 4 mu l a y e r  of c a rbon  is th c r e f o r e  equal  to

6 x l 0~ c m
t = 4 ZO ns.

3 x 10 c rn/ns

This is the  r ise  t ime  reso lut ion  ci ted by I)y n a sen  fo r  t h e i r  ca rbon  gages~~)
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5 .1 . I Ca rbon  Gage Conf i gura t i on ;  Noise Testing; Circuit Calibration

Noise testing was performed with ATJ grap hite t a r g e t s  bonded to

the gage;  the gage and t a rge t  w e r e  then held in a double-shielded target holder.

A t r i ax  cable ca r r i ed  the gage  leads to a special  en c l o s u r e  within a

double-sh ie lded  s c r e e n  room . Pr o p e r  t e r m i n a t i o n  of all cables reduced

noise in the b r id ge output si gnal to approx ima tely 500 mV peak to peak . Noise

was r e d u c e d  to neg li g ibl y smal l  levels  by complete t e rmina t i on  of the t r i ax

sh ie ld  by co v e r in g  the t a r g e t  with a 0 . 0 0 0 5 - i n c h  copper foi l  g rounded  to the

t r i a x  s h i e l d i n g . Some noise  pickup c o i n c i den t  with the firing of Neptune

Switch I l l  was s t i l l  r e c o r d e d ;  h o w e ver , this n o i s e  signal  occured  wel l  be fo re

g age r c s p o n n e  , so tha t  it did not inte r f e r e  wi th  the br id ge output si gna l .

C a r b o n  g ag e  c on f i g ur a t i o r i  ( m i n u s  c o p p e r  o ver l ay )  is shown in

Fi g u r e  2 7 .

F i g u r e  28 shows  output v o 1 t a t ~e f r o m  the b r i d ge c i r c ui t  when a

smal l  1) y n : t s c n  ca rbon  gage  was put in s e r ie s  wi th  v ar i o u s  p r ec i s i o n  r es i s t a n c e s

to s i m u l a t e  s t r es s  i n d u ce d  c h a n g e s  . The sol id c u r v e  was obtained f r o m

c i r c u i t  ana l y s i s  and r ep r e s e n t s  t h e o ret i c a l  out put . A gr e em e n t  is seen  to be

ex c e l l e n t

5 . 1  .2 1-lec t ron  R e a m  E x p os u r e  of M i n i a t u r e  Ca rbon  Ga~~

M i n i a t u r e  g a ge s  ( 0 .0 7 5  x 0 0 7 5 - i n . )  w e re  t es tedl  wi th  2l .) C}’

ta  r g  t t - - on N t - p tu n e  at 22 cal /cm ; c om p a r a t iv e  r e s u l t s  w e re  a l s o  obtained wi th

q u ar t z  g;i gt  s .  A t yp ical  ca rl )d)n g ag e  r ec o r d  is  shown in Fi g u re  29, and qua r t z

g a g t  t r d c  .- t a l :  ( f l  w i t  P s i  i i i i l a  r t a r g e t s  u n d t  r i d en t i c a l  c on d i t io n s  ar e  shown

irk l• ’ 1 n u i -~ • t n  . (: . r h u n  g a g e  in d i c a t e d  a p e ak  n t r t s s  of 6 .‘~ kb a n d  a I )u l ~~ ’\ \ i d I t l ~

of ;t I ) I u1 () .?5 ~is ;  I n - t i l t  p u l s e  V. k S  t r , i i l e d  oy a s e c o n d  s h o c k  of I . ?  kb amp l i t u d e

O uar t ~ g a g t  s r e a d  a !o a k  s t re s s  of 5 . 5 lW in the  g a g e ;  w i d t h  of t h e  m a i n  p u l s e

~~~~~~~~ . Z5 to  . 3o u s  \‘.i’le . M o n  sh od - . \‘ . 0 ’  f O I I ( ~V.’ ( ( !  b y a t a u t i n  ~v h t i c h i  s t re s s

V.
f)~3
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was e s sen t i a l l y c on s t a n t  out to the gage  cu to f f  point . Misma tch ing  s t r e s s  back

to the 2DCP using l i n e a r  t h e o r y ,  qua r tz  gages  s u g g e s t e d  a t a r g e t  s t r e s s  of

app rox ima te ly 3 .5 kb , or about half  the value r eco rded  with Dyn a s e n  g a g e s .

Because there was subs tan t ia l  d i s a g r e e m e n t  be tween  the gage

t ypes r ega rd ing  both shock m a g n i t u d e  and details of the late t ime pu lse  shape ,

it was conclud ed that min i a ture  ca rbon  gages  should  be abandoiiecl in f avo r  of

m a k i n g  all s t r e s s  rn easu r e ni en t s  with quar t z .

The n e c e s s a r y  gages  w er e  p u r c h as e d  f r o m  Val p e y-F i s h e r Corp . ,

1-lo l i ls  ton , Mass  achus e t t s  , as t h e i r  s t a nd a r d  par t  numbe r OC - 100 . Active

d i a m e t e r  of the c r y s t a l s  was 0 . 2 5 - i n c h es  a c r o s s  the g u a r d  r i n g ;  t h i c k n e s s

was  0 . 2 0 - i n c h e s .

5 . 2  Resu l t s  of Qua r t ,~ ( a r ~e~~~~~an -u r e r n e n t s  on Nep t u n t -  and i- ’ N -35

Quar tz  gage  r ec o r d s  we r e  t aken on 2DCP at 22 , 55 , and 134 c a l / cm
2

wi th  Neptune  and 30 , 60 , and 100 c a l / cm
2 

~~~th FN — 3 5  . R e s  u~t s  a r e  s u n i n i a r —

izeci in Table 21 . The table  l is t :  f l u et i c e  , peak st  r n - s n  in qu a r t - , ., samp le

t h i c k n e s s  , and shock  a r r i v a l  t tn  n - s  c o r re  sp on d l in g  t o  f i r s t  d n - t c c t  :Wlc  d i s t ru b a  nc .

and to peak s t r e s s

.A s e r i e s  of m e a s u r e m e n ts  was  a t t e m l t e d  on 3 1)CC at 130 c a l / c m

U S i . . L .ep tu i5e . T rac~ shL .v:~ dl an , t i i i  t e  no i. ,  t yp ica l  ~af th t s c - k  ii on 2DC I ’

t a r g n - t -  , but no d i s c e r n i b l e  p r e s su r e  ~v a v n -  a r r i v ed  wi th in  the  g o r e  r e a d  I f i l e .

It is t h e r e f o r e  c o n c l u d ed  t h a t  e i t h e r  t h e  shock  r n - a n - l a d the g a r &  h a t e r  t h an

1 .1 ~ sec a f t e r  i r r a d i a t i o n  or peak  s t r e s s  was helov;  t h e  d e t e c t a b l e  l i m i t  . T h i s

l i m i t  is about  0 . 2 ’  kb f o r  N e t u n e

F o r  a shock  ta ’ bc ( l . - l a y e d l  b eyond  g a ge  read t i u n - -  , i t ’  v e I n - n - i t ’

m u s t  h a v e  bc en l e s S  t h an  0 . 14  em /~~n e c  . This  fi g u r e  ~~as  e n i n p u t e d  f r o m  ( , ~ rn ~~

t h i c k ne s s  ( 0 . 3 ) t 0 — i n . )  an d  g a ge  r e a d  t i n -n e ( 1 . 1  ~1sn- c)  . In p r a d l i c t  , a wave

a r r i v i n g  a f t e r  o n -  d i r  l e n s i o n a l  r -ad  t i m e  s h o u l d  s t i l l  ( a u  C a si gna l  to  be

r e d ; a I t h i o t I hl  iL  n a t g n i t t m n - c  I n - d y  1)0 1 he r e a d i l y d e t e r n i i i a b l n -  , it ~ I , ,
~

_ , _ 1~ ’e

sh o u l d  hn- e v d . i i t N o  i n d i ~~~t i~~n of s u c h  a l i t ’  v - a v e  a p 1t r - a r e d  v :i t lu n  t i - n -  ~I \ . ~~~( 1)

t i n - k - of o u r  o s e i l l o a c o p e s  ( s e t  to 5~is ec  f o r  t h . s e  i n e a s u r e i l i e n t s )  . ‘I l i e  c o n —

e l u s i o n  a I ) h e ; t r :  to  Pt t h a t  s t re s s  g e n e ra t e d  iii 3J )CC u n d e r  t h e  I n g l a - a t  ( lOS ( ’s
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emp loyed in this  p r o g r a m  was not , after p ropagation through 0.0(0- inch of

mate r i a l , high enoug h to be m e a s u r e d .  In view of th is  , t c -s ts  at  o t h e r  l eve l s

were  not c a r r i e d  f o r w a r d.

Detailed plots of s t r e s s  fo r  each data shot on Z D CP  are given in

the Appendix to this r epo r t .

For compar i son  with pendu lum m e a s u r e m e n t s, a reas  under

quartz gage traces was determined by integration; using linear theory, results

were mismatched to the targc’t. Results are given in Table 22.
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T A B L E  22

IMPULS E DE TERM I NE I )  FROM Q U A R T Z  GAGES

Fluence , Impulse Impulse
Machine Shot No .  c a l / cm 2 in quartz , in target ,

ktaps ktaps

Nep tune 2038 22 2.1 1.4

2040 22 1.7 1.1

2072 54 2 . 7  1.8

2074 54 3.8 2 . 6

2458 134 7 . 3  5 .0

2460 134 9 . 3  6 .3

F X- 35 2210 33 4 . 0  2 . 8

2212 33 6.4 4.4

2213  33 3 .1  2 . 1

2275 63 4 . 0  2 .7

2276  63 5 . 7  3 .9

3 .6 4

2584 104 9 . 8  6 . 6

2 585 104 6 . 7  4 .6

2586 104 9 . 7  6 .6
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