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A la rge  n u m b e r  of s tudies  have been dedicated to the in terac t ion  of powerful  optical  radia t ion 
with t r a n s p a r e n t  d i e l ec t r i c s  in the prebreakdown o r  breakdown r eg imes .  However ,  the mech-  
an i sm by which the m a t e r i a l  is  des t royed  has no t  been de te rmined  decis ively ,  as indicated by 
the constant  flow of new publicat ions on this theme.  At tempts  to obtain des t ruc t ion  as the r e -  
sult  of e l ec t ron  avalanche [1] give threshold  power values  o r d e r s  of  magnitude g r e a t e r  than ex-  
p e r i m e n t  [2]. In connection with this ,  in r ecen t  y e a r s  the accent  has been to  deal  with the con-  
cept of  m i c r o i m p u r i t i e s  of  foreign pa r t i c l e s  o r  inhomogenei t ies  within the med ium having di-  
mens ions  so sma l l  that  the i r  p r e s ence  and concentra t ion is difficult to monitor .  As it  absorbs  
op t ica l  radia t ion,  the m i c r o i m p u r i t y  (inhomogeneity) is heated and w a r m s  the a r ea s  of  the m e d i -  
um adjacent  to i t se l f ,  which a r e a s  then commence  to absorb  light with signif icantly more  in-  
tens i ty  than they did in the init ial  s ta te  [3l. As a resu l t ,  i n c r e a s e  in absorpt ion  within the med i -  
um c o m m e n c e s ,  t e rmina t ing  in breakdown o r  des t ruc t ion  of the m a t e r i a l  around the inhomo-  �9 
geneity.  In [4, 5] it  was noted that  an impor tan t  role  may  be played in such a des t ruc t ion  mech-  
an i sm by t h e r m o e l a s t i c  s t r e s s e s  in the medium,  which fac tor  was not cons idered  in [3]. In [4, 5] 
i t  was proposed  that  the bas ic  effect  of  t h e r m o e l a s t i c  s t r e s s e s  r educes  to development  of  m i c r o -  
f i s s u r e s  in the medium.  However ,  t h e r m o e l a s t i c  s t r e s s e s  can lead to yet  another  e f f e c t -  n a r r o w -  
ing of the forbidden zone of the med ium and i n c r e a s e  ( toge ther  with the analogous action of t e m -  
pe r a tu r e  growth) in the coeff icient  of  absorpt ion  of the m e d i u m .  In the p resen t  study, the k i n e t i c s  
of  in te rac t ion  of opt ical  radia t ion with a d ie lec t r i c  med ium containing sphe r i ca l  meta l  pa r t i c les  
as an impur i ty  will be calculated,  and i t  will be shown that t he rmoe l a s t i c  s t r e s s e s  produce a 
s ignif icant  contr ibution to the i n c r e a s e  in light absorpt ion by the med ium around a par t ic le .  

1. Formula t ion  of the P rob lem.  T h e r m a l  Conductivity Equation. We formula te  the p rob lem in the 
following manner .  A flux of op t i ca l  ( laser) ene rgy  propagates  no rma l ly  f r o m  a plane sur face  into a semiinf ini te  
d ie lec t r i c  l aye r  (of the fused quar tz  type) with ini t ial  in tensi ty  I 0. Propagat ion in the medium commences  at 
t ime  t =0 and occ u r s  along the x axis. The d ie lec t r i c  is  t r a n s p a r e n t  to the given radiat ion,  but contains an i m -  
pur i ty  in the f o r m  of  me ta l l i c  (platinum) pa r t i c l e s  which abso rb  s t rongly,  thus heat ing up. The par t i c les  have 
the f o r m  of  sphe re s  with rad ius  R, and the i r  concentra t ion is  such that  a f ter  heating ove r  t ime  in te rva l s  con- 
s ide red  he re  the heated and c o m p r e s s e d  zones of  ma t e r i a l  surrounding the pa r t i c les  st i l l  do not ove r l ap  each 
o ther ,  but the absorpt ion of pa r t i c l e s  and heated (compressed)  regions  is  dominant.  F o r  the major i ty  of  physica l  
p a r a m e t e r s  in the p rob lem,  we will use  below values  presented  in [5] for  the case  of  l a s e r  radia t ion in g l a s se s  
with pla t inum inclusions.  The p re sen t  inclusion concentra t ion is s ignif icantly g r e a t e r  than in [5]. This is done 
to d e m o n s t r a t e  m o r e  g raphica l ly  how the absorpt ion m e c h a n i s m  cons idered  he re  can affect  the s p a c e - t i m e  
prof i le  of the light flux intensi ty.  

We a s s u m e  the par t ic le  d imens ions  to be sma l l  (R ~5 �9 10-Tm), while the volume of medium around the 
par t i c le  in which additional absorpt ion  is  marked  is  much l a r g e r  than R. This allows neglect  of  the nshadow" 
beyond the par t i c le  both in calcula t ing t h e r m a l  conductivity and in the e las t ic  par t  of the p rob l em where  for  
each par t i c le  we may  a s s u m e  a spher i ca l ly  s y m m e t r i c  dis t r ibut ion of light absorpt ion by the medium. 

With cons idera t ion  of the above, the t h e r m a l  conductivity equation descr ib ing  heating of the medium 
around a par t i c le  due to heat  l ibera t ion f r o m  the par t ic le  and also due to absorpt ion by the med ium i tse l f  can 
be wri t ten in the f o r m  
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where  p is the densi ty of the medium; c, heat  capacity;  ~, t he rma l  conductivity; b =b0e -E /kT;  2E =El,  fo r -  
bidden zone width (see [3]). The coefficient  of light absorpt ion for  the medium in the fo rm  presented  he re  
allows explici t  considerat ion of  the effect  of heating of  the medium and of the s t r e s s e s  developing therein .  
The conditions for  applicabili ty of such an express ion  for  b are  given below. 

The width of the forbidden zone is a function of p r e s su re .  Relying on data available in the l i t e ra tu re  
(see, e.g. ,  [6]) on the cha rac t e r  of the dependence of  gap width on pre-ssure, for  the t ime in te rva l  under  con- 
s iderat ion here .we may take a l inear  dependence of E on s t r e s s ,  E--E0+fl(rrr  , where q r r  is the radia l  com-  
ponent of  the e las t ic  s t r e s s  t ensor  [7], developing upon heating, and fl~0.001 kTa/p 0 (where P0, To are  the 
init ial  p r e s s u r e  and temperature! . .  

The boundary condition for  Eq. (1.1) has the fo rm  

aT ~/+ ~=R4~R2, (1.2) .443 ~3plCl - ~  r~R = g~2(Z0I -~- ~ "~r 

where Pl is the densi ty of  the par t ic le ;  ci, its heat  capac i ty ;  and s0, absorpt ion coefficient  of  the metal l ic  su r -  
face;  Eq. (1,2) r e l a t e s  the ene rgy  absorbedsby the pa r t i c l e  to par t i c le  heating and heat  l ibera t ion into the medium. In 
the calculat ions the values p = 3* 1 ~ k g / m  ~ c = 1 .3 .10 ~ J / k g -  deg K~ ~r = 1.3 W/m �9 deg K, p + =2 "104 k g / m  ~, c i = 1.3- 
102 J /kg .deg K, I0=2- 10 ll W/m ~ were used,  taken f rom [5], In addition, a0---0.3, T0 =300~ p0=10~ N/m 2. For  
E 0 the value E 0 =60 kT 0 was used,  r ea l i s t i c  for  the given type of medittm. 

2. The rmoe las t i c  S t resses .  The s t r e s s e s  that develop in the medium and par t ic le  will be sought com-  
mencing f rom the assumption of b rev i ty  of the s t r e s s  field es tabl i shment  t ime in compar ison  to the cha rac -  
t e r i s t i c  t imes  of  t e m p e r a t u r e  field variat ion.  The ra te  of t e m p e r a t u r e  field var ia t ion will be de termined by 
the t empora l  behavior  of radiat ion intensi ty,  s ince the t h e rm a l  conductivity mechanism is slower.  Assuming, 
as in [5], a pulse durat ion of  3 . 1 0  -8 sec,  we then c h a r a c t e r i z e  the t empera tu re  ra te  of change by t imes  on the 
o r d e r  of  T i ~10 "9 sec. Elas t ic  s t r e s s e s  will be t r a n s f e r r e d  through the medium at the speed of  sound, 3 �9 10 ~ 
m / s e c .  Taking the ra t io  of the par t ic le  s ize ,  5- 10 -~ m, to the speed of sound, we find the cha rac t e r i s t i c  t ime 
for  var ia t ion  of the s t r e s s  field, v~ ~10 -l~ sec.  Thus, with sa t i s fac tory  quali tat ive accuracy,  r 1 >> T~. This 
allows determinat ion  of the the rmoe las t i c  s t r e s s  distr ibution f rom a quas is ta t ionary  t em p e ra tu r e  distribution.  
In such a formulat ion,  the the rmoe la s t i c i t y  problem has an analytic solution [7]. In fact,  the equation for d is -  
p lacements  of points of  ma t t e r  u(r) has the fo rm  [7] 

o ( l  a(,~,)~_ i+~  Or 
Or r~ ~Tr :]  a 3 ( l _ ~ )  0r '  

(2.1) 

where  a is the coeff icient  of  volume expansion and a is  the Poisson coefficient.  With a known T(r) ,  solution of  
Eq. (2.1) p resen ts  no problem. On the o the r  hand, we may use u(r) to express  the e las t ic  s t r e s s  t ensor  

" [ ] {~rr-- (t .~ (~) (1--'2(~) (t "-~(Y) "~ -7--2~u ~a (t ~_ ~) (T__ T0) . (2.2) 

It  should be noted that ,with significant heating, i t  is n e c e s s a r y  to cons ider  the t em p e ra tu r e  dependence 
of  E, a , a .  In the var ian t  presented  below, the t e m p e r a t u r e  change is re la t ive ly  small ,  and considerat ion of 
the dependence of E, or, a on T would lead only to smal l  co r rec t ions ;  thus i twas  not done. Usingthe assumption 
of infinitely high the rma l  conductivity of  the par t ic le  mate r ia l ,  solving Eq. (2.1) for  the 0ar t i c le  and the medi -  
um, matching the two solutions (the matching condition being equali ty of d isplacements  and s t r e s s e s  on the 
boundary,  with zero  values of the same quantit ies at infinity), then using Eq. (2.2), we find 
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where  r t  = r / R ;  ~trr = g r r / P 0 , a n d  the d imens ion les s  quanti t ies  El, 2 = WOo, ul,2 =u/R are  introduced,  with index 
I r e f e r r i n g  to the par t i c le  and index 2 to the medium,  while rio is  chosen f r o m  the considera t ion  that  the 
vo lume around all p a r t i c l e s  should co r r e spond  to the total  vo lume of m a t e r i a l .  Since the quant i t ies  T and g r r  
fal l  off  quite ra~idly  and the m a j o r  contr ibut ion to absorpt ion is  produced by the zone, of  ma t e r i a l  about the 
pa r t i c l e s  with a radius  on the o r d e r  of magnitude of 5R (as shown by calculat ions) ,  the value of rio may  be 
chosen c lose  to 5R. Equation (2.3) comple te ly  defines the t h e r m o e l a s t i c  s t r e s s  field in the case  where  the 
behav io r  of  T(r) is  known. In the ,ca lcu la t ions  the values  E~ =1.47.106, E2=7-105, ~ j = a 2  =0 .008(T0,g  i =0.39, 
~2=0.22 were  used (see [51). 

3. Kinetic Equation for  Light  Propagat ion.  In wri t ing the kinetic equation for  light propagat ion,  we will 
a s s u m e  that the pa r t i c l e s  have an ident ical  radius  and are  d is t r ibuted  uni formly  throughout the m a t e r i a l ,  while 
the light flux has  a r e l a t ive ly  sma l l  c r o s s  sec t ion  so that  the light s ca t t e r ed  by a par t ic le  leaves  the zone under  
cons idera t ion  and is lost. In cases  r ea l i zab le  in p rac t ice ,  i t  is  n e c e s s a r y  to cons ider  pa r t i c le  s ca t t e r ing  o v e r  
s ize.  This  i s d o n e  by introducing a co r respond ing  dis t r ibut ion function and averag ing  all ca lcula ted quanti t ies  
ove r  this d is t r ibut ion.  I t  was noted in [3] that  with such an averaging,  the ma jo r  ro le  is played by pa r t i c l e s  
with la rge  R, s ince it  is that  they lead to the g r e a t e s t  heating of the medium.  Thus,  our  case  co r r e sponds  to a 
quite na r row par t i c le  dis t r ibut ion ove r  s ize  with an abrupt  slope on the la rge  R side. Such a dis t r ibut ion can 
be obtained in p rac t i ce  when it  is poss ib le  to " f i l te r  off n all  pa r t i c l e s  with a s ize  exceeding some  specif ied 
value.  

Absorpt ion by the m ed i um  is de te rmined  by the coefficient  b =b0 e -E/kT.  The expres s ion  for  b is wri t ten 
in the equ i l ib r ium form.  Such notation is valid for  s y s t e m s  in which the p r o c e s s e s  of  e l ec t ron-ho le  re laxa t ion  
occu r  ove r  t imes  less  than 10 -s see  (the t ime  in t e rva l  cons idered  here) .  It  can be assumed that population 
re laxa t ion  in the reg ions  of the med ium cons idered  he re  will be acce l e r a t ed  by the p re sence  of  the meta l l i c  
pa r t i c l e  su r face ,  s ince the diffusion length of e lec t rons  and holes in a med ium of the given type can marked ly  
exceed the zone s ize  51~ ~3 �9 10 -6 m. This fact  should make the above condition less  rigid. To finff b 0 the value 
b0e-E0/kT0 =0.25 m -1 [5] was used. With cons idera t ion  of absorpt ion  by the med ium and the par t ic le  su r face ,  
we find 

er + co Ol (3.1) o--'i- -~ = --  NnRZco t + 4boR e--E/krr2drl I 
�9 i / 

with boundary condition I(t, x =0) =I  0 and ini t ial  conditions I(t =0, x )=0 .  For  the par t ic le  concentra t ion the 
value N =10 s m -3 was used. In Eq. (3.1) in the oa ren theses  on the r ight  we have 1 ins tead of c~0, which con-  
s i de r s  to ta l  loss  of  light s c a t t e r e d  by pa r t i c l e s .  

Equation (3.1) is not comple te ly  co r rec t .  In tegra t ion  is  p e r f o r m e d  ove r  sphe re s  of  radius  rt0 , which may  
not i n t e r s e c t  the en t i re  volume of the ma te r i a l .  The re fo re ,  the following calculat ion method was used. The 
value of rio was chosen such that within a zone of radius  rl0 the ma jo r  poi:tions of  the changes T(r) and' a r r ( r )  
produced by par t ic le  heat ing were  confined. In the calculat ions the value rl0 = 7R was chosen,  while the value 
of a r r ( r )  fell  off  in this in te rva l  by a fac tor  of  10 3 t imes ,  and the t e m p e r a t u r e  p rac t i ca l ly  reached  T 0. Since 
heating, of  the port ion of the med ium not cons idered  by rl0 is negl igibIy smal l ,  for  that region we take b = 
b0e-E0ykT0. Multiplying this quanti ty by the ra t io  of the d i f ference  between the ini t ial  volume and the volume 
of the sphe re s  of radius  rio to the ini t ial  vo lume,  we find the effect ive  absorpt ion coefficient  of  the medium,  

which will be in t roduced into Eq. (3.1), --boe--E~176 3 ,T\ 

Equation (3.1) then t r a n s f o r m s  to 

OI O I _  Nz~RSco t-4- 4boRe-E/~rr2drl I - - c o b e  -E~176 t7--~-rl0~v) I ,  (3.21 0-7 "t- Co Oz 
1 

which toge ther  with Eqs, (2.3), (1.1}, (1.2) produces  a c losed s y s t e m  which was solved numer ica l ly .  
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4. Computat ion Resul ts .  Evaluation.  The r e su l t s  of  a n u m e r i c a l  solution of  Eqs. (3,2), (2.3), (1.1}, (1.2} 
a r e s h o w n  in Figs.  1, 2 ( 1 - 1 0  -8, 2) 9 . 1 0  -9, 3) 8. ]10-~,4) 7 . 1 0  -9 sec).  F igure  1 shows the dependence of in-  
t ens i ty ,  no rma l i zed  to the ini t ia l  value,  I 1 =IA0, on the d imens ion less  coordinate  xl =x/c0v,  where  �9 ---- t /(~N 
R~c0) ~ 4. l0 -~ c. The  sol id  l ines c o r r e s p o n d  to functions obtained with cons idera t ion  of the i n c r e a s e  in ab-  
sorpt ion  by the med ium due to heating,  as well  as to the s t r e s s e s  which develop. The dashed l ines co r r e spond  
to cons idera t ion  of  med ium heat ing only. The calculat ion was p e r f o r m e d  up to a t ime  value t =10 -8 sac .  It  is  
evident  that  o v e r  such a t ime  s t rong  supp lemen ta ry  absorpt ion  by a r e a s  around pa r t i c l e s  can develop, leading 
to nonmonotonic behavior  of  in tensi ty  and a s t rong  drop in the l a t t e r  o v e r  a per iod of  t ime  of  ~10 -8 s ac  a f t e r  
a r r i v a l  of the light at a given point. The in tens i ty  fal loff  obtained co r r e sponds  to the "shadow wave" of [8] and 
to that  p rev ious ly  obtained in the s i m p l e r  qual i ta t ive model  o f  [9]. 

Thus,  the fo rward  segment  of  the light flux expe r i ences  bas ica l ly  absorpt ion  by an unheated med ium and 
only a sma l l  f rac t ion  of  the absorpt ion  takes  place on pa r t i c l e s .  But, this sma l l  f rac t ion  eventual ly  leads to 
heat ing of the pa r t i c le ,  and then of the sur rounding  medium,  producing s ignif icant  t h e r m o e l a s t i c  s t r e s s e s  and 
growth in absorpt ion  by the m ed i um  i tself .  A s t rong ly  absorb ing  zone develops  around the par t i c le ,  p r o c e s s e s  
in the med ium lose the i r  l inear i ty ,  and an in tens i ty  fal loff  i s  formed.  /~bsorption begins to be de te rmined  by 
heated and c o m p r e s s e d  zones of  the med ium around the par t i c le .  Compar i son  of the solid and dashed l ines of 
Fig. 1 p e r m i t s  c la r i f i ca t ion  of the effect  of t h e r m o e l a s t i c  s t r e s s e s  on absorpt ion  growth in compar i son  to the 
analogous action of  t e m p e r a t u r e .  The contr ibution of  t h e r m o e l a s t i c  s t r e s s e s  p roves  to be significaut .  

F igure  2 is  an aid in unders tanding why this is t rue .  F igure  2 shows the behav ior  of the quant i t ies  
T 1 = T /T  0 - 1  and ~lrr as functions of  rl  = r / lq at the point x 1 = 2 .5 .10  -4. Most r e m a r k a b l e  is  the fact  that  the 
t e m p e r a t u r e  d rop  c c c u r s  m o r e  rapidly  than the t h e r m o e l a s t i c  s t r e s s  fa l lo f f .  I t  i s  evident f r o m  Fig. 2 that  the 
c o m p r e s s i o n  zone around the par t i c le  p roves  to be much l a r g e r  than the heated zone. I t  is  because  of this  that  
despi te  the functionally weake r  dependence of  med ium absorpt ion  on s t r e s s ,  as compared  to the t e m p e r a t u r e  
dependence,  the region of contr ibution f r o m  t h e r m o e l a s t i c  s t r e s s  is  s ignif icant ly  l a r g e r  than the region where  
t e m p e r a t u r e  fac to r s  act. This is  r e f l ec ted  in the i nc rea sed  ro le  of  t h e r m o e l a s t i c i t y  and the n e c e s s i t y  of i ts  
cons idera t ion  in de te rmin ing  the conditions for  des t ruc t ion  of the medium.  
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I N D U C T A N C E  O F  A S I N G L E - C O I L  M A G N E T I C  C O U R S E  

G E N E R A T O R  W I T H  A V A R I A B L E  G E N E R A T I N G  C O I L  

V.  S. F o m e n k o  UDC 538.4 +621.3.072.3 

1. Severa l  types of explosive magnetic genera to r s  are known at the present  t ime [1]. Of these (accord-  
ing to published exuer imenta l  data) the most  effect ive are  the coaxial  [2], p lane-para l le l  n b u sb a r -b u s ba r "  type 
[3, 4], and the ~bellows 'v type [5]. A high magnet ic-f lux s torage  factor  of V ~80%is achieved in these genera tors  
due to the l inear  i nc rease  in the t r a n s v e r s e  c ross  section of the c u r r e n t - c a r r y i n g  conductors  (busbars) in a 
region adjacent to the inductive load. 

The ini t ial  inductance L 0 of p lane-para l l e l  explosive magnetic genera tors  depends on the geomet r ica l  di- 
mensions of the c u r r e n t - c a r r y i n g  conductors  and, in oar t icu lar ,  is proport ional  to the i r  length. Hence, in such 
genera to r s  a high cu r r en t  gain (kT= (L0/LH)~? , L H is the load inductance) is achieved due to the long length of 
the conductors ,  which leads to a high gene ra to r  ope ra t ing t ime  of ~ 100 psec .  

The dimensions and operat ing t ime of p lane-para l l e l  explosive magnetic genera tors  can be reduced sev-  
eralfold by placing the busbars  around a cyl indr ica l  conducting tube with the charge of explosive mater ia l  along 
the axis. In [6] the operat ing t ime of the gene ra to r  was reduced to 20 ~sec  in this way. The c u r r e n t - c a r r y i n g  
conductors  in this genera to r  (a s ingle-coi l  generator)  had a constant c ross  section,  which reduced ~? at the end 
of the gene ra to r  operat ion,  when the magnetic field s trength reached a va lueh ighe r than the  cr i t ica l  value H,  
for  the conductor  ma te r i a l  (e.g., for  copper  conductors  H.  ~1 MOe [1]). 

The ef f ic iency of a s ingle-coi l  gene ra to r  can be increased  by shaping its cu r ren t  contour by a parabolic 
i nc rease  in the generat ing coil f rom the cur ren t  t e rmina l  to the inductive load [7]. This form of var ia t ion of 
the generat ing winding is s imi l a r  in fo rm to the inc rease  in the genera tor  cur ren t  and l imits the inc rease  in 
the l inear  cu r r en t  density j+ (t) = V (t)r (t) (the magnetic field strength H+ (t) =0.4~rj+ (t)) along the line 
of dynamic contact  of the envelope with the coil z+(t) while the genera tor  is operating.  By choosing the geo-  
me t r i ca l  dimensions and the value of the initial  magnetic flux of the genera tor  ~0, one can ensure  the maximum 
permiss ib le  cu r r en t  mode of the conductors  (with r e spec t  to the field value H+(t ) -  1 MOe), which is not ex-  
ceeded during the operat ion of the genera to r  at the stage of the e lec t r i ca l  disruption of the skin surface  of the 
conductors.  This mode of  operat ion is the most  convenient for  producing miniature explosive magnetic gene ra -  
to r s  with specif ied e lec t romagne t ic  p a r a m e t e r s ,  viz . ,  energy  and power.  
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