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The effectiveness of investigations in the plasma physics is determined to a signfieant extent by the 
variety and reliability of the diagnostic methods utilized. One of the main methods is recording of plasma 
electromagnetic radiation in the frequency range from the x radiation to the microwave radiation bands. 
Broadening of the frequency range yields additional information about a plasma and permits increasing the 

confidence in the results obtained earlier. 

Results of recording the electromagnetic signal in the radio frequency band (i MHz-lkHz) generated by 
the plasma, and produced during the concentration of a powerful (~ 105 W) light pulse on a metal target are 
described below and discussed. 

i. A neodymium pulsed laser of the type GOS-301 operating in the free generation mode was used in the 
experiments. The total energy per pulse of ~ I msec duration reached 150 J. Steel plates of 2.5-em diameter 
and 0.5-cm thickness were used as targets. The light was focused on the target by a beam perpendicular to the 

axis by a lenswiththefoeal length i0 cm. Measurements were performed by using a dipole antenna with a 5-cm 
arm length connected to the differential input of an oscilloscope. The antenna was parallel to the laser beam 
at 5-10 cm from the target and the beam. In order to check the light flux, part of it was deflected by a plane- 
parallel plate to a FEK-09 device from which the signal went to the second ray of the oscilloscope. Operation 
of the supply circuit and ignition of the laser pumping lamp were accompanied by intense electromagnetic 
interference. Special noise countermeasures were undertaken during the experiments (double shielding of the 
cables and the working space in which the plasma was produced and the field was measured, selection of the 
grounding sites and of the apparatus, etCo)o These measure permitted a 50-60 dB reduction in the noise level. 
Nevertheless, a setting produced by the pumping lamp ignition pulse was recorded in the experiment. The 
sufficiently stable interference mode (it was recorded on an oscillogram obtained during sparkover of the laser 
beam (Fig. I)) permits it to be isolated on the working oscillograms, of which an illustration is presented in 
Fig. 2 (the arrow in Figs. 1 and 2 denotes the time of the beginning" of laser operation, the sweep is 200 
psec/div, and the sensitivity is 1 mV/div). 

An electromagnetic signal is a sign-varying pulse with a characteristic time scale tp ~20-50 psec (subse- 
quent field variations are longer: they are characterized by the time scale ~200-500 psec). The pulse ampli- 
tude is 200-500 gV, which corresponds to a field intensity of E D ~ 50-i00 pV/cm. A considerably higher fre- 
quency noise is superimposed on this signal, whose amplitude grows in the time tn ~ 100-200 #sec (this same time 

also characterizes the subsequent drop in the noise amplitude). While the radiation field pulse is a sufficiently 
stable signal being duplicated under invariant test conditions, the noise amplitude can vary significantly. 
Examples of two oscillograms, obtained under invariant test conditions, are presented in Fig. 2 and on which 
a considerable difference in the noise amplitude is recorded (steel target). 

2. A number of hypotheses can be made relative to the physical phenomena assocaited with any feature 
of the signal being generated. Firstly, simple estimates show that metal evaporation should start practically 
simultaneously (in the sweep scales) with the laser emission. Actually, the energy flux density q of the laser 
beam focused on the target surface is directly related to the temperatm'e gradient T (along the x axis): q 
-zT/x. The depth X of the heated metal layer increases with the time t as X ~ (~t/cp) i/2 [I] (~4 is the coeffi- 
cient of heat conduction, c and p are the specific heat and the density of the target material). The]fefore, the 
temperature on the target surface grows at the initial times according to the law 

7" ~ q ( t l co•  
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Fig. I Fig. 2 

Metal evaporat ion s tar ts  at  those t imes t b when the surface t e m p e r a ~ r e  reaches  the boiling point. Taking the 
pa rame te r  values [2] c -~ 5 �9 102 J/kg" deg, p = 8 �9 10 s kg/m 3, u = 70 J/sec �9 m" deg, T b = 3 �9 10~~ for the steel target  
as well as the energy flux density q= 6" 10 ii J/sec �9 m 2, we obtain that evaporat ion s tar ts  tb= 10 -8 sec after the 
beginning of the laser  radiation. 

One of the above-mentioned hypotheses about the nature of the e lec t romagnet ic  signal is the assumption 
that the pulse observed  in synchronism with the beginning of laser  radiat ion is a quadrupole field formed by 
charges separated because of kinetic effects on the front of the dispers ing metal vapor ,  and charges  induced on 
the surface of the metal  target.  The magnitude of the e lec t r ic  field due to this effect  can be est imated on the 
basis of the following considerat ions.  

Let  charge separat ion occur on the f ront  of the dispers ing vapor,  then the e lectron p res su re  p (p = nkT, 
where n is the e lec t ron  density and T their temperature)  is equalized by the polar izat ion field E o which exists 
within a double charge layer with surface density Z 

p = E 0 ~  = 4 ~ E  2, ~ = (p/4~)1/2 = (nkTIS~)l/~. 

The thickness L of the double layer on the front can be determined from the balance conditions for the thermal  
energy  and the charge  separat ion energy at the front  of the dispers ing metal  vapor :  since eEoL= kT, then L= 
(kT/4~rne2)~. As is seen, this quantity agrees  with the Debye radius in the p lasma [3]. 

The total dipole moment  D of the double layer on the front  of vapor dispers ing at a distance R 

D N E L R  2 N kTR2/e  

together with the charges  induced on the metal  ta rge t  surface,  produces a field Ep outside the dispers ing metal 
layer  which agrees  with the quadrupole field 

Q .-. D R  N k T V / e ,  

where R is the dimension of the dispers ing vapor,  and V is their  volume. Therefore ,  the amplitude Ep of the 
e lec t r ic  field generated can be est imated at the distance r f rom the relat ionship 

E p  N k T V / e r L  

According to this formula,  the magnitude of the e lec t r ic  field outside the sys tem of polar izat ion charges can be 
expressed  in t e rms  of the total thermal  energy W of the metal  vapor and the density N 

E p  .~ W / e N r  4, 

which permi ts  a specific est imate.  For  instance,  by giving the quantity W = 150 J and N = 1026 m -3, we obtain 
the value Ep = 100 ~V/cm at the distance r = 5 .10  -2 m. A potential difference of 500 tW, which corresponds  
approximately  to the amplitude of the signals actual ly observed,  should be recorded  in such a field with the 
5 cm long a r m s  of  the antenna actually used in the experiments .  This c i rcumstance  might be a confirmation 
of the hypothesis expressed  about the nature of a pulse synchronized with the beginning of laser  radiation. 

3. Having re la ted  the regula r  pulse t0 p roces se s  accompanying vapor dispersion,  it is natural  to explain 
such features of the t ime dependence of the field as the noisy signal component by the features of vapor d i s -  
pers ion,  the flow turbulization. Agreement  between the est imates  of cer ta in  quantitative turbulent vapor dis-  
pers ion  cha rac t e r i s t i c s  and the observed e lec t romagnet ic  noise charac te r i s t i c s  indicates this. For  instance,  
it can be assumed that vapor turbulization occurs  during the passage of  the isotropic dispers ion f rom the 
metal  surface  at the initial t imes to the mode of je t  escape f rom the c ra te r  formed at the target  after  evap-  
orat ion of the metal.  Let us es t imate  the time of the change in modes.  The ra te  u at  which the c ra t e r  depth 
grows is es t imated by the rat io between the radiant  energy flux density q and the sum of the energies needed 
to heat the ta rge t  to the boiling point T b and the evaporation energy 0 

u ~ q / p ( c r  b + o) 

The t ime t during which the c ra t e r  depth is commensura te  with its d iameter  d (in o rder  of magnitude coinci-  
dent with the diameter  of the focused laser  beam, at the initial t imes in every  case) will be the desired time 
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for the change of modes .  Subst i tut ing the quant i ta t ive  c h a r a c t e r i s t i c s  of the me ta l  ( p = 8 "  103 kg/m 3, c = 5  �9 102 
J k g ' d e g ,  Tb=3 "103~ ~ =6" 106 J/kg) and of the l a s e r  beam (q=6"10  ll J / s e c . m  ~, d =5" 10 -4 m) in the r e l a t i o n -  
ship t ~ d/u ,  we obtain the value t ~  50 psec ,  which a g r e e s ,  in o r d e r  of magnitude with the obse rved  t ime t v for 
the ampl i tude  of the noisy s ignal  component  to grow. It should a lso  be noted that the turbulent  efflux of the 
vapor  is  c h a r a c t e r i z e d  by the s ame  f requenc ies  as the obse rved  noisy e l e c t r om a gne t i c  s igna l  component.  Let  
us show this .  As is known (see,  e .g . ,  [4]) a continuous energy  flux e due to the motion with ex te rna l  sca le  I to 
s m a l l  pu lsa t ions  with the i n t e rna l  s ca l e  l0 ex i s t s  in a turbulent  flow. The ve loc i ty  v of the l a rge  pulsa t ions  with 
sca le  1 ag ree  a p p r o x i m a t e l y  with the ve loc i ty  of me ta l  vapor  escape .  The re fo re ,  the min ima l  f requency of the 
turbulent  pu lsa t ions  is fmin ~ v l .  The max imum  frequency of the turbulent  pulsa t ions  is 10. The m a x ima l  f r e -  
quency of the tu rbu len t  pulsa t ions  is de t e rmined  by the vapor  motion in the domain of inner  sca l e s  l0 with the 
c h a r a c t e r i s t i c  ve loc i ty  ~ ,  i . e . ,  fmax~V0//0 . For  s m a l l  s ca l e s  the main  flow p a r a m e t e r s  I0 and v0 depend on the 
ene rgy  flux e and the gas coeff ic ient  of v i s c o s i t y  ~: lo N (v3/e)l/~, ~'o "~ (ev) ~/~ (see,  e .g . ,  [4]). There fo re  

1max N vo/l o N~(e/v)~/2 ~ v / l (v l / v ) l /2  .... (Re)t/~/ram ~ 

where  Re (Re ~ v l / v )  is the Reynolds number .  Let  us e s t i m a t e  the magnitude of the Reynolds number for the 
flow under  cons ide ra t ion .  E x p r e s s i n g  the coeff ic ient  of v i s c o s i t y  ~ in t e r m s  of the sound speed a and the 
molecule  mean f ree  path k in the me ta l  vapor  v ~ a k  and set t ing a ~ v ,  we obtain Re ~ I / k .  The mean f ree  path 
in a p l a s m a  heated to the t e m p e r a t u r e  Tv is k N i / r  ,-.. ( 4 n s o k T v ) 2 / N e  4 (where r ..._ (e~-14neokTv) ~ is the Coulomb 
co l l i s ion  c r o s s  sec t ion ,  see  [3], for  instance) .  The re fo re  the Reynolds number  is e x p r e s s e d  in t e r m s  of the 
me ta l  vapor  concen t ra t ion  N, the t e m p e r a t u r e  Tv, and the c h a r a c t e r i s t i c  d imension p of the je t  flow: 

Re N e 4 N l / ( 4 ~ % k T v ) %  

Since T V ~ W/kNR 3, then by se t t ing W = 150 J,  N = 1026 m -3, l = R = 10 -2 m, we obtain T v = 105~ The value Re ~ 10 
c o r r e s p o n d s  to such a vapor  t e m p e r a t u r e .  This means  that  the flow of me ta l  vapor  is e s s e n t i a l l y  turbulent .  
Under the a s sumpt ion  v ~ a  for Tv = 10~~ we obtain v ~ 103 m sec.  Assuming  the ex te rna l  pulsa t ion  sca le  l 
to be on the o r d e r  of the s ize  of the d i s p e r s i n g  vapor  cloud 10 -2 m, we obtain fmin ~ 102 kg. Hence, fmax ~ 
~]/~R-e-/rai~ ~ t0 kHz. The re fo re ,  the i n t e rva l  of the turbulence  f requency s p e c t r u m  in the meta l  vapor  cloud 
o v e r l a p s  the s p e c t r u m  of the r ad io  f requency band studied in this paper .  

4. The a s sumpt ion  was e x p r e s s e d  above that turbulence  occu r s  because  of the fo rmat ion  of a j e t  flow in 
the meta l  vapors .  D i r e c t  obse rva t ions  of the d i s p e r s i n g  vapor  cloud s t r u c t u r e  can be an i nd i r ec t  conf i rmat ion  
of the r e a l i t y  of the p roposed  m e c h a n i s m  to genera te  the h igh- f requency  noise p r e s e n t  in the e l ec t romagne t i c  
s ignal .  The appea rance  of j e t  flows was obse rved  in [5] in an inves t iga t ion  of the in te rac t ion  between l a s e r  
r ad i a t i on  and a p l a s m a  corona during beam focusing on the meta l  su r face .  It was noted in x - r a y  photographs of 
the p l a sma  corona  that  the quite def ini te  h e m i s p h e r i c i t y  of the vapor  cloud was spoi led in a s igni f icant  p a r t  of 
the c a s e s ,  and the fo rmat ion  of je t s  of e leva ted  luminance occu r red .  Moreover ,  the in t r ins ic  e l ec t romagne t i c  
field of the explos ion  domain of a high explos ive  was inves t iga ted  in [6]. The r e c o r d e d  s igna l  is a f ield pul -  
sa t ion in which the c h a r a c t e r i s t i c  f requency  v a r i e s  with t ime f rom low to higher  f requenc ies .  Photographs of 
"he explos ion  p roduc t s ,  obtained s imul t aneous ly  with the m e a s u r e m e n t  of the e l e c t r om a gne t i c  field in [7], 
lermitted the disclosure of a cellular structure of the front of the dispersing products, which is possibly asso- 

ciated with the turbulence of the flow behind the front. It should be noted that a change in the pulsation fre- 

quency fmax and fmin permits determination of the Reynolds number in the plasma corona, i.e., it can be the 

basis of an express method of determining the nature of the hydrodynamic flows in the corona. Such a method 
could turn out to be useful in investigating the problem of corona stability, which is one of the central problems 
on the road to laser thermonuclear fusion [8]. 
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The propagat ion  of intense opt ica l  rad ia t ion  in a medium containing a solid a e ro so l  causes  a number  of 
t h e r m a l  effects  r e su l t ing  in a change in the ene rge t i c s  and s t ruc tu r e s  of the opt ical  beam.  Thus,  turbidizat ion 
of a med ium containing solid micro inc lus ions  (soot cong lomera te s  of the d imension ~ (2-5) 10 -4 cm) which 
i nc r ea se  with the i nc r ea s e  in the power flux of the act ive  radia t ion,  has been detected in [1]. The authors  of [1] 
a s s u m e  that  the main r e a s o n  for  the turbidizat ion is the des t ruc t ion  of the soot  cong lomera te s ,  however ,  the 
f rac t ionat ion p r o c e s s  i t se l f  was not invest igated in detail .  

The purpose  of this paper  is to study the dynamics  of a single ac t  of soot cong lomera te  des t ruc t ion  in a 
field of  intense l a s e r  rad ia t ion  and the invest igat ion of ce r t a in  c h a r a c t e r i s t i c s  of this p r o c e s s .  

Expe r imen t s  on the act ion of an intense l a se r  pulse  on individual a e ro so l  pa r t i c les  we re  pe r fo rmed  on 
the appara tus  whose block d i a g r a m  is shown in Fig. 1. N e o d y m i u m - g l a s s  l a se r  radia t ion  1 of the type GOS- 
1001, with up to 103 J ene rgy  opera t ing  in the f r ee  genera t ion mode with the pulse durat ion ~ (1-1.9) 10 -3 sec 
and the wavelength ~= 1.06 p m w a s  used as the act ive  source .  The powerful  rad ia t ion  was focused by the lens 2 
with the focal  length F = 150 c m  into the working volume of the chamber  8 in which soot  pa r t i c l e s  were  d i s -  
pe r s ed  by an a i r  flow. The par t i c les  obtained were  cong lomera tes  of i r r e g u l a r  shape with the mean effect ive 
d i ame te r  ~ 5" 10 -4 cm.  

A signal  f r o m  the Ft~U-28 3 was supplied to the osc i l loscope  C 8-2 6 in o r d e r  to de te rmine  the beginning 
of the action,  and to check the durat ion and shape of the rad ia t ion  pulse.  The flow of the soot  pa r t i c les  during 
the action was r e c o r d e d  a t  a 900 angle to the di rect ion of propagat ion  of the act ive radia t ion  by using a FEU-28, 
7 f r o m  which the s ignal  was supplied to the osc i l loscope .  To e l iminate  the influence of sca t t e red  rad ia t ion  of 
the act ive  l a s e r ,  a f i l ter  with a l m o s t  100% re f lec t ion  coeff icient  for X= 1.06 # m w a s  placed i n f r o n t o f  the photo- 
mul t ip l ie r .  The t ime  of the beginning of action on the a e r o s o l  and the beginning of r eco rd ing  its glow on the 
osc i l loscope  was synchronized by using the delay module 5. The o s c i l l o g r a m s  cha rac t e r i z ing  the par t i c le  glow 
p r o c e s s  in the channel  and the pulse shape were  photographed.  

The ene rgy  of the act ive  rad ia t ion  was checked during the m e a s u r e m e n t s  by using the IMO-2 4. 

Mounting of  a photographic appara tus  with a microphoto  a t t achment  in place  of the FEU 7 permi t t ed  
obtaining an in tegra ted  p ic ture  of  the des t ruc t ion  of the soot  pa r t i c l e s .  A typical  photograph of the p roces s  is 
p resen ted  in Fig. 2. The a r r o w  indicates the di rect ion of the acting radia t ion.  Photography yields a graphic  
r ep r e sen t a t i on  of the d i spers ion  d i ag ram  of the des t ruc t ion  products ,  an impor tan t  c h a r a c t e r i s t i c  in analyzing 
the t r a n s f e r  of  opt ical  rad ia t ion  in a e ro s o l  media  subjected to the effect  of intense light pulses .  The mean  
veloci ty  of pa r t i c le  motion is ~ 2 �9 102 c m '  s ec - t .  It is in te res t ing  to e s t ima te  the contr ibution of the light p r e s -  
su re  force  and the r eac t i ve  fo rce ,  which govern  during in terac t ion  between a powerful  l a s e r  pulse and an 
ae ro so l ,  to the par t i c le  motion. 

Let  us e s t ima te  the veloci ty  of the motion of an individual soot pa r t i c le  in a l a se r  beam because  of the 
light p r e s s u r e  force .  The equation of pa r t i c l e  motion in a i r  can be wri t ten  in the f o r m  [2] 

Ft~ + F d ---- Mdv/dt,. (1) 
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