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The transport of the absorption zone of laser radiation along the beam is considered. It is shown that at 
sufficiently high laser intensity, q,>q, the wave-propagation regime differs in principle from the known 
regimes [Yu. P. Raizer, Laser Induced Discharge Phenomena, Consult. Bureau Chap. 6; Sov. Phys. JETP 21, 
1009 (1965)l. In particular, the plasma temperature T* behind the wave front decreases with increasing q,, 
and the wave velocity D(q,) increases more rapidly than a linear function. The structure and regularities of 
the propagation of the ionization wave are determined. 

PACS numbers: 52.40.Db 

There a re  four known regimes of the transport of 
the absorption zone of laser radiation along the beam: 
breakdown, optical detonation, radiation, and heat 
conduction.12 Theoretical and experimental investiga- 
tions of these regimes1-lo show that the dependence of 
the front velocity D on the laser-radiation intensity 
go is weaker than linear: 

D-go', 'I,<s<l.  (1) 

The experimentally observed relation D - q,3.5-2 
offers evidence of the existence of an uninvestigated 
"fast" regime of front propagation. We shall call this 
arbitrarily the fast-ionization-wave (FIW) regime and 
calculate the threshold of the regime and the structure 
and regularities of the wave propagation. 

Streak photographs of the ionization waves show that 
at a weak qo(t) dependence the propagation of the front 
of the wave rapidly becomes stationary. We use a s  an 
example in our calculations a plane stationary wave in 
hydrogen, inasmuch a s  the cross  sections of the elemen- 
tary process in this gas have been most fully investi- 
gated. 

RADIATION TRANSPORT 

The temperatures a r e  expressed here in electron 
volts and go in W/cm2, w is the laser  frequency, and 
T , ,  a t  T* a r e  the electron temperatures ahead and 
behind the FIW front. The threshold q of the FIW regime 
in hydrogen, for neodymium-laser radiation, is 8 
G W / C ~ ' ,  i.e., go> 8 GW/cm2, and the plasma tempera- 
ture  T* in all the calculations did not exceed 15 eV. We 
obtain 6< lom3. Thus, the heating of the electron gas in 
the FIW regime is due to the laser radiation. 

The role of thermal radiation of the plasma, which is 
important for the FIW regime, reduces to ionization 
of the gas,') i.e., to ascertain the properties of the FIW 
Eq. (2) need be solved only for the hard part of the 
spectrum, hv >IH. 

The photoionization of the unexcited hydrogen atom i s  
described by the spectral coefficient of the free-bound 
absorption12 

Here N is the number of atoms per cm3 and I ,  is the 
ionization potential of hydrogen. 

We assume that the intensity of the thermal radiation The absorption of the laser  and thermal radiations 
within the cross section of a cylindrical optical channel by free electrons in elastic collisions with ions and 
differ little from the value calculated for the channel atoms describes the spectral absorption coefficient 
axis (see Figs. 5 and 6 of Ref. 2): corrected for stimulated emission: 

In this case the propagation direction Q is character- 
ized by the angle 9 between the vector C2 and the channel 
axis x;  R is the radius of the beam, 

and the radiation-transport equation can be represented 
in the form 

Here I,,, is  the intensity of the equilibrium radiation, 
and 3 is the absorption coefficient. 

The radiation of the plasma from behind the front 
ionizes the atoms ahead of the front and heats the elec- 
tron gas. Let Q, and xedo be the energy released when 
the electrons a re  heated by thermal and laser radiation, 
respectively. It can be shown that 

-- 
cn. fro 

Here o, is the conductivity of the plasma and n, is the 
refractive index; 

v, is the frequency of the elastic collisions of the 
electrons with the ions and atoms. 

We discuss now the character of the variation of the 
absorption coefficient in the fast ionization wave. We 
introduce a coordinate system connected with the front 
of the FIW. Let, for the sake of argument, the wave 
propagate in the positive x direction. The FIW regime 
is not connected with the hydrodynamic transport and 
is a superdetonation regime. The ionization of the gas 
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in the front of the wave is not accompanied by a change 
of density, and noticeable expansion of the plasma sets  
in at a distance ( x ~ > R  behind the wave front. From 
among the thermodynamic variables, the only one that 
influences the coefficient n,ph is N, therefore ahead of 
the absorption front (up to z -0.1, where z i s  the degree 
of ionization) the coefficient sh is independent of the 
coordinate : 

In a narrow absorption-wavefront I,, the coefficient 
nLh decreases by a factor (1 - z*)-', and assumes a 
new (coordinate-independent) value 

The asterisk marks the variables behind the front of the 
FIW (-R< x< -Ifr), i.e., after the absorption of the laser 
radiation but before the start  of the plasma expansion. 

The coefficient of the bound-free absorption vZh de- 
creases abruptly in a plasma layer of thickness -Ef,; 
the bremsstrahlung coefficient 4 - z , on the contrary, 
increases rapidly in this layer. Ahead of the front, 
-A;> >> %,o, therefore the combined absorption coef - 
ficient in the hard part of the spectrum can be repre- 
sented in the form 

The photons hv s I, ionize some of the atoms of the 
cold gas relatively far ahead of the front. The free 
electrons produced by photoionization within the limits 
of the optical channel generate an electron avalanche 
in the next gas layer ahead of the front, if the intensity 
of the laser radiation is high enough, qo>Q. More ac- 
curately speaking, the gas ionization rate ti consists 
of the photoionization rate tiph and of the rate ri, of ion- 
ization by electron impact: 

Calculations performed for a number of typical com- 
binations of experimental parameters show that the con- 
dition rip,,>>& is satisfied only during the initial stage 
of the ionization of the next gas layer. Further de- 
velopment of the avalanche takes place at a relation 
iph<<ti, if go> ?j (see Fig. 4 below). The condition 
rip,>> ri, is  satisfied at a distance X from the absorption- 
wavefront which is large compared with the width of the 
front I,. In the calculations performed, X/I, -20-100. 
This circumstance simplifies substantially the solution 
of Eq. (2), since the true profile of the coefficient 
xu(%, hv>Z) differs from the steplike profile (5) only in 
a narrow band I X I <  1,. Inasmuch a s  the photoioniza- 
tion is  substantial only over a distance x-X>> 1, from 
the front, the steplike approximation (5) introduces 
a small e r ro r  in the calculation of the sum (6). 

The thermal radiation that enters into the zone of 
the priming ionization from behind the front is  emitted 
principally by a cylindrical volume of radius R and 
height Hz R. Since the FIW regime is superdetonational 
and R >> lfr , we can regard the density and temperature 
of the plasma within this volume as  constants, in 
analogy with Refs. 1 and 2. 

For a medium with an absorption coefficient (5), the 
solution of Eq. (2) is 

I~ (x ,  6) =Iveb (i-exp{-xv'~(6) )) exp {- *) cos 6 + I : ~ ~ ( I - ~ X ~ { -  *]) cos 6 . 

(7) 
Here L(9) i s  the length of the "tube" radiating at an 
angle 9: 

LC%)= HI cos 6, Ot6<6,- arctg (RI[H+x]) 
R/ sin 6-21 cos 6, 6,<6<6,-- arctg (Rlx) (8) 

Iwi=Iveq (TI. (9 

Ahead of the absorption-wavefront the atoms and 
electrons have substantially different temperatures, 
To<< 1 eV and T,,,> 1 eV. This ra ises  the question of 
which temperature to use in the calculation of the inten- 
sity I;, of the equilibrium radiation of a two-tempera- 
ture  system. 

The answer can be obtained by the following reasoning. 
The emissivity of the plasma is j,-nn,. If the degree of 
ionization is at equilibrium, z = z, , then m, - exp(-I/ 
T,) and, in accordance with Kirchhoff's law we have 
I,,-exp(-I/T,), i.e., IVeqz, =I,,,(T,). Ahead of the 
absorption-wavefront, the degree of ionization is 
lower than the equilibrium value by several  orders of 
magnitude, so that also 

Therefore the intensity of the equilibrium radiation was 
calculated using the temperature of the atoms: 

Ivcqo=I*eq (To). 

The absorption of the laser radiation is described by 
the equation 

with the absorption coefficient (4). 

IONIZATION KINETICS 

The rate of photoionization of the atom by the thermal 
radiation i s  

At laser-radiation intensity go - (10-1000) GW/cm2, 
the average electron energy in the avalanche is F-(1-5) 
eV. The ratio of the probabilities of excitation and ion- 
ization of an atom by electron impact is 

Here ofa is  the combined cross  section for the excita- 
tion of atomic levels by electron impact, and the angle 
brackets denote averaging over the Maxwellian distribu- 
tion. Thus, excitation of an atom i s  much more frequent 
than ionization. The excited atoms a r e  rapidly ionized 
by the laser radiation. Thus, e.g., the probability of 
ionization of the 2 s  level of the hydrogen atom by two 
photons of a ruby laser i s  w - lo4 sec-' a t  go = 10 
G ~ / c m ~ , ' ~  i.e., the photoionization of excited levels by 
laser  radiation can be regarded as  instantaneous, since 
the photoionization time w-' is much shorter than all the 
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relaxation t imes involved in the problem. 

The effective frequency of the ionization of the atoms 
by electron impact consists thus of the frequency of 
the direct ionization and the frequency of the level ex- 
citation: 

To check on this statement, Phelpsx4 calculated the 
avalanche development time in argon and compared the 
results with experiment. The comparison has shown 
that the assumption of instantaneous photoionization of 
the excited levels corresponds more to reality than the 
assumption of direct ionization by electron impact. 

The first  electrons appear in the light channel a s  a 
result of the photoeffect a t  a distance A ahead of the 
front; It can be shown that the main contribution to the 
production of the priming ionization a r e  made by photons 
with hv -30 eV, therefore the initial electron energy 
amounts on the average to ZPh-20 eV. The probabilities 
of elastic and inelastic collisions of electrons of this 
energy a re  close in value. Therefore the energy lost 
in elastic collision with the atom is low, A& - m c / M ,  
and the electron ionizes o r  excites the atom after 
several elastic collisions. The excited atom is ionized 
by the laser radiation. The loss of the photoelectron 
energy in inelastic collisions exhausts practically com- 
pletely its initial energy reserve,  and the remainder is 
consumed in elastic collisions. Thus, practically each 
photoionization act yields two free electrons. The time 
of ionization of the atom by the photoelectron (Zph 
= 20 eV) is shorter by two orders of magnitude than the 
time necessary for the appearance of a new generation 
of electrons in the avalanche so  that the doubling of 
the photoelectron can be regarded a s  instantaneous. 

Summarizing the statements made above concerning 
the ionization mechanisms, we can write the ionization- 
kinetics equation in the form 

The photoionization probability of the atom a,h is  cal- 
culated from formula (12), aPh=~-'Tiph, and the ra te  of 
impact ionization is aNn =nu,. 

Recombination comes into play only during the con- 
cluding stage of the avalanche development, when a 
degree of ionization z - z, / lo i s  reached. The recom- 
bination rate is calculated in the usual manner from the 
equilibrium constant and the ionization ratex2: 

HEATING OF ELECTRONS AND ATOMS 

We consider the motion of aplanar layer of gas towards 
the front of an FIW. Neglecting the small change of 
the thermodynamic properties of the gas within the 
limits of an arbitrarily layer, we write down the energy 
conservation law for the electron subsystem: 

The electron energy is consumed in heating, excitation, 
and ionization of the atoms, I is the average energy 
consumed in formation of one electron, and is close to 

the potential of the first excited level (13). 

The rate of ionization and excitation by electron impact 
i s  

The volume density of the internal energy of the electron 
subsystem is2) 

The atoms and ions form a second subsystem, which 
is heated in elastic collisions by energy transfer from 
the electron gas: 

We eliminate ce and q from (16) with the aid of (11) 
and (17). Adding the obtained equation to  (18) multi- 
plied by 3 ~ / 2 ,  and integrating from x S  -1, to x-  m, we 
obtain the energy conservation law: 

Equation (16) is linear i n n  at z<< z,, therefore the 
growth of the degree of ionization in the course of mo- 
tion of a selected layer of gas takes place at constant 
electron temperature Te,o(qo). Only attainment of an 
ionization degree comparable with the equilibrium 
value at the given temperature can decrease the energy 
lost by the electron assembly to ionization of the atoms 
and create conditions for an increase of T,. Starting 
with this instant, the ionization "follows" the tempera- 
ture growth. 

Since the electron temperature in the avalanche is 
constant, it can be determined from (16) by equating its 
right-hand side to zero. Neglecting recombination, we 
write ie= u p ,  so that we can represent (16) in the form 

Substituting the explicit expressions for the collision 
frequenciesu *15*16 

vr=naOaNii.exp(-IIT,), 5.= (8T.lnm)'", 

v.,=2.5.10-"NB.exp (-I'/T.) , (21) 
v,=2.2~10-'~+2(2nlm)"e~An~.-* 

in Eq. (20), we obtain the explicit relation q =q , (~ , ,~ ) .  
Inverting this relation, we obtain the dependence of the 
electron temperature in the avalanche ahead of the front 
on the laser-radiation intensity T,,,(q,). Here a, is  the 
Bohr radius and A is the Coulomb logarithm. 

THE SOLUTION 

The quantity X was defined above a s  the distance be- 
tween the front of the absorption wave and the gas layer 
(perpendicular to the light-channel axis) in which the 
first  priming electrons a re  produced, i.e., the ioniza- 
tion ra te  has a certain physically small value. To make 
the further calculations specific, we assume a s  the 
minimum ionization rate &, =l'$" such that one electron 
is produced in a volume of 10." cm3 during the time of 
passage of the wave through the layer of 1 ,urn, i.e., 
A t  = lo-¶ c m / ~ .  Here D is the wave velocity in cm/sec: 

1085 Sov. Phys. JETP 52(6),  Dec. 1980 V. I. Fisher 1085 



The choice of the numerical value is quite arbitrary,  
but reasonable in order of magnitude. It must be em- 
phasized that the quantity n, is  introduced only to deter- 
mine the initial coordinate A ,  from which the integration 
of the system ( l l ) ,  (15), (16), and (18) begins, and the 
ionization wave s tar ts  where a t  least one electron is 
produced during the characteristic time in the character- 
istic volume. The dependence of the solution on the 
value of n, is very weak. Thus, e.g., at R =1 mm, 
,Vo = loZ0 ern-=, and qo =30 GW/cm2 an increase of n, by 
two orders of magnitude compared with (22) decreases 
the wave velocity from 895 to  733 km/sec. 

The laws governing the propagation of the FIW can be 
easily determined by numerically integrating the sys- 
tem (111, (15), (16), (18). From the intensity of the 
thermal radiation (7) one calculates the atom photo- 
ionization ra te  (12). The initial coordinate X is deter- 
mined from the condition (22). At this point, we specify 
the initial values 

The quantity T,(qo) is calculated from (20) and (21). To 
simplify the calculations, the gas was assumed to  be 
atomic? and therefore we assumed To =0.5 eV. The 
connection between the initial and final states is en- 
sured by the energy conservation law and by the Saha 
equation (equilibrium of ionization in the final state), 
but one equation is insufficient to  find the three quan- 
tities D, T*, and z*.  In problems on the structure of 
optical detonation waves, the system is made closed by 
the Jouguet condition. In the problem of the structure 
of the FIW, the flux of the thermal radiation was cal- 
culated under the assumption that the "step" of the 
absorption coefficient (5) is located a t  x=O, and there- 
fore the solution of the system of differential equations- 
the structure of the wave-should satisfy this require- 
ment. 

The wave velocity D is an eigenvalue of the equations 
that describe the structure of the waves. The same 
problem of finding W ar ises ,  e.g., in the theory of com- 
bustion or in the theory of ionizing shock waves in a 
magnetic field. The condition for the determination of 
an eigenvalue is, in the standard formulation, the pas- 
sage of the integral curve through two singular points 
corresponding to equilibrium state ahead of and behind 
the wave. In the considered problem, it turned out to  be 
more convenient is practice, in the calculation of the 
leading radiation to choose in explicit fashion the origin 
(the initial equations a re  invariant to the shift x- x+xo). 
The solution of the equations for the structure at the 
chosen origin satisfy the boundary condition a t  a single 
value of D. Integrating this system of equations for 
different values of D, we choose a s  the wave structure 
the solution closest to (5), namely, the one satisfying 
the requirement 

An arbitrary change of the wave velocity by 1% com- 
pared with the solution shifts the step by AX > > I , , ,  thus 
attesting to the high accuracy with which the solutions 
a r e  obtained from the condition (23). 

I0 I00 
p,, ~ ~ l a n ~  

FIG. 1. The transition from the optical detonation regime 
(y= 5/3) to the FIW regime in hydrogen. Neodymium laser. 
Gas density ahead of the front No= loz0 ( a )  and 9 x loz0 

(b). The numbers indicate the radius of the beam in 
millimeters. 

DISCUSSION OF RESULTS 

The most notable feature of the FIW regime is the 
unusually strong (compared with Refs. 1- 10) D(qo) 
dependence observed for argon and xenon in an experi- 
ment with a high-power CO, laser.'' A similar depen- 
dence is  obtained from calculations made for hydrogen, 
Fig. 1. The threshold of the transition from the optical- 
detonation regime (y = 5/3) to the FIW regime amounts 
t o  p =(8-10) GW/cm2 and depends little on No and R. 
The strong D(qo) dependence for the FIW regime near 
the threshold makes the threshold practically indepen- 
dent of the course of the D(qo) curve at qo< 4. Near the 
threshold we have D -q3,-* in analogy with Ref. 11, and 
a t  qo >> 4 we have D - q:+', where 0 < ~(q, )  << 1 is a de- 
creasing function. A decrease of the exponent with in- 
creasing go was observed also in Ref. 11. 

A typical FIW structure is shown in Fig. 2. In this 
calculation, the wave velocity is 236 km/sec, the 
plasma temperature behind the front is 2.35 eV; the 
equilibrium degree of ionization is z,*, =0.174; X =0.2 
mm; ZF 3 5  pm; H = R =  1 mm. The profile of the ab- 
sorption coefficient is given for hv =21.5 eV. The 
relation %- v-' at hv>7 T makes it possible to recal- 
culate this profile for other frequencies. The appreci- 
able value of the absorption coefficient behind the front 
x: is explained by the relatively low temperature T* in 
this calculation (see Fig. 3), by the low ionization Z;(T*), 

L, prn 

FIG. 2. Structure of FIW in hydrogen. No= 9 x loz0 ~ r n - ~ .  
Neodymium-laser radiation intensity go= 20 G W / C ~ ' ,  R =  H= 
I mm. 
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FIG. 3. Plasma temperature behind the front of an FIW. 
The notation i s  the same  a s  in Fig. 1. 

and consequently by the low photoabsorption, see  (3)- 
(5). Figure 4a allows us to compare the ra te  of aval- 
anche ionization with the ra te  of the photoionization in 
the waves shown in Fig. 2. The time is reckoned 
"backwards" from the instant that the wavefront is 
reached by the considered gas layer. The ionization of 
the cold-gas layer takes place in this calculation a t  r * 
= 0.9 nsec. A comparison of the quantities 

I t 

shows that the role of photoionization in the wave reduces 
to a "triggering" of the electron avalanche. The ratio 
z,,(O)/Z,(O) increases gradually with decreasing go, i.e., 
with weakening of the avalanche mechanism, but even 
near the threshold of the transition to the optical detona- 
tion regime (Fig. 4b) the ra te  of photoionization i s  lower 
by one order of magnitude than the rate of avalanche 
ionization. 

The functions ~ ( q , )  and T*(q,) a re  connected by the 
energy conservation law (19). In the FIW regime, s(q,) 
> 1 in a ratio D -q,S, therefore an increase of q, is 
inevitably accompanied by a decrease of ~ * ( q , )  (Fig. 3). 
The unusual form of the ~ * ( q , )  dependence is also a 
distinguishing feature of the FIW regime, while in the 
remaining regime the function T*(q,) increases mono- 
tonically. Such a substantial difference of this relation 
from the results of Refs. 1-10 is quite easy to explain: 
in the F IW regime, the increase of lie with increasing 
T,,,(q,) is much more substantial than the decrease of 
iph due to the decrease of ~*(q, ) .  

In conclusion, we discuss briefly the influence of the 
parameters R and No on the regularities of the FIW 
regime. At high pressure of the cold gas ahead of the 
front, the plasma temperature T* behind the front is 
low, the ionization of the gas is weak, z*-0.2-0.3, and 
already at R =0.1 mm the optical thickness of the 
luminous layer is large practically in the entire ionizing 
part of the plasma-emission spectrum. The spectrum 
and intensity of the radiation a re  thus close to equili- 
brium at T*, therefore a n  increase of the radius of the 

FIG. 4. Comparison of the ra tes  of avalanche ionization and 
photoionization in an FIW propagating in hydrogen opposite 
to the radiation of a neodymium laser :  a )  go= 20 Gw/cmZ, 
N o =  9x10" cm-" RR- 1 mm; b )  go= 10 G W / C ~ ' ,  N o =  10" ~ m - ~ ,  
R= 1 mm. 

beam has practically no influence on the FIW param- 
eters.  At a lower gas density ahead of the front (N, 
= loz0 cm-3) the spectrum and intensity of the plasma 
radiation depend substantially on the beam radius (via 
the optical thickness of the hot zone), and therefore 
the parameters of the FIB also depend on R. 

The discovery of the FTW regime has a strong in- 
fluence on the choice of the optimal regime of com- 
pression of gas targets for laser-driven thermonuclear 
fusion. At q,>B the absorption zone of the laser radia- 
tion is coupled to the front of the optical-detonation wave 
for a relatively short time-the formation of the lumin- 
ous plasma layer causes detachment of the absorption 
zone is coupled with the FIW front. The growth of q, 
is  accompanied by a growth of T * only at q, < 71, after 
which the temperature decreases sharply, thus de- 
creasing the momentum transfer to the surface of the 
shell. 

The author thanks S. I. Anisimov and P. P. Pashinin 
for helpful discussions. 

"It i s  he re  that the difference between the FIW regime and 
the radiation regime ( RR) manifests itself. "' In the RR 
the plasma should ensure by i ts  thermal radiation the trans- 
port of the. front-to increase the velocity it i s  necessary to 
increase T*. But then the energy conservation law calls 
for a decrease of the function D (qo)/gO with increasing go, 
f rom which it follows that s <1 in ( 1 ) for the RR. 

"1n the performed calculations the contribution of the Cou- 
lomb interaction to the internal energy i s  small. The plas- 
m a  i s  a nondegenerate ideal gas. 

S '~l lowance for the kinetics of the dissociation and for the col- 
lisions of the electrons with the molecules complicates some- 
what the calculations, but does not change the character of 
the solution. 
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Distinguishing features of generation of the second 
harmonic of an electromagnetic wave in a magnetoactive 
plasma 

N. S. Erokhin, S. S. Moiseev, and A. P. Shuklin 
Kharkov State University 
(Submitted 10 April 1980) 
Zh. Eksp. Teor. Fi. 79,2152-2166 (December 1980) 

Second-harmonic generation upon incidence of an electromagnetic wave on a weakly inhomogeneous plasma 
is investigated under conditions when the plasma density gradient is perpendicular to the external magnetic 
field. The efficiency of energy conversion into the second harmonic is calculated and the dependence of the 
effect on the polarization of the wave incident on the plasma is indicated. 

PACS numbers: 42.65.Cq 

INTRODUCTION 

It was shown earlier1 that when a p-polarized elec- 
tromagnetic wave is incident on a weakly inhomogeneous 
cold isotropic plasma, a second harmonic is observed 
in the reflected signal. This effect occurs only in an 
inhomogeneous plasma because of the following circum- 
stances. First ,  in  an inhomogeneous isotropic plasma 
the nonlinear current induced a t  double the frequency by 
the incident wave is not purely longitudinal, but has a 
transverse component proportional to the gradient of 
the plasma density. Second, in an inhomogeneous iso- 
tropic plasma there exists near the critical-density 
surface a unique high-Q resonator in which the ampli- 
tude of the f i rs t  field harmonic reaches anomalously 
high values. Owing to the small thickness of this reso- 
nator (compared with the wavelength of the second har- 
monic), the spectrum of the spatial harmonics of the 
nonlinear current broadens and occupies the region of 
the second-harmonic phase velocities, and i t  is this 
which leads to effective generation of the double-fre- 
quency wave from the region of the critical plasma den- 
sity. 

Second-harmonic generation has by now been investi- 
gated by many workers (see, e. g., Refs. 2-51, the 
main premises of the theory have been confirmed, and 

the effect is being used in plasma diagnostics. Since 
the plasma contains frequently quasistationary magnetic 
field (either produced by extraneous sources o r  spon- 
taneously generated in the plasma a s  a result of the de- 
velopment of various in~tabilities~:'~), a need ar ises  for 
the study of the effect of the magnetic field on the gen- 
eration of the second harmonic of the electromagnetic 
wave. This is important both for a correct  interpreta- 
tion of the experimental data and to determine the con- 
ditions under which the effect can be used, a s  well as 
the distinguishing features of the second-harmonic gen- 
eration in  a magnetoactive plasma. 

The features of second-harmonic generation in a mag- 
netoactive plasma a r e  connected mainly with the change 
of the dispersion of the electromagnetic waves. Thus, 
in  a magnetoactive plasma it  is necessary to take into 
account the possibility of synchronism (coincidence of 
the refractive indices) between the harmonics, even if 
the thermal corrections to the wave dispersion a re  
negligibly small. An important role is played by the 
presence of points of intersection of the electromagnet- 
ic-oscillation modes, a s  well a s  the agreement between 
the location of the singularities of the first  harmonic 
and of i t s  refractive index. It will be shown below that 
in a magnetoactive plasma a singularity of the second- 
harmonic field can be located in the region of propaga- 
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