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corresponding curve for Hg2+. However, the rela
tive yields of differently charged ions are closer in 
case of Xe+ and Hg+ than for Kr+. Starting with 
the production of triply charged ions, the ionization 
cross sections for large E 2 decrease by a factor 
of approximately 4-5 with detachment of each 
succeeding electron from the singly-charged ion. 
The curves have been plotted with account of the 
background observed for masses corresponding to 
the detachment of one electron with the electron 
gun turned off, amounting to approximately 10-15 
percent of the peak produced by the ionization of 
the ions with the electrons at E 2 = 250 eV. 

The cross sections for single ionization of 
singly-charged ions increase sharply when the 
energy E1 of the electrons in the ion source is 
increased by 15 eV starting with 1-3 eV above 
the potential for the appearance of the correspond
ing doubly-charged ions. These results lead to the 
assumption that the ion beam contains several 
groups of ions with large metastable excitation. 
Such ions can appear as a result of the ionization 
of the atoms from the internal orbits. A value of 
- 10-15 cm2 for the effective cross section of single 
ionization of Kr+ at the maximum of the ionization 
curve, estimated in our experiments accurate to 
within a factor of 1.5, is therefore not unexpected. 
The cross section for the production of doubly 
charged ions upon ionization of singly charged ions 
is 5-10 times larger than for ionization of the cor
responding atoms. The cross sections for the pro
duction of ions of equal charge multiplicity but more 
than doubly charged, by collision between high
energy electrons and Hg+, xe+, and Kr+ ions agree 
with those obtained by collision with the correspond
ing atoms, accurate to within a factor of 1.5-2. 

We present the relative effective cross sections 
<rmax for single ionization of different ions in the 
region of the maximum for the ions investigated by 
us (the energy E 1 of the electrons was 150 eV): 
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The error in the determination of the relative 
cross sections is ± 30 percent, with the exception 
of the ionization Ar+ and Ne +, for which the er
ror can reach± 50 percent. It is seen from these 
data that in the case of ionization of ions with 
many electrons the value of the effective cross 
section for single ionization depends little on the 
charge multiplicity of the initial ion. The cross 
section for the ionization of singly charged ions 
is larger for ions with a large number of electrons. 

We are grateful to Prof. N. N. Tunitskil for a 
discussion of the results. 

!)Smooth curves have been drawn through the experimental 
points although in some cases kinks can be seen, for ex
ample for the production of Hg>+ ions with E2 "' 60 eV. 
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KINETIC instability of a plasma occurs when the 
higher-energy levels are more probable. For the 
Cerenkov and cyclotron buildup of the field oscil
lations, inversion in the population of levels is ac
tually necessary for the particles whose velocity 
is close to the field oscillation phase velocities. 
In the present paper we wish to indicate another 
possibility for the instability of plasma. This pos
sibility is also connected with inversion in popula
tion of the particle levels, but for velocities which 
can differ substantially from the phase velocities 
of the field oscillations. 

As is well known, the rate of change in the num
ber of quanta Nk, caused by their scattering on the 
particles, is given by the formula: 

dNk . 
-dl = 2nn ~ IV (k, I) [2 {[(Nk + 1)f (p + nq) (1- f (p)) 

/, p 

X N1Nk (N1 + 1) f (p) (1- f (p + nq))l 

X 6 (Ep+llq- £p- nwk + 1iwt) + [(Nk + 1) (Nt -! 1) 

X f (p -) nq') (1- f (p))- NkNd (p) (1- f (p + nq'))] 

X 6 (Ev+llq' -Ep- nwk- nw1)}, (1) 
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where f( p) is the particle distribution function and 
q = k -1 and q' = k + 1. 

For plasmas which are of practical interest, it 
is often possible to disregard the quantum effects 
(naturally, this does not mean that the instability 
discussed below is impossible in quantum sys
tems). Then (1) can be written in the form: 

dWk 
dl=2:rt~JV(k, I)I 2 {~WkWt['IJ(wk~wt. k~l) 

l 

(2) 

Here 
Wk = nNk, cp (w, k) = ~ dpf6 (w- kv), 

\jJ (w, k) =- \ dp6((u- kv)(k8f/8p). (2') 
<I 

An increase of Wk with time can signify a transfer 
of oscillation energy from one spectral region to 
another. This is connected with the positiveness of 
the function wljJ. The function wljJ can also assume 
negative values. In the latter case, the amplitude 
of oscillation of sufficiently high intensity increases 
in time. The physical process causing such buildup 
of oscillations is the scattering of the oscillations 
by the particles. 

We should note that, the function wljJ(w, k) is 
negative also for the kinetic plasma instability 
connected with the reverse Cerenkov effect. The 
arguments of the function 1/J are then the frequency 
and wave vector of the plasma oscillation. The es
sential difference from the possible plasma insta
bility under discussion here lies in the fact that in 
our case the arguments of the function 1/J are the 
sum or difference of the frequencies and wave vec
tors of two plasma waves. For example, in the 
case of high-frequency and comparatively rapid 
waves, instability can thus develop at relatively 
low velocities given by the relationship: 

v (k - I) = Wk - WJ. 

In other words, the instability under discussion 
calls for inversion in the level population of the 
particles taking part in the scattering, for which 
the following laws of conservation are fulfilled 

k + P= I+ p'. 

(3) 

(4) 

It is obvious that formula (3) is the classical limit 
for the conservation laws (4). The following inter
esting consequence follows from formula (3): slow 
currents in the plasma can be unstable with re
spect to buildup of comparatively rapid waves. 

For a plasma in a magnetic field with an in-

homogeneous spatial distribution of the Larmor 
orbits, the instability will be characterized by the 
function 

(n) ~ ( kxv3_dQ ) 
'IJii (w, k) = ~ dp6 W- 2Q2 dy- nQ- kzVz 

F • ( iJf nQ iJf ckx iJf\ 
X i(n, k)Fi(n, k) kz-iJ --iJ~~--1. Pz v 1. Pl. eBiJy; 

Here 

VL[· • n J Fx(n, k)=k~ tkyJn(~)-kx"""f Jn(~), 

vl.[ . ' n J Fy(n, k) = k l. -lkxJn (~)- ky """f Jn (~) , Fz = v.ln (£), 

n is an integer, Q = eB/mc is the Larmor fre
quency, the z axis is directed along the magnetic 
field, vi= [B x v] 2/B2, and ~ = k1v1 /Q. 

It is clear that the instability in question against 
buildup of electromagnetic oscillations can occur 
not only in a plasma, but also in every medium 
where inversion in level population occurs. It may 
be necessary here to make a quantum investigation 
of stability conditions. However, none of this 
changes the important feature of such an instabil
ity, namely the need for a large oscillation ampli
tude, since the instability is apparently possible 
only in an essentially nonlinear perturbation mode. 

A detailed analysis of the possibilities for such 
an instability would entail an examination of a 
whole series of additional dissipative processes
which we have not mentioned at all in this paper
and also a detailed study of the excitable spectra. 
This lies outside the scope of the present report, 
in which we wish to draw attention to the principal 
possibility of the instability under discussion. 
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