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Properties of rotational transitions during collisions between

molecules
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Possible rotational relaxation channels in a molecular gas that can be described by selection rules for
nonspherical scattering are considered. It is shown that the selection rules for nonspherical scattering can
be either exact or approximate. In the former case, the rules are due to some general symmetry
properties of the interaction between the molecules; in the latter case, they are due to the dynamics of
the particles and, in particular, they depend on the ratio of the moments of inertia of the molecules and
on departures from equilibrium in the gas. It is shown that the selection rules obtained in this paper do
not differ significantly from the Born-scattering selection rules. Selection rules are obtained for rotational
transitions that are forbidden in the case of scattering by an atom, but are possible for scattering by a

molecule.

PACS numbers: 34.50.Ez

1. INTRODUCTION

Rotational relaxation in a polyatomic gas, i.e., the
redistribution of rotational-level populations as the sys-
tem tends to the equilibrium state may occur as a result
of the complicated character of the nonspherical interac-
tion between the molecules along different channels. The
existence of several rotational relaxation channels in
polar gases (for example, CH;CN, CH3;F, C,Hs;CN) is in-
dicated by experiments on the anomalous Senftleben ef-
fect.t™'2 Gordiets et al. have discussed the possibility
of a laser for the microwave band, using the rotational
transitions of molecules for which the probabilities of
excitation transfer with AJ+#0 and AK #0 on collision
are different (J and K are the angular momentum and
the angular momentum component along an internal
axis).

The number of possible relaxation channels, and the
relationship between the probabilities of excitation
transfer, are determined by the selection rules for
transitions between rotational levels during collisions
between molecules. These selection rules can be gov-
erned by general symmetry principles, for example,
time reversal, inversion, and point symmetry of the
molecule. Moreover, as will be shown below there may
be selection rules governed by the dynamics and inter-
action of the molecules.
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The description of rotational relaxation in the poly-
atomic case encounters definite difficulties because of
the absence of adequate experimental data on the non-
spherical scattering of molecules'® %) and because of the
complexity of highly nonequilibrium kinetic problems.
Several papers have been published in recent years on
the inelastic scattering of polar molecules, investigated
by double microwave-microwave®®! and infrared-micro-
wave resonance.’®®’ These methods consist of measur-
ing the change in the absorption of microwave radiation
corresponding to a definite transition between rotational
levels whose population changes as a result of the appli-
cation of the pump radiation at the transition frequency
between two other levels (rotational or vibrational-ro-
tational), and collisional transitions between pairs of
levels. By retuning the frequency of the incident micro-
wave radiation and measuring the absorption in the pres-
ence of the pump radiation, it is possible to determine
the set of rotational states occupied by the excited mole-
cules after collisions. As a result of such studies, and
studies by the method of modulated double microwave
resonance, ***!} it has been possible to establish colli-
sional selection rules for a number of polar molecules.

The selection rules are discussed by Oka'®? in the
Born approximation. This discussion makes use of the
nonspherical model scattering potential?’ which takes
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into account all the possible types of electrostatic inter-
action, and the selection rules follow from symmetry
.considerations which yield the nonzero multipole mo-
ments in the potential. The resulting selection rules
describe inelastic transitions accompanying collisions
between certain polar molecules. It is well known that
collisions between polyatomic molecules, for which
AET,/H <18 (r_is the collision time and AE is the en-
ergy of the rotational transitions) can be strong. The
description of such collisions must take into account the
terms in the expansion of the 9~ matrix after the first
Born term. In this paper, we shall obtain an expres-
sion for the 9" matrix for an arbitrary Born approxima-
tion. The interaction between the molecules will be de-
scribed by the model potential put forward by Hess et
al."3 for diatomic molecules and in our previous pa-
per*! for molecules with arbitrary point symmetry.

By nonspherical interaction, we understand the de-
pendence of the potential on the orientation of the mole-
cules regarded as rigid bodies. In contrast to the pa-
per by Oka,'? we shall determine the nonspherical part
of the potential exclusively from symmetry considera-
tions. We shall show that collisions between polyatomic
molecules should be subject to selection rules deter-
mined by their point symmetry. The selection rules ob-
tained in this way will show that rotational relaxation in
a polyatomic gas can proceed along several channels,
where the number of channels and the inelastic charac-
ter of the corresponding collisions depend both on the
ratio of the moments of inertia of the molecules and on
the macroscopic conditions under which the relaxation
process takes place.

2. WAVE FUNCTIONS FOR MOLECULES WITH
ROTATIONAL DEGREES OF FREEDOM

Consider a monatomic molecule with rotational de-
grees of freedom. For simplicity, we shall confine our
attention to molecules in the form of a symmetric spher-
ical top. In the adiabatic approximation for the opera-
tor H describing the internal degrees of freedom, we

"have

H=Hyy+Hyyy 5| Bro=BI*+(C—B) /.2, @2.1)

where B, C are the rotational constants of the molecule,
J i+ @',x',9',2’) are the operators corresponding to the
projections of the angular momentum along axes at-
tached to the molecule, and H,,, describes the internal
motion of the nuclei in the molecule.

We shall regard the molecule as a rigid body and will
let L= 0, where L is the internal angular momentum
operator We note that, in the case of nonplanar mole-
cules, this approximation is valid only for those mole-
cules for which there is an inversion doubling of rota-
tional levels, i.e., there is a sufficiently high barrier
between the two potential minima corresponding to the
two equilibrium positions of the nuclei obtained from
one another by inverting all the nuclei at the center of
gravity.!5) For plane and linear molecules, this in-
version is replaced by the rotation of the molecule as a
whole, and there is no inversion doubling. The defini-
tion of inversion for the Euler angles {a, B, v} defining
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the orientation of the molecules is not unambiguous.

We shall follow the definition adopted in molecular spec-
troscopy, ®! according to which inversion corresponds
to

{a» pv 'Y}"{’H-a’ n_pv “_Y}V (2' 2)
which, in turn, corresponds to the rotation of the coor-
dinate system (x’,y’,2z') attached to the molecule through
an angle 7 about the y’ axis. Under the above assump-
tions, the eigenfunctions of the operator A that have
definite internal parity P can be written as follows:

[J]

(o|JKPM) = —— 2""(D,x"(m) +~qD.,_.(m))

e 2.3
[]] (2J+1)'h n ( i)[l+K+I(J l)]+l P §+f(] K) ( )

where D} (w)=D%,(e, B, v) is the finite rotation ma-
trix,8 £= 0,1 (=0 for K=0), and the factor f(J, K) is

.introduced in order to obtain the correct parity for the

rotational levels: for a prolate symmetric top f(J, K)
=J+K and for oblate symmetric top f=K.™*! For a
flat symmetric top, f=K, £=0.

3. NONSPHERICAL INTERACTION OF MOLECULES
WITH ROTATIONAL DEGREES OF FREEDOM

A. Interaction with a spherical particle

We shall assume that the nonspherical potential » de-
pends on the vectors a;, i=1,...,n, characterizing the
positions of the n atoms in the molecule relative to the
center of mass, and the position vector r joining the

centers of mass to the colliding particles. In view of
this, we shall write
7=Y V.0)[B.(a) ()], @.1)

where Y, (r) is a spherical harmonic of rank I, which
depends on the orientation of the vector r, and B,,(a;)
is a spherical tensor also of rank l, constructed from
the vectors a; and invariant under the symmetry trans-
formations of the molecules. We have

Btm(&i) =Z ﬁlp(at)D:-p((D)v (3- 2)

where B;,(@;) is the value of B,;,(a;) in the coordinate
system attached to the molecule.

The quantities B;,(@;) characterize the shape of the
given molecule and are independent of orientation. They
must be chosen so that the functions in (3. 2) do not _
change under the corresponding transformations I' of the
point symmetry group of the molecules. The explicit
form of such invariant combinations

E BisDny’
P

is given elsewhere.™*! Since the potential is real, we
can use the properties of the function D,’,,,(w) to show
that

3.2)

Bus” (@) = (-1)7 By (a). (3. 3)

The expressions given'by (3.2) and (3. 3) enable us to
rewrite the potential » that is invariant under the in-
version of the coordinates I in the form
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y=, (r+r')-2 V.(r)Ret,,
1]

Ret; =Z‘ Re By (a‘.)D,,.,,‘ (@)Y im'(x). (3‘ 4)

B. Interaction with the molecule

The above invariant combination (3. 2') will now be
used to write the interaction potential for two nonspheri-
cal molecules in the following form:

P=1r+7) = ¥ Viua (r) [Ro tua—Im tua],
L
, (3.5)
Rety,= 2 Re Bi»Dns’ Re ﬁhmDn‘mam Lm | LM>Y 1o (r),

Ppmmy
M

Imtuz= Y Imp,D *Im o Dliplmbm | LMY a1

Ppmmy
P 4

where the subscript 1 refers to the partner molecule in
the collisions.

The function V;; 1"(7) in (3. 5) has the following prop-
erties:

Vi, (r)=0 if L+l + L is odd, and

Vi (7)= (- 1)"V,,1L(r) if the molecules are identical.

Comparison of (3.4) with (3. 5) will show that the inter-
action described by the second term in (3. 5) is forbid-
den by symmetry considerations in the case of scatter-
ing by a spherical particle.

C. Matrix elements of the potential

In the case of interaction with a spherical particle,
the matrix elements of the potential are

<k'n/|7|knd=| | drdo<k’n’Ira>¥<rolkn),
ro | kny=(r|kX<o|nd. (3.6)

The functions (w|n) are given by (2. 3) and

k) = 2.4,,(1")2 Yo (k) Yar(r), As(kr)=i®(2/x)%is(kr), (3.7)
8 ¢

where i,(x) is the spherical Bessel function.

Using (2. 3), (3.4), (3.6), and (3.7), we obtain

&'n’ |7 kny= 2 Agsi (k'K %T]' (—i)*fssi Re gy,

s'st

Ava(k'k)= n~='=£[‘§—]] [21(~0)*5¢S 0101S0> [ r* drjsr (k') js (kr) Vi (1),
’ (3.8)
forsi= Z M I—MIIAMYS t'S—tlIAM) Ysrp (') Ys_o(K),

Re gi=[1+(—1)"***]{<J’K'"T-K|IAK) Re Biaxt 1<V’ K'JK |IZK) Re Bizx}.

The above expression for fg,g; represents the depen-
dence of the matrix element of the potential on the angle
variables in the laboratory coordinate system, and the
expression for Reg, gives the dependence on the inter-
nal angle variables defined in the coordinate system at-
tached to the molecule.
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Similarly, for the molecule-molecule interaction, we
have
(il

Wny [Plknd= Y s (W) s
1

s'8lL

(—i) 87480

Xfs'su(RegiReg,—Im g, Im g,,),

Assun(k'E) =ﬂ""‘§:—§T]' [L] ("i)“(S'OLOISO)j. ridrjs (k'r)js(kr) Vi, (r),

fs'suu.= <J,M’J'—M|lAM)(],’M,'].—M,”,AM,)
ttp .
. (3.9)
 XIAMUAM, | Lp) (St S—tILp) Y gy (') Yoot (K),
Im g =[1—(—1)"***] {('K'I—K|IAKYIm B, x+ <K' IK |ISK> Im Bz}

We note that, in contrast to (3. 8), the expression given
by (3.9) includes Img,;. The dependence on the non-
spherical variables to which this expression corresponds:
is forbidden by symmetry considerations in the case of
interaction with a spherical particle. We also note that
the formulas given by (3. 8) and (3. 9) can also be used
for the scattering matrix within the framework of the
well-known Born approximation.

/

4, SELECTION RULES FOR NONSPHERICAL

SCATTERING

To investigate the properties of the scattering niatrix,
we shall use the well-known Born series

T =P+7COP+¥COVCOP+. . ., (4.1)

where G® = (E - H+1i6)™ is the Green function for a free
particle. The expressions for the nonspherical part of
the scattering matrix can be obtained with the aid of
(3.8) and (3.9), using the general transformation rules
for spherical tensors. However, for a molecule in the
form of a symmetric top, one must take into account the
fact that the rotational energy of the molecule depends
on the square of the projections of the angular momen-
tum along the axis of the top and, consequently, the
matrix elements of the G'® will, in general, contribute
to the nonspherical part of the 7 matrix. In this case,
the operator A, has the form

Aeo=Bof+R’, Bo’=BJ*, A'=(C—B)J.". (4.2)

Let Gfs.‘” represent the Green function corresponding to
the operator A S:. Inthis case, we have the following
formal equation:

G¢V=6," +G" H'G®,

the iteration solution of which is

) () () ) (O] (0)

GO=Gs +Gs A'Gs +Gs A'Gs A'Gs +... 4.3)

Substituting (4. 3) in (4.1), we obtain 7= 7@ 4 g7V, |

IO =¥ + VeV + VEVEIV + ..., (4.9
IO = VORGPV + YPR VOV + PEPVCLR Y + ...

The operators .‘T“’, .‘7“2’, ... are useful only for pro-
late tops for which C/B>1. In view of this, let us be-
gin by considering the nonspherical part of the matrix
elements of the operator 9®. Using (3.8), (3.9), and
(4.4), and transforming the expressions for the mo-
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ments, we find that the nonspherical part of the matrix
elements of this operator is determined by the expres-
sion fg.sx Regp for scaftering by a spherical particle,
and fg, gy, y[RegpRegy — ImgImg ; | for scattering
by a molecule. Moreover, the values of XX, YF may

be substantially different from the corresponding values
of ll, Ll in (3. 8) and (3.9) when a large number of terms
in the expansion for the operator 7 is taken into ac-
count. The selection rules for nonspherical scattering
are determined by the structure of the expression for
Re g in the case of scattering by a spherical particle.
In the case of scattering by a molecule, there may be
additional selection rules described by the expression
for Imgp. The selection rules due to the point symme-
try of the molecules are determined by the properties
of the quantities Bf,(a;). As an example, let us consid-
er the scattering of a planar molecule having the sym-
metry Dy, by a spherical particle. For molecules with
this symmetry (for example, BF;), the nonspherical ex-
pansion contains only those gf for which!*!

F=0,2, 3,4,...; P=3%, x=0, 1, £2,...
Ba= (—1) "B .

; [F4-P] — even,
(4.5)

The following selection rules are obtained with the aid
of (3. 8) and (4. 5):

AK=3x, |AK|<F, |AJ|<F,

(4.6)

[F+AK] — even; [F+AP]— even.

In deriving the selection rules given by (4.6), we con-
sider transitions for which signK = const, i.e., there is
no change in the direction of the molecular axis of ro-
tation on collision. Such transitions are described by
the first terms in (4.5). The remaining terms describe
collisions in which the direction of the rotational axis

of the molecule does change. The selection rules in this
case are analogous to (4. 6) with AK replaced by ZK.
Table I gives the selection rules for molecules with dif-
ferent symmetry.

In the case of molecule-molecule scattering, there
may be certain additional allowed transitions, the selec-
tion rules for which are determined by the properties of
the quantities Img,. It is interesting to note that, for
the above molecules with the symmetry D,,, additional
selection rules are forbidden by the properties of point
symmetry. However, such transitions are allowed for
molecules of lower symmetry (for example, C,,). Table
1I identifies these transitions for molecules of different
symmetry.

TABLE I,
Symmet
gx)"oup i l Selection rule
n=3.5 | AK =2ux, [AP + AF)
c — even
‘e \ n=46 | AK = nx, [AP + F)
— even
¢ l n=35| AK = nx, |AP 4+ AK]
nhy — even
Dnn n=4,6 | AK = nx, AP — even
Dpgon=34,56 | AK =2nx, AP — even
T4, Oy AK = 4x, AP — even
Coep {AJ -+ F), [AP + £)
—even
Doy, AJ, AP —c¢ven
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TABLE II.
Symmetry
;’oup Selection rule
Capon =35 | AK = n (2x 4- 1), [AP
+ ¥]— odd
n=3,5 | AK = nx, |(A¥ + AK)
Can —odd
n=:246 | AK =nx, AP — odd
n=3.5 | AK =n(2x+ 1), AP
D — odd )
" V=46 | AK == n(2x + 1), AP
— odd
T, AK =2 (2x+ 1), AP
—odd

Note: (Table I and Table 11):
n=0,+1,22,.... For all molc-
cules |AJ| <min(/"x), |AK|<F.

We can show with the aid of (4. 4) that the structure of
the expressions determining the selection rules does not
change when the operators 7", 7% are taken into ac-
count and, consequently, the above selection rules are
general.

The selection rules obtained above for nonspherical
scattering are due to the general symmetry properties
of the scattering matrix and are, therefore, universal
in character. Moreover, when effects in a molecular
gas are investigated, the contributions of different types
of collision are determined by statistically averaged
collision probabilities. There are then additional re-
strictions on the possible types of collision due to the
specific form of the distribution function for the mole-
cules in the gas. It is clear that the character of these
restrictions depends on whether the phenomena under
consideration occur under equilibrium or nonequilibrium
conditions.

Rotational levels with J > 1 are excited for most mo-
lecular gases at room temperature. Using the asymp-
totic expression for the Clebsch-Gordan coefficients, "}
we can rewrite Reg, and Img  as follows:

Re ge= [1+ (—1) "*2P]) (—1)'-* '[igi]— {Re bu('d:x,u (z) +nRe p:x’d:x.u ()},
4.7
[F]

Im g,=[1—(—1)"+*7] (—1)"‘—[7']—“111 BAK’dA'K,A.I (1)+7I Im p:x'd:x.u () |8
where x =K /J, and d},(x) is the Wigner function. It is
clear that the contributions of different rotational tran-
sitions with AJ#0 and AK #0 are determined by aver-
aging the quantities Reg, and Img  with the appropriate
distribution functions. In thermal equilibrium, aver-
aging over x yields:

+1 -
].
Re gpy= ; Re g,(x)exp[ - T(C—B)z‘] ,
FLT )

bl J2 (4- 8)
CHingpde= 2 Im g,»(z)exp[ - T(C—B)z’] .

For an oblate symmetric top (C «<B), the leading terms
in (4. 8) are those with x~+1, while for a prolate sym-
metric top x <1 (C »>B). In the former case, the most
important contribution to the effect is that due to colli-
sions of molecules in states with K~+J. If we use the
fact that

o' (1) =61mnand donn' (—1) =8,-.,,
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we find that, in the case under consideration, the al-
lowed collisions are those for which

AJ=2AK. (4.9)

For a molecule in the form of a symmetric top, the
minimum nonzero value is AK =3 (for molecules with
symmetry Cj,). Such collisions are described by the
nonspherical term in the expansion of the scattering ma-
trix with F > 3. In the case of slightly nonspherical ob-
jects, it is reasonable to suppose that such terms are
much smaller than the first terms with F=1,2. Conse-
quently, in this approximation, for molecules in the
form of an oblate symmetric top, we may conclude that
the contribution of inelastic collisions is small. Rota-
tional relaxation occurs slowly (in the case of small de-
viations from equilibrium) and is characterized by a
single channel with |AJ|=| AK|=3.

When x <« 1, the most important are collisions betweer
molecules in states with |K|<« J. In this case, the
properties of the functions d’,,(0) 7! demand that

[F+AJ] —even for_ : AK=0,
(4.10)

[F+AK] — even for : AJ=0.

It is clear from (4. 10) that, in contrast to the case of
molecules in the form of an oblate symmetric top, the
terms in the nonspherical expansion of the scattering
matrix with F=1 describe only inelastic collisions with
AJ =1 for the molecules under consideration. It fol-
lows that, for molecules in the form of a prolate sym-
metric top, and for small deviations from equilibrium,
rotational relaxation takes place rapidly and is charac-
terized by several channels. In particular, we note the
fastest channel (AJ=%1, AK=0) and the slowest chan-
nel (AJ=%1, AK=%3), The corresponding terms in the
nonspherical expansion of the scattering matrix that are
responsible for relaxation have F=1 and F=3.

Averaging over x for J>1 can be given a more graph-
ic form if we recall that the effective values x4, in
(4. 8) for F «< J are not very dependent on the behavior
of the functions Reg z(x) and Img -(x), which are power
functions of x. In view of this, we substitute

Tesr=t{aD" (4, 11)
For thermal equilibrium, we obtain

(z*>=[2C/B+1]"* (4.12)

and, consequently, when C > B, we have x,<<1. When
C~B, we have x4,~1/3, and when C <B, Xy~ +1.
This is in agreement with the above formulas. In the
absence of thermal equilibrium, for example, in the
presence of pump radiation, (x%) differs from (4,12)
and depends on the character of the departure from
equilibrium. The relative contribution of different
channels to the relaxation process under nonequilibrium
conditions is a function of the pump intensity and char-
acter. For example, for molecules in the form of an
oblate symmetric top and a strong pump, we have the
possibility of additional fast relaxation channels. We
also note that, for dipole molecules in an electric field,
the nonequilibrium addition to the equilibrium distribu-
tion function depends on x if there is a temperature or
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velocity gradient.!®} By varying the field strength or
the macroscopic gradient, it is then possible to modify
the energy transfer between translational and rotational
degrees of freedom. This is of undoubted interest when
a gas of dipolar molecules is used as the active medium
in a source of coherent radiation.

Several authors have reported experimental studies
of rotational transitions occurring during molecular col-
lisions.”™!! For example, for collisions of CHzCl mol-

ecules, Frenkel et al."® have observed the fblldv;ing ro-
tational transitions:

(a) Al=1, AK=0; o*>¢®,

(b) AJ=1, AK=3. (4.13)

The CH;Cl molecules have the symmetry C,,. If we
compare (4. 13) with the selection rules for molecules
with symmetry C,, (Table I), we note that transitions

(a) can be described by retaining the term with F=1,
whereas transitions (b) can be described by retaining
the term with F=3. The small cross sections for tran-
sitions (b) as compared with (a) suggest that the non-
spherical expansion for the scattering matrix converges
rapidly. More detailed analysis of the experimental re-
sults is outside the scope of the present paper because,
as noted above, this analysis must take into account the
fact as to whether the rotational transitions are ob-
served under equilibrium or nonequilibrium conditions.
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Measurements of the ion energy spectrum in a collisionless

neutral current sheet

N. A. Koshilev, V. L. Masalov, N. A. Strokin, and A. A. Shishko
Institute of Terrestrial Magnetism, Ionosphere, and Radiowave Propagation, Siberian Division, USSR

Academy of Sciences
(Submitted November 23, 1976)
Zh. Eksp.Teor.Fiz. 72, 2110-2119 (June 1977)

A multichannel electrostatic energy analyzer has been used with a 6-pinch installation with a reverse field
to determine the ion energy distribution in the radial and longitudinal directions in the plasma. A well-
defined beam of ions reflected elastically from the sheet propagates in the radial direction ahead of the
neutral sheet. The ion temperature in the sheet does not exceed 6080 eV. The ion flux along the neutral
sheet consists of ions scattered out of the radial flux and ions accelerated across the boundary between the

hot and cold plasma.
PACS numbers: 52.25.Lp

Determination of the energy spectra of particles in
current sheets with lines of zero magnetic field is a top-
ical problem in connection with attempts to explain some
of the phenomena observed in cosmic plasma. They in-
clude processes in solar flares and in the tail of the
earth’s magnetosphere in which, as indicated by existing
observational data, neutral current sheets play an im-
portant role in particle heating and acceleration. On the
other hand, this problem is also connected with the
question of turbulent heating of hot plasmas to thermo-
nuclear temperatures at which binary collisions cannot
ensure rapid energy dissipation.

It is desirable to elucidate the properties of particle
spectra that are characteristic for neutral current
sheets, and the physical processes responsible for these
properties. Simulation experiments may be helpful in
choosing theoretical models of the above phenomena.

Laboratory simulation of processes occurring in neu-
tral current sheets have been described, for example,
by Kawashima and Ohyabu,"? Frank,? and Altyntsev
and Krasov.'™ The relatively simplest of these experi-
ments is that using the 6-pinch in the configuration of a
piston field H, and an opposite quasistationary field H,
frozen into the plasma. In this configuration, mea-
surements of the energy distribution in the electron
component of the plasma show that the neutral current
sheet is a source of electrons accelerated to energies
of about 15 keV. The same configuration has been used
to examine the dynamics of the ion components by mea-
suring the Doppler broadening and emission line shift, ™
which indicate the presence of nonthermal particles
whose origin is associated with the elastic reflection of
a fraction of the ions from the magnetic piston.

In this paper, we report measurements of the energy
distribution of the ion component of plasma using the
fast charge-transfer atoms leaving the neutral current
sheet in longitudinal and transverse directions.
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APPARATUS AND DIAGNOSTICS

The experiments were carried out on the #-pinch in-
stallation UN-Phoenix, ! a diagram of which is shown
in Fig. 1. Hydrogen plasma with concentration ny= 2
x 10'2-2x10'® cm™ and frozen-in quasistationary field

- = Hg=150-600 Qe was produced in the cylindrical glass

chamber 1 (diameter 16 cm, length 100 cm). The plas-
ma was compressed by the growing magnetic piston
whose field H; was opposite in direction to H, (H 4+ H,)
and was produced by discharging a low-inductance ca-
pacitor through the shock coil 4 (length 30 cm) surround-
ing the central part of the vacuum chamber. The am-
plitude of the magnetic field of the piston was typically
1200 Qe and the rise time was T'/4 =400 nsec. For
|H{1>1Hy| after the piston was switched on, a cylindri-
cal current sheet with a zero field line separating the
regions of oppositely directed magnetic fields was pro-
duced in the plasma and traveled in the radial direction
toward the chamber axis. Depending on the initial den-
sity n, of the plasma and the quasistationary field Hy,

a rarefaction or compression wave propagated ahead

of the neutral sheet.

The main parameters of the current sheet in the
plasma (width A, velocity U, amplitude of magnetic field
discontinuity AH) were measured with two magnetic
probes with an open loop, 3 mm in diameter. The
probes were placed successively along the radius of the
system at distances 7; =30 mm and 7,=42 mm from the
axis. The operational control of the initial plasma den-
sity n, during the measurement process was achieved
with the aid of a microwave interferometer (A=4 mm).

The initial electron temperature T, estimated from
microwave absorption in plasma, ‘" was 0.5-1.0 eV.
The ion temperature T was not measured directly, but
it was expected that 77= T since the lifetime of the
plasma (approximately 50 psec) prior to the introduction
of the piston was greater than the temperature relaxa-
tion time.

© 1978 American Institute of Physics 1108



