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DISTRIBUTIONS OF DISSOCIATING DIATOMIC MOLECULES
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1. Thermal dissociation of diatomic molecules often takes place under conditions
when the energy threshold of the reaction — the dissociation energy Q — considerably ex-
ceeds the average thermal energy of the particles, of order kT, where k is the Boltzmann
constant and T is the gas temperature. In investigations of reaction kinetics one usually
uses the "ladder™ model, according to which molecules dissociate form upper vibrational levels
whose energy Ey (o is the level number) is close in value to Q. According to this model, in
flows or nonsteady processes when the condition typ << & is satisfied (tyr is the vibrational
relaxation time and $ is the characteristic time of flow or of the process), a quasisteady
distribution of the molecules with respect to E,, which for E; & Q can differ considerably
from an equilibrium Boltzmann distribution, is formed in a gas under the action of the flow
of molecules along the vibrational levels caused by the reaction. This, in turn, causes a
departure of the reaction rate from the equilibrium value [1].

Motion of the gas, while influencing the populations of vibrational levels (the more so,
the higher the energy of the level), is also capable of altering the dissociation rate. As
follows from [2, 3], however, forsufficiently lowvalues of the ratio TVT/$ the influence of
motion on the reaction kinetics can be neglected. This is just the case considered in the
paper. Moreover, it is assumedthat the dissociating diatomic molecules comprise a small ad-
mixture in a monatomic inert gas.

Kinetic investigations of the above-described dissociation model are usually based on
the assumption that the distributions of the molecules by velocities £44 and rotational
energies E; (j is the rotational level number) are in equilibrium. The smallness of the times
of translational and rotational relaxation, t1g and TRT, in comparison with the character-
istic reaction time t¢ & Teexp (Q/kT) serves as an argument [4-6]. For Ey & Q, however, the
probability of dissociation of a molecule in a collision with an atom may be finite, while
the dependence of this probability and the probabilities cof other inelastic collisions on
the velocities and internal energies of the particles may lead to the fact that the develop-
ment of a flow of molecules along the vibrational levels is accompanied by an increase in the
"loss'" of molecules from ndividual rotational levels or a decrease in the number of mole-
cules in a certain interval of velocities £y:. Therefore, smallness of 1y and tgT in com-
parison with t¢ actually is not a criterion of equilibrium of the distributions over Eaj and
Ej of molecules with Eg & Q >> kT.

The foregoing is confirmed in [7], where the velocity distribution of molecules
dissociating from an upper vibrational level is calculated by the Monte Carlo method and its
considerable difference from a Maxwellian distribution is determined, as well as the departure
of the reaction rate from equilibrium, connected with this difference. The solution was
obtained under several assumptions: a Boltzmann distribution was E,, rotations are not
taken into account, and the influence of the reaction products is neglected.

In connection with the above, in the paper we investigate the quasisteady distributions
of dissociating molecules over Ey: and E;, as well as the influence of a disturbance in the
equilibrium character of such distributions on the kinetics of dissociation.

2. Let us obtain the equation of the main approximation for f,; — the distribution
function of the disscciating molecules over Eajs Ej, and Ey. In the spatially uniform case
the Boltzmann equation has the form

af,,. . , .
24— Jyjm= - (T + BRI + Pod i + Kol ). (2.1)
e
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Here the integrals, normalized to the corresponding frequencies, of elastic and rotationally
and vibrationally inelastic collisions of molecules with inert atoms, as well as of collisions

leading to reactions, are designated as Jsj’ Jgj, JXj, and Jgj. The values of the probabilities

of inelastic collisions characteristic for the ranges of £qj and Ej under consideration,
80l ~ (ET/m)', E; ~ kT (2.2)
are designated as R, Pa’ and Ka' In (2.2) and later m is the mass of a molecule.

Integrating (2.1) over Eqj and summing the result first over j and then over a, we obtain
the equations

ON | .
__a?:%(gzsj + Polg; + Kolgy), Ia5=SJa5d§“i’ (2.3)
o L(PylY + KodS), No= X Najy Ia= pe (2.4)
e i 7
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for Naja Ny, and N [Naj is the number density of molecules in the state (aj), Ny is the same
for the vibrational level with the energy E,, and N is the total number density of molecules].

By virtue of the exponential smallness of the populations of upper vibrational levels with
energies Ey & Q, for which Ky = 0(1); the characteristic reaction time t¢ for Q >> kT is
exponentially long compared with to. Therefore, the situation when

¢ > max (., TR, .Pyt) (2.6)
is realistic.

We note that the time scale 1 is not present explicitly in Eq. (2.1), it is not determined
until the solution, and it enters into the problem through (2.5), i.e., through the moments
faj [8]. Such a situation is possible only for Q >> kT.

Omitting the solution over time intervals of the order of 1., TeR’l, and TeP—l, when the
distributions over £4j, Ej, and E, are formed, we consider Eq. (2.1) at times t n tg. We
assume that here faj éoes not depend explicitly on t but through those moments f,: and
distribution functions of other components of the mixture which vary over this time scale.
The solution confirms this assumption (also see [1, 2, 9]). 1In the spatially uniform case
N and Ny, the number density of dissociated atoms, are such moments, in accordance with
(2.5). As a result, we find

0fa;  OfjoN ﬁrﬁaNaNfa_j«J s fui (2.7)
8t~ OGN Gt "IN, ot T 1, @
Wy Ny M N

TR TR
We note that the equation for J,:; = obtained from (2.1) with allowance for (2.7) is solvable
only for W = 0, which is at variance with the assumption that the composition of the mixture
is not in equilibrium at times t & tc. The contradiction is connected with the fact that,
by virtue of Q >> kT, different sections of the vibrational spectrum make the main contri-
bution to the reaction rate NW and the derivative 3N/dt which, in reality, are comparable
with each other in magnitude, despite (2.7).

To remove the contradiction, we transform the system of equations (2.1) as follows.
Let Faj’ Bs, and By be equilibrium distributions of the molecules over gaj’ Ej, and Eg,,
respectively, normalized to unity. Neglecting the interaction of rotations and vibrations,
we shall take the internal energy of a molecule in the state {aj) as equal to the sum of E,
and Ej. In this case Byj = ByBj can be considered as the equilibrium distribution of the
molecules over Ey and Ej.

We multiply both sides of (2.3) by F j and subtract from (2.1). With the help of B; and
(2.4) we do the same with respect to (2.3%, while with the help of By and (2.5) we do the same
with respect to (2.4). The combination of the resulting equations and (2.5) is equivalent to
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(2.1): Each of these equations is a projection of (2.1) onto one of the mutually orthogonal
subspaces of the functions £yj, Ej, and Ey, expanded "about" FyjByj with respect to orthogonal
poelynomials of these arguments ﬂpplylng the estimates (2.7) to t%e resulting equations and
using (2.6), we write the equations of the main approximation in the form

Joi + R(IE — Foil%) + Po (I3 — Foyl ;) + Ko (V5 — Foil &) = 0; (2.8)
RIE; + Py (I, — BiI3) + Ko (15— Bil5) = 0; (2.9)

2 o4 +Kalg‘—Ba2KvI$=O§ (2.10)

w1 ZK 1S =NW. (2.11)

Equations (2.8)-(2.10) are also valid in the case of spatially nonuniform flows, where
the scales of variation of fy; and the macroscopic parameters with time and over the coordinates
are tied to the form of the boundary or initial conditions if the scale of variation of the
flow is L & tcu (u is the velocity of the gas, comparable with the speed of sound). Here the
left side of (2.11) has the form 3N/3t + VNu.

One can show that at times t & tg or scales L % tgu the atomic components of the mixture
have a Maxwellian velocity distribution to within “vtg/tg. At the same time, solutions of the
system of equations (2.8)-(2.11) for upper vibrational levels can differ strongly from
equilibrium distributions owing to the presence of a "sink" or "source" of molecules, finite
in intensity, in the reaction. One can ascertain this by substituting equilibrium distribu-
tions over £45, Ej, and Ey and nonequilibrium values of the concentrations intoc the system:
The system is not satisfied.

3. At first, for simplicity, we neglect the disturbance in the Maxwellian distribution
of the dissociating molecules. In this case Egs. (2.9)-(2.11) can be solved. Assuming that
the molecules undergo vibrational transitions only between neighboring levels, we write the
first of them in the form

[2 (R&;Yaq RS?YGJ) + 2 (Px—quOL iq + Pa+1qYa+]q P;J'_quaJ' - Pg?—lqyaj)} = BociW - Wah (3 N l)

where Waj is the partial reaction rate, normalized to N, for molecules in the state {aj):

KIS Ne(N\ . 3.2
Waj= = a] —ZKCLJ (BGJH YCLJ) H= (NZ) ! ( )
a’eq
Z is the collision frequency; Y,; = N, N R3] is the probability of an R-T transition
(of — ag); P are the probabilities of V—R and V-T transitions (of — (a=£ 1)g); Kg;

is the probability of dissociation of a molecule from the state (aj); the equilibrium value
of the ratio N/Ng is designated by the index eq.

Equation (2.10) follows from (3.1) and (3.2) after summation over j:
~
Z (P Y amng + PihagY asig— Poy Woj = Pt ) = — oy wg = Wo— BW, Wo— SW,,.  (3.3)
qj ' i

The probabilities Rgg and Pg}lq satisfy the relations

Rg?BJ' = Rg‘césqz JP;}?;:MBGJ' = Pg?jqua;thv (3 ° 4)

valid for Maxwellian distributicn functions of the colliding partners. On the strength of the
linearity of Egs. {3.1) and (3.3) with respect to Yyj, we seek their solution in the form

Yoj = Bai{l + Yo + Yai)s EBJyOLJ_'O EBaXcz—‘O (3.5)
with the functions Qg; = yg;(1 + 1)t and xq» determlnlng the departures of the distribu-

tions over E; and Ey from equilibrium distributions, not assumed to be small in comparison
with unity. ~Substituting (3.5) into (3.3), usingproofby induction we obtain for x, the
expression

Xa“‘Xo+leP5 5, 2 wv+f§12ﬂ6hl Br (Ys—1q4 — Yon)s {(3.6)
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on the basis of which, and with allowance for (3.4) and (3.5), we write Eq. (3.1) as

ZBaj [E Rg? (.’/aq — Yaj) + 2 P .T/oc—1q — Yoi) +

+ EPOH- q(ya+1q Yoj) — Pg]—lSa + Pa; ]Scz+1] = (n 7'B; iWa— W“j) +

(3.7)
B —
B =) 3 Wy W[ Bl ) B o) 3 B
y=a+1
In (3.6) and (3.7) we use the notation
P;jtl Zpu;(:lq Pccil — ZB Pa:tl’ ng;lq ngilq (ng:l)—l’ (3 . 8)

+1 41
ﬂg] 2“2 q Sg = Zh ﬂcxhquh (!/a—lq — Yah)s
g

B being the number of the variational level with the maximum energy.

By virtue of»(3.4), the probabilities Pg%l satisfy the equalities .Pg?llﬁﬁ = P¥1Boy1,
where ng1==%]P&;m£§ . From this it is seen that P%’'= P¥*' and %1, if Pgil depend
on Ej in the same way as on Bj. The reverse statement is also valid. -

Now let us assume that~qu==K&EE%?£hK§hV_and P§?1==Pgia Then the right side of (3.7)
is equal to BﬂVG__IVaj==ZKngyw for all a, i.e., we obtain a homogeneous system of
equations for Yaj’ the form of which does not depend on the degree of nonequilibrium of the

flow. Since yy3 = 0 in equilibrium, it follows that this system has only trivial solutions.
Thus, we can condlude that the dependence K,j and Pa§1 on Ej (see Sec. 1) is the direct cause

of the disturbance of the equilibrium rotational distribution of the dissociating molecules.

The further advance in the analysis of the properties of the distribution that develops
over E; enables us to assume that the dissociation takes place only from the upper B-th
vibrational level. Here Ky3 = 0 for o < B and W = Wg. In this case we can obtain the
following expressions for ~ Yg= 2V, Wy, and W using (3.2), (3.6), and (3.8):

7

MYy = Bg[1+ BgKiLy(H — C) + S4y

MWg; = ZEpiB; [(H — 1) + BpK3Ly (€ — yp)) — Sy — ygs), (3.9)
MW = ZR}Bp[(H—1) — S, — (],
where
@ » BN B
LP =Lﬁ"‘ l, Ly= 2 (Pé”lBO) (1 - 2 Bv);,: = 2 B.L,,
é=1 y==b n=1
M =1 + BgK§Ly, C = Dug;Biys;, %p; = Kp; (K§) 77,
2
: B B %
S*::S—b$ S = 2 Ss, b= EBuz See
&==1 =1 O==1
Substituting (3.9) into (3.7), we write the equations for yuj in the form
ZBB;'{M[ZBQ? (pa—¥pd) + 2 PR (Yp—10—Yp3) ——ng—lsﬁ—Kﬁjyrﬁ]w\- (3.10)
g q

+ [t —nps + By(1— b )| KBSy + [ + KgiBsLo+ Bp(1—nf; 1)]KBC}

— ZBgKY(H — 1) [nfi ™ — %5 + Bg(1—nfH)];

— 1
ZBy;M [ZR%‘I (Yaq — Yas) + 2 PET  (Yam1g — Yai) + % P (Yatra — Vo) — Poj 8o+ P&‘;HS@HJ + (3.1
q q

772



) B ' B
2| — ) (1= 3 B4 Bal1— ) (€ 5 =

=a+1

! 5
-1 .
— ZK3By; (H — 1){@2,-“ —agih) U — VEHB") + By (1 — 113 )]’

the parameter o in (3.11) isa=8—1, 8 — 2, ..., 0. From this it is seen that for

n:;lzz ugy =1 we obtain a homogeneous sytem of equations for Yaj Possessing only a
trivial solution. By virtue of Q >> kT, terms proportional to Bﬁ(1__ﬂ§;1x By (1 — a7
B-
and 3 By can be neglected in Egs. (3.10) and (3.11) for the upper vibrational levels.
y=0+1

As is seen from the structure of the equations, the functions Vo3 are proportional to
(H — 1). Noting this and turning to (3.9) and the definitions of S, and C, we find that a
disturbance of the equilibrium distribution over E;, just as for that over Ey (see [11),
does not affect the value of the equilibrium constant of the dissociation reaction.
Moreover, the ratio between the rates of the forward and reverse chemical processes also
remains in equilibrium in a calculation of the partial reaction rate Wg;. However, by
virtue of (3.6) and (3.9), a departure of the distribution over Ej from equilibrium leads
to a change in the population of the upper vibrational level and, as a consequence, to a change
in the dissociation rate constant. To estimate the size of these effects, we consider the
properties of the solution for Yaj

We can assume that the departure of the distribution over E: from equilibrium grows
with an increase inE,. First, it is well known that for Ey & kT this departure has an ex-

ponentially small value nuTRTTEIAka(RTcy_{ At upper levels, however, where Eq & Q >> kT,

the departure may be finite by virtue of the finite value of the "discrepancy" in Egqs. (3.10)
and (3.11) when equilibrium distributions over E: are substituted into them. Second, the

flow of molecules along the vibrational levels caused by the reaction leads to a greater
difference from an equilibrium over Ey, the higher the number of the vibrational level under
consideration [see (3.6)], since the amount of the flow determined by the reaction is provided
by an ever smaller number of molecules. The strong degree of noncompensation of the
"appearance" and "disappearance" of molecules with a given energy E; that develops in this
case also, evidently, grows with an increase in E,;. The departure of the distribution over

E; from equilibrium should increase as a result. On the strength of this, we write the esti-
mates

2 Pooccj_lq (Ya10 ~ Yoi) = O (Payiar),
g

B
EP%HQ (Yarra — Yoi) = O (P‘a o !/oc+1)y
q a
and using them, we represent the solution for Yoj in the form
B : .
yﬁjz(H—‘i)yzh Yaj =(fl—“i)‘B_B!/:;l‘cj, OL=E""1’ E"—'za es .y (3'12)
o

where the functions ygj and ygj are close to each other in order of magnitude,

y;‘;ﬁ; T K pﬁKB 7YY y;j’% }’)BKg 7 s (3.13)
(Pp+ &p) (BR+ Py + Kp) (Pp+ Kp) (B Py)

and depend relatively weakly (in comparison with By) on E,, since Py, < R & 1. The expressions
(3.12) and (3.13) support thereasoning about the form of disturbance of the distribution over
Ej and show that the disturbance can be finite for levels with Ey & Q for R n RB & Kg. In this
case finite corrections go into the population of an upper vibrational level, into the proba-
bilities of V-T transitions and dissociation, and into the macroscopic reaction rate.
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If Py << KB’ the values of Y8 decreases, in accordance with (3.13), since the reaction
rate decreases in this case, as weil as the flow of molecules over the vibrational levels,
connected with it and disturbing the equilibrium distribution over E, and E;. Let us consider
this case in more detail. Here we can use (3.9), (3.12), and (3.13) to obtain the estimates

S PB 12 PB R
s K V.R P 14 P R
e . _ B B B
Wp; & ZBg; Py (H 1){1 + [R+Kﬁ] =+ [KB] +,[R+Kﬁ] },
P,V p, 1R
~ — ll:3 2B
v @ —o{ ]+ | ]}

¥, @1 Pp R
PTG T, |BFK)

In (3.14) the symbols [...]V and [...]R mean that the contribution of the corresponding order
is due to the disturbance of the equilibrium distribution over Ey or over E;j. From (3.14)

it is seen that in the spatially uniform case with Pp << Kg a finite disturbance of the
equilibrium distribution over Ej, @g:% Kg(R + KB)'l, is possible only in the initial stage

of the reaction, when H % PB/KB. This disturbance also makes a finite contribution to the
population of an upper vibrational level. For PB/K << H < 1, when the departure of Yg from
Bg is still large, the functions ¢ gy decrease considerably: @g; & (H —N)PlHR + Kp)I-1 .
Their contribution to the population of the vibrational level with an energy Eg is also
small, We note that the chnages in ij can be finite here, although the changes in

M7==:SVVW connected with the disturbance of the Bj distribution are small: The finite
3

corrections vanish in the summation over j.

The approximate calculation of Yaj should be based on the properties of these functions

defined by (3.12) and (3.13). If the disturbance of By takes place with Ej % kT, then it is
appropriate to approximate the dependence of Yaj on Ey and Ej using the expansion

B

a h=07r=1

B [>¢] oo
Yoj = (H — 1) =2 3 3 d*"pP1",

where H(r) are Waldman—Trubenbacher polynomials of Ej; pék) are polynomials introduced through
the exp}essions

B
E —e¢ .
pg!)='1’ pél): Ot() V, 2 bapgl)pg’)__:(), k#h,
a=0

E N[ E AN g,
ba = exp (T;:—) [2 exp (—k]l")] , Ey = 2‘ Eaba R~ Q

=0 =0

and possess good convergence for Ey & Q. In the case when R >> PB N KB’ the system (3.10),
(3.11) in the main approximation breaks up into a series of independent equations,

M ;38? (e — yp) = (H — D K§ (a7 — xg;), (3.15)
B o 2
M Y R (Yaq — Yas) = (H — 1) R — ™),
q

the last of which is written under the assumption that Ey >> kT. In accordance with (3.15),
in a first approximation with respect to the polynomials er we find

oo 2 (H — 1) AT 1, M0 = D08, B = g ByEn,
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o) Ky 2 BiE; (B — )
4y = !

5 5 E
M 3 REIB;(Eq— Ej)
q2

3

—1 a1
K} 2 BE;(ngt — g3

A(;) — i
~ M X, RB; (Eg— E))
a3

4., The solution to the problem of the velocity distribution of the dissociating mole-
cules, or at least an analysis of its general properties like that made in Sec. 3, require
cumbersome transformations and calculations in the general case. As an illustration, there-
fore, we consider a reaction model when the molecules dissociate frm an upper vibrational
level, while the cross sections of elastic and inelastic collisions between molecules and
inert atoms satisfy the conditions

g > oR > of ~ o¥. (4.1)

We shall assume that t & tc or L & tcu. By virtue of the smallness of the concentration
of molecules, the distribution functions of the atomic components differ from Maxwellian
distributions by the exponentially small terms “tg/tg. We represent the solution for faj in
the form

fos =&+ ef + .., f =TS, & =Tjre <, )
4.2
g]i) = fgg 1+ Yo + Yoj + Dej) = fujo (’1 + (D:cj): faio = NaiFajy
(D“j = (1 + Yo+ ‘yaj) CD;]-, 5 fggq)ajdgaj = Oa,
where fég) is the solution of Eq. (2.8) of the main approximation; & = NF ;B.;; fui is the

Maxwellian distribution of molecules in the state (aj); the functions @gj characterize the
disturbance of fu 0. In connection with its definition, ®§j are considerably exceed Qaj in

magnitude, which is connected with the depletion of the population of the upper vibrational
levels due to the "sink" of molecules into the reaction. We obtain the soclution for Oy 3 for
levels with energies E, << kT, where the disturbance of fajo is greatest.

One can show that for the adopted conditions yy: in the main approximation satisfy Egs.
(3.15), the approximate solution of which is given by Egs. (3.16). The functions by are
found from the equations

MBo;Fa; | Fy(©a;— Do5) dTe;ds = Byif oiKB (H — 1) Aaj — MBaosF oy 515 (yog — vas)y @ =B, B—1, B—2, «--» (4.3)

which, under the condition (4.1), follow from (2.8)~(2.16) after the substitution of the
solution in the form (4.2) and the determination, using proof by induction, of the expression
for xo through W, yuj, and g3 (see below), neglecting definitely small terms in the equation.
In (4.3) F, is the Maxwellian distribution of inert atoms, normalized to unitys; dI = gdo; g
is the relative velocity; ¢ is the cross section of the corresponding process in a collision;

£ is the velocity of the inert atoms; :

Api = TR — Xpj; Agy =I5 — 15, a << B;
P < 3 [ Fodrediods; v = | Fardae;
2
K§Xp; ~ | Fodrgae.

The conditions of solvability of (4.3) — orthogonality of the right side of the equation

to unity in integration over £43 — are satisfied by virtue of (3.15). The uniqueness of the
solution is assured by the normalization of ®yj [see (4.2)]. The functions ¢y; equal zero
only when the conditions Ayj = 0 and yu; = 0 are satisfied simultaneously. For H # 1 the

second of them is satisfied if Pg?l and Kgj do not depend on Ej. By its definition, hgy =0
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when XBj and Hgil do not depend on gaj and E; and hence are identically equal to Z/n. Here
and later n is™the density of inert atoms. Consequently, in the general case o3 # 0 and
their values are given by the estimates

@p; ~ (H — 1) KpPp (Kp + Pp) ™", D ~ Op;BB5 ", o< B. (4.4)

In a first approximation in Sonine polynomials, for @aj we find

D= aGISTL (W), W = (§aj— u) (m/2kT)",
al = (H —1) By [zs;w g bad (g — &) — Kaxw-] (16unMBQLY) .

Here the integrals Q(i;) are determined in [10]; €y = Ej/kT; Yp = m(m + mg)~%; m; is the mass

of an inert atom; the coefficients A(&) are given by the expressions (3.16);

bE_—l bg' baT] C!}'j‘l

e 7 — _PI, R ay . x} .
;\‘62 - Pg_l Kg, }\‘OL] Pg_l Pg-l-l’ o< ﬁy
with b&?‘==25b§%”. The quantities b are defined as

g

e VR ugz)u_gf_ — g
b‘“(znkT) 5 exp (“m o L dgs B = Hul;

With allowance for ¢4; # 0, the expressions (3.6) and (3.9), the first of which must be
simplified for the model of a reaction from the level ¢ = B, are altered as follows: The
additional term

24 .
Do= 2 n(zPg") ' Y th EonFy (Df_1q — D) d0o% "UdE dion (4.5)
d=1 gh .

B
appears on the right in (3.6), the sum Dj=Dg—2 ByD, and
=1

o 4.6)
Aﬁ =N (ZKOB) ! ; Bh 5 FﬁhFo(DBhdI‘ghdg dgﬁ,h (

with a minus sign must be added to the expression for W from (3.9) inside the brackets on the
right, and

1 + K{ByL,(H — C — Ag) + Sy + D} (4.7)
must appear in the expression for Yg from (3.9) inside the brackets on the right.

These changes have a general character and are valid, e.g., in the case when all the
collisional cross sections are comparable with each other. When the conditions (4.1) are
satisfied, the contribution of Yaj and ¢aj to W, Yg, and x4 can be neglected. For Kg & Pg &

R & 1, when the above solution is invalid and suitable only for estimates, one can show, using
(4.4) and the expressions for the W, Yg, and Xy altered with allowance for (4.5)-(4.7), that
the disturbance of fgip is finite here and introduces finite corrections to the reaction rate
and the populations o% energy levels. Since ®yj are proportional to (H — 1), the disturbance
does not change the equilibrium dissociation constant. In accordance with (4.4), the value

of ¢4y decreases in proportion to BBBOL"1 with a decrease in Ey.

In conclusion, the author thanks V. S. Galkin, M. N. Kogan, and E. G. Kolesnichenko for
useful comments in a discussion of the work.
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OPTIMIZATION OF ELECTRODYNAMIC ACCELERATION REGIMES
FOR CYLINDRICAL CONDUCTORS

S. A. Kalikhman UDC 538.323

At the present time electromagnetic accelerators which use the action of an
impulsive electromagnetic field on a current-carrying conductor appear to be
promising devices for the study of high-speed collisions. In the regime using
separate sources for the accelerating magnetic field and the current in the
conductor being accelerated it is possible to bring cylindrical conductors up

to velocities exceeding 12 km/sec [1]. Acceleration regimes have been calculated
previously [2] assuming independence of the current density in the conductor from
the accelerating magnetic field. However, as analysis of transient electromagnetic
processes occurring in the interaction of an impulsive electromagnetic field with
a cylindrical conductor shows [3], the maximum current density, limited by

heating conditions, depends significantly on the induction of the accelerating
magnetic field. In the present study we will analyze regimes for electrodynamic
acceleration of cylindrical conductors with consideration of diffusion of both the
intrinsic and the external impulsive magnetic field within the conductor.

We will use an idealized two-dimensional calculation model in which an infinitely long
conductor with axial current i is located in a homogeneous transverse accelerating magnetic
field with induction B. We will assume that the current and magnetic field induction vary
with time as follows: :

B = Bl — exp (—t/T)], i = i1 — exp (—t/T)In(t — &),
where n(t — t,) is a unit function [4].

Such current forms can be realized with power supply from high-Q inductive supplies
with time constants much greater than the acceleration time [5]. Similar forms can be
obtained from capacitive supplies with active load switching [6]. Introducticn of a
delay time t, permits more complete use of the magnetic field induction, which, as will be
shown below, allows attaining additional velocity in some cases.

Cheboksary Translated from Zhurnal Prlkladn01 Mekhan1k1 i Tekhnicheskoi Fiziki,
No. 6, pp. 24-28, November-December, 1985. Original article submitted September 14, 1984.

0021-8944/85/2606-0777$09.50 © 1986 Plenum Publishing Corporation 277



