










Fig. 2 that the current enhancement occurs mostly when xB reaches within a

"boundary layer" width of P The width of this boundary layer (skin depth)

is 3n the order of L/v, as suggested by Fig. 2. This may also be deduced by a

dimensional argument from the diffusion equation (1).

The above phenomenon of current enhancement is also observed when we

extend our model to two dimensions (e.g., a current carrying wire, situated

insile a waveguide filled with conducting medium, is given a uniform

transverse motion). Specifically, the maximum enhancement factor of three, as

well as the presence of a boundary layer, is again obtained. Indeed, these

features are of such a universal nature that they are independent of the

initial location of the current wire (or current sheet for the one-dimensional

- problem), as long as d > t"

This asymptotic limit of three demands an explanation. To fix ideas, we

return to the one-dimensional model described above. We let the speed u be

finite and the channel conductivity a be large (so that v = au is large). The

beam current always contributes one unit to the enhancement factor F, so it

suffices to argue that the induced current contributes twice the beam current

as the current sheet approaches PR*

" One unit of the induced current comes from the persistence of the initial

magnetic field 3A(x,O)/3x which is already present at t - 0. The associated

current distribution, which relaxes slowly in the limit 'Td > > t is

represented by JA in Fig. 3. It is approximately gaussian in space. The

total current associated with JA is approximately equal to IB since little of

this initial magnetic energy is dissipated on the time scale T if T > > T

The remaining unit of the induced current originates from the motion of

current sheet. [This unit is independent of the initial A(x,O), it therefore

exists even in the hypothetical case A(x,O) = 0.] For uniform motion of the
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current sheet, Eq. (1) admits a self-similar solution of the form Ac(x,t)

f x - xB(t)]. Such a solution Ac yields an induced current density given

by

0 x < x

C ,it) v e rv(x-xB)/L x
- B

which is sketched in Fig. 3. in physical terms, the movement xB inductively

drives a return current at the leading edge of xB, as given by Eq. (4).

However, Ac(x,t), which gives rise to J., does not satisfy the boundary

condition Ac(L,t) - 0. An image current source of the form -Ib6{x-[2L-xB(t)]l

must be added to render the vector potential zero at x = L.6 Associated with

this image is the current density

J ' ) 0 P x > 2L - x B (5

JD(x,t) - ( iL2 (5)
B-"" e v(x 2L XB )/L, x < 2 L - xB

which is also sketched in Fig. 3. Summing up all contributions (JAJBJcJ D )

between PL and PR' a current enhancement factor of 3 is then obtained as

xB + L, since the contribution from J becomes negligibly small, while the

contribution from JD becomes significant. From Eqs. (4) and (5), as well as

Fig. 3, it is clear why the current enhancement would occur within a boundary

Layer of width L/v of P. when v is large, as shown in Fig. 2.

*The above result has been based on idealized models. Nevertheless, the

exposition of the basic physical processes enables us to give an assessment of

*more complicated situations. For example, if the electrical conductivity

a is highly concentrated only near the central region of the channel, (i.e.,

a is small near the boundaries Pa and PL ), then only JA and JB would te the
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Fig~. 2. Evolution of F for variouis parameters of v.
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