SOLUTIONS

1. The upstream deHoffmann-Teller velocity is given by
7i x (B x Vin)
ii-B

Show that this is also the de Hoffmann-Teller velocity in the region down-

Viur = —

stream, i.e., that automatically the downstream flow is field-aligned when
transforming into the upstream de Hoffmann-Teller frame.

Solution:

i X (g X fm) is the tangential electric field. The tangential electric field is
constant through the shock and does not change. 7 - B is the normal mag-
netic field component. The normal magnetic field component does also not
change through the shock. Thus the de Hoffmann-Teller velocity upstream
and downstream is the same.

2. Derive the following expression for the ratio of downstream to upstream
tangential magnetic field component through a MHD discontinuity

(B2 _ (va)1 — (ch)n
(B (v3)1 — (e

where r = (v, )1/(vn)2 = p2/p1 is the compression ratio and ¢;,; = (Bn)1/(p1p
the upstream intermediate speed. Use for the derivation the tangential mo-

mentum jump condition and the condition that the tangential electric field
is constant through the shock.

Solution:
The tangential electric field in the HT frame is zero on both sides

1f‘::lByl = t"lezl; UIQBy:Z = t"y:}BI
Note that B, = B,o = B,

The tangential momentum balance reads:

= P2U2Uy2 —
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or after substituting for v, and v, from the tangential electric field equa-
tion
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Now use vz0 = vp1p1/p2 and p2/p1 =7
the after some manipulation one can write
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#4 SEE “SHOCKS CHAPTER” on summer school Nicemeeting website
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(a) For a stationary planar system
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(b) pV = A, mass flux
pV? + P = B, momentum flux
For the last equation write
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PV =, energyflux

Note that P/(y — 1) = € is the energy density of energetic particles.

()

A = poWo

B = poViy

dx



or
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Let z = z(v + 1)x/(2kK)
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note V' < Vp and dV/dx < 0

C describes the position of the structure in z, we take C' = 0:

Vo Ww—V
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Solve for V(x)
1+ It exp(Vor/k)

V=" 1 + exp(Vox/K)

1 + exp(Vhz/K)
0 P -
1+ :;Ti exp(Voz/K)

p=p
P=poVg —pV? = poVo(Vo— V)

_ V2 2 exp(Voz/K)
v v+ 1[1+ exp(Voz /K]

The structure represents a strong modified shock by energetic particles.
Since P(x — —oc) = 0, the shock has infinite Mach number and a compres-
sion ratio of 4. The energetic particle acceleration provides all the shock
dissipation - there is no fluid subshock.
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