Problem Set # {
Barnard/Lund USPAS 2015

Problem 1

Consider a round uniform ion beam with a current of

1 ampere, compose of Au* ions (atomic mass A =197), a
kinetic energy of 2 MeV, a beam radius of 2 cm and
normalized emittance of 1 mm-mrad.

Calculate for these beam parameters (to 1 or 2 significant
figures).

a) f=vyc (assume non-relativistic beam)

b) n = number density of ions in beam

C) kT = transverse temperature (express in eV)
d) A, = transverse Debye length

e) Q generalized perveance

f)y A = plasma parameter
g) A¢ = potential difference between center and edge
of beam.

For reference:

= 1.6 x 1019 C [proton charge]
kp=1.38 x 10-2° J/K [Boltzmann's constant]
&, = 8.854 x 10-12 F/m [permittivity of free space]
¢ =3 x10% m/s [speed of light in free space]
m,,,, = 1.66 x 10?7 kg [atomic mass unit]
m, ¢’ =931.1x10% eV [atomic mass unit in eV]
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Problem 2

Show that:

<é’é>_m A
"o 4ne,

for a charge distribution in which p(r,8) = p(r) only.

Here A =line charge density = T2mf'p(r)dr

]
1 o
=— J. (r)2 7rp(r)dr
/1 0

where g is any beam quantity that is a function of » only.
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Problem 3

Let the equation of motion for a single particle be:

x"'=—a(s)x”

Here x is the usual transverse coordinate and s is the
longitudinal coordinate. -

Calculate the derivative with respect to s of the square
of the emittance:

g = 1.6(<x2><x’2> — (xx’)z)

Express %—in terms of (x*),(xx),(x'x"), and (x"").
Z

For what value of n is %(?——— identically zero?
S
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