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The radial motion of an electron on the edge of the beam can be found by solving the differential equation below subject to the initial conditions in R and
R' where R = r/b and b is the equilibrium beam radius. The effect of changing the magnetic field, the beam current and the initial conditions can be
investigated. The independent variable is
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Set the values of the beam stiffness parameter m, the initial conditions for the normalised radius and normalised slope and the final value of 6.

mg = 1.0 Rp:= 1.1 Rly:=0 Oeng = 10-7
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Definitions for the magnetic field and beam current relative to their uniform values. The effects of different functions can be investigated by selecting them.

k_control :=

B_control :=
Step Step
Ramp Ramp
B_step:= 2.0 k_step := 2.0
B_slope := 1.0 k_slope := 1.0

k()= |k« |1 if 6<27

B®):= |B« |1 if 6<2m
. 9. _
1 if 6>2-7w A B_control = 1 I if 221 A k_control =1
. >h. -
B_step if 6 >2-7w A B_control =2 k_step if 8227 A k_control =2
B_slope-(6 — 2-) 4 Xslope® =21 | e o5 5 A k_control = 3
1+— P if 6 >2-7 A B_control =3 * 2Tt = amA Rcontron =
2.7
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The differential equation is solved for the initial conditions R = R, and dR/d6 = R1,,

Rl
D(O,R) := | _k(®) I—L 1 - R_|'B(0)
2 2 3 0

Initial conditions

Ry
RO :=
R1,

©® := AdamsBDF(RO, 0, 10-7t, 1000, D)

dR
do
dR
o = f(Roms)

The equation derived from equation 7.53 is
expressed as a pair of simultaneous
first-order differential equations,

Numerical solution of the differential equation. The first column of the matrix
© contains values of 8, the second column contains the normalised radius
and the third column contains the normalised slope of the beam edge.

mB=1 R0=1.1 R10=0
™S\ paN 7\ N\ N\ paiN 7\ pa
R NS NS N. NS NS NS
[a4
0.5
0
0 1 2 3 4 6 7 8 9 10

BL*z/7

When the beam is not in equilibrium it
scallops around the equilibrium radius.

The maximum and minimum values of R can
be found by using the Trace facility.
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Estimation of beam stiffness

The beam stiffness can be estimated by calculating the change in the equilibrium radius when the beam current is multiplied by a factor k.

0.5

k+Jk2+ 4-m 2~<m 2_ 1)
Rl(k,mB) = 5 5 Equation 7.65

2
Z'mB

Plot the dependence of the normalised equilibrium radius on the normalised current for various values of m. The results are close
to those obtained from integration of the differential equation with a ramp function for the current.

kl:=0,0.01..4
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Figure 7.5
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The normalised RF bulk and surface currents can be estimated by finding the proportions of (/ - /;) which lie inside and outside R = 1.

k
— |-
KRl(k,mB)zj } .
Ig(k, mg) = Equation 7.69 Is(k,mp) = 1 — Iy(k, mp)

k-1

Define the range of values of m and plot the normalised body and surface currents for different depths of modulation. Note: 1,/1; = (k - 1)

mB:=1,1.01..5
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Define the parameter Q1 to enable Iz and |5 to be plotted for comparison with Figure 2 in
Brewer, G. R. (1956). "Some effects of magnetic field strength on space-charge-wave propagation.”

Proceedings of the IRE 44(7): 896-903.

m, 2 1
Ql(mB) = BT

Normalised a.c. current
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