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Define the beam parameters - SLAC 50 MW tube data

Anode voltage Beam current Centre frequency Input power Magnetic field
Va = 315-kV IO = 354-A fO = 2856-MHz Pin =5W BO =0.11-T
Tunnrel radius Beam radius Number of cavities  Field profile parameter (Equation 3.90)
a:= 15.9-mm b:= 11.0-mm NCAV =6 kgap := 4

kgap = 0 for a uniform field in the gap
kgap = 4 for approximation to a knife edge field
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Define the cavity parameters

NB. The first element of each vector is not used. The cavity count starts from 1. A cavity is unloaded if Qe >= 95000.

Cavity frequency Cavity harmonic External Q Unloaded Q R/Q Gap length Gap position
0 0 0 0 0 0 0
2860 1 200 2000 80 0.0068 0
2870 1 95000 2000 75 0.0072 0.056
fc :=| 2890 |-MHz nh:= |1 Qe :=| 95000 QO :=| 2000 R Q=187 |-Q gap := | 0.0082 |-m zg:=| 0.111 [-m
2910 1 95000 2000 96 0.011 0.166
2970 1 95000 2000 96 0.0116 0.444
2853 1 21 2000 85 0.0162 0.555

Define the charge/mass ratio of the electron. Note that the primary electric constant and the velocity of light are already defined in Mathcad.
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Calculate tube constants and small-signal parameters

Calculate the beam voltage and velocity allowing for space-charge potential depression and relativity

Vo= Vo< Va Vo =291.1'kV
for ne 0..3
0.5 _
0 ool 1 Equation 1.4
n 2
Vn
I+ —
VR
V . «V o0 ! 1 b
Tamens 2 MG
el 0 2mequ (2 a Equation 7.8
return V
n+l
1 0.5 . g m Vo .
uy=cfl -————— Equation 1.4 upy =2311x 10" — Vel = 1+ — Equation 7.12 Vpel = 1.57
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Electronic propagation constant w 2.7 Be(w)
propag Be(w) = — Ae(W) = Ve(w) =
uo Be(w) rel
Be(wp) = 77655 L Be(wp)b = 0854 Ve(wp) = 49471 L
m m
Be(wp)-a = 1.235 Ye(wp)-a = 0787
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Calculate the plasma frequency and the reduced plasma frequency

Equation 7.47

Calculate the Brillouin field and the ratio mB = B, / Bg

2 “po
Vel M

Equation 7.55

BB =

Calculate the plasma frequency reduction factor p = w, / wp

Tb(Bb, m,p) := Bb-

1 1
fl(Bb,A)  fn2(8b,m,p)

fn(Bb,A,m,p) =

wq(w) = P[(we(w)-b),%,mB}wp

By =0.0574T

mB =1.916

fn1(Bb, A) = —. LL(B)-KO(ABb) + I0(A-Bb)-K1(b)

Bb 10(Bb)-KO(A-Bb) — I0(A-Bb)-KO(Bb)

1
1 - —

p°_ I1(tb(Bb,m,p))
Tb(Bb, m,p) I0(Tb(Bb, m,p))

fn2(Bb, m,p) =

P(Bb, A, m) := root(fn(3b, A, m,p),p)
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Fast and slow wave propagation constants

Br(w) = Be(w) = By(w) By(w) = Be(w) + By(w)

Yp(w) = Yo(w) =

I0 )
’Yrel'(’Yrel + 1)'Va wq(w)

Electronic admittance Y (W) =

Axial gap coupling factor

ud(B, gap,k) = sinc(%j if k=0

otherwise

Coupling factors of the gaps

M(w) := | for ne 1..NCAV

211(~.(w)-b ‘
ME Dt ) )-ud(wew),gapnaﬂj

1 (Ye(w)b)T0(ve(w)-a gap

n

return Mf

By(wp) = 83.289 <

1
Bf(wo) =72.021— -

m

Y(wg) = 384 10 3%

Axial gap coupling factor for field shape parameter k.
See equations 3.90 and 11.36

0.888
0.887
M(wp) = 0.885
0.879
0.877
0.861
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Calculate the beam loading admittance assuming a uniform field in the gap

(10¢y-0) = 11(y-))

Rel((3,7,a,b,gap) = 5
10(~-a)

) Y. (w)
Beam loading conductance

Gb(gap,w) :=

‘(Rel(Bp(w). (W), a.b. gap) — Rel(By(w).¥s(w).a,b. gap))

-sinc(0.5- B-gap)2 [ Equation 11.101 |

[Equation 11.98 |

Choose the number of terms in the summations for the gap susceptance  nmax := 2
A= | for ne 1..nmax r(w,gap) = | for ne 1..nmax
Zeroes of JO [Equation 11.103]
X & N 2 2
N, gap a-Bg(w) b ug
X« root(JO(x),x) r « 1= | —=
n n a )\n-gap c
return A
return r
NIl(w,gap) := | for ne 1..nmax
N 2
n
N «
n a
(W, gap) -——
gap
return N
x(gap) = | for ne 1..nmax y(gap) := | for ne 1..nmax

[ Equation 11.106 |

b Y’
gap-JO
N aJ

O ST

return x

[ Equation 11.107 |

b Y’
gap-J1
N aJ

N ST

return x
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Al(w,gap) := | for ne 1..nmax
r(c.o,gap)n -1+ exp(—r(w,gap)n))
A« 2:Nl(w, gap) -(x(gap) + y(gap) ) |Equati0n 11.104|
n n n n r(w,gap)n
return A
Bl(w,gap) := | for ne 1..nmax
3 - 2~r(c;.},gap)n -3+ r(c;.},gap)n -exp —r(c;.},gap)n -
Equation 11.105
B, < NI(w,gap) -(x(gap), + y(gap) | | ; o ) [Equation |
(r(w. 2ap) )
return B
(@ gap - sin@gap)100y0) — 11 (v:0)°) |
Imi(w. 8.7, gap) = - ) N [ Equation 11.102 |
(B-gap) -10(-a)
nmax Al(w,gap) B1(w,gap)
t2Beap Z 2 2 2
n=1 2 2" (Breap)” + (r(w,gap) )
(B-gap)” + (r(w,gap)n) n
_ Yo (w)

Beam loading susceptance Bb(gap, w) := -(Iml(w, Bf(w),'\{f(w),gap) - Iml(w, Bs(w),qs(w),gap))
Beam loading admittance Yp(w) := | for ne 1..NCAV

Ybn “— Gb(gapn,w) +j -Bb(gapn,w)

return Yb
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External conductances of the cavities Admittances of the cavities Total admittances of the gaps
Ge:= | f 1..NCAV Ye(w) = |f e ==
e:= |for ne 1. o) = o Y(w):= | for ne 1..NCAV
-1 .
Ge_ < (R_QnQen) if Qe < 95000 for ne 1.NCAV Y < Yb(w)n +Ye(w) + Ge
Ge <« 0 otherwise 1 1 f an return 'Y
n Yo e ——|—+j|—-—
return Ge R_Qn QOH fcn f
return Yc
Calculate the gap voltages Zwy:= | for ne 1..NCAV
1
Zn — ”
Vg(w) = | Bg < Be(w) (W,
return 7
By < Bq(w)
for ne 1..NCAV
MMn «— M(u))1
YYn «— Y((.u)n
Ve, < [ Pip
(i)
for ne 2..NCAV
Vgn «— Vgn «~0 0 ;)65
for me 1..(n -1) 0.738 + 1.317i
Y.(w) g
e . e o Ta (e Al B Vg(wp) =| -5.984+2.128i | kV
R e t CREN BN CREN) I vl
Ve, —23.855 + 111.015i
—211.771 — 324.3591
return Vg
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1 2 . I)out("") .
Poy(w) = E-(|Vg(w) 6|) -Ge Gain(w) = 10-log| ———— Gam(wo) =69.2-dB
in
f := 2.83-GHz,2.835-GHz.. 2.91-GHz
Small-Signal Gain Loaded cavity responses
8000
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60 g
=
e
(5]
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£ 40, £
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o——o—b— =
20 0
2.82 2.84 2.86 2.88 2.90 2.92
Frequency (GHz)
0 ¢ Cavity 1
2.82 2.84 2.86 2.88 2.9 2.92 +++ Cavity 2
Cavity 3
Frequency (GHz) >0 Cavity 4
6690 Cavity 5
Cavity 6
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