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Slater theorem and applications
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Inserting small metallic objects into a cavity or slightly deforming the shape of the cavity can be
treated by the perturbation technique (Slater theorem)

=

Original cavity i Perturbed cavity

V x Eg = —jwouHyg VXE=—jwuH
V X H() = ijf-:E() VxH= jWSE

H-(VxE)—E: (VxH)=V.(ExH) = jwuHy - H — jweE! - E
H: (VXxE)—E-(VxH)) =V (ExH) = —jwuH: - H+ jwoeE - E|

/V-(EXHS—FEE‘;xH)dV:%(ExHS—i—ESXH)-dS:
1% S

nxE=0

onS > = ji(ES x H)dS = —j(w — wo) /V(€E -Eg + pHg - H)dV

See H. Henke, RF Engineering, CAS 2000
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Inserting small metallic objects into a cavity or slightly deforming the shape of the cavity can be
treated by the perturbation technique (Slater theorem)

=

Original cavity i Perturbed cavity

/V-(EXHS—I—ESxH)dV:f(ExHEH—ESxH)-dS:
v S

:j{(Eg><H)-dsz—j(w—wo)/(sE-E;ng.H)dv
S \%
S =28~ AS f(ngH)dS—j{ (ESXH)dS:jI{ (Ef, x H)dS

So AS ¢ AS

$.o(Ef x H) - dS Exact (but not very useful)

” ” expression since E, H in the
Jy (B B + uHg - H)dV perturbed cavity are unknown.

Ww—wp = —]

See H. Henke, RF Engineering, CAS 2000
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Original cavity

=

E ~ EO
H ~ HO
small perturbation

]{ (B x H) - dS ~ ?{ (Bf x Hp) - dS = —jwo/ (e[ Bo|? — ulHo2)dV
AS AS AV

> Poyting Theor.

$ag(ES x H) - dS
[ (eE-E§ + pHg - H)dV
It is essentially the energy stored in |

the cavity and it will not change <€ Change in stored
much with the perturbation. electric/magnetic energy

Ww—wy = —]

Ww—wo _ fAV(,LL\HOP — e|Ep|?)dV AW, = AW,
wo [y (ElBol? + plHo[?dV W, + W,

Total energy stored

See H. Henke, RF Engineering, CAS 2000
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=

Original cavity Perturbed cavity

=

small perturbation

Aw  [ay(u[Hol? —[Eo[?)dV 1 / )
AV

1
~ — Hy|?dV — / e|Eo|*dV
0 ], CRoR + APV~ W Jay MY =, [

The frequency shift depends on the kind and the amplitude of the unperturbed cavity field.
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Task: for a given cavity with two tuners, you can tune the resonant frequency two modes
simultaneously.
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Introducing a small metallic object into the interior of the cavity should perturb the frequency in a
similar way by an amount depending upon the local fields, and thus we could use the frequency
shift to measure the field strength at an interior point.

A 1 1
e / u[Ho2dV — / e|Eo|2dV
AV AV

wo Wtot Wtot
Measurements
2 2 2 2
Do (g [HP g HUP (e B Bl
U W, T W " Wi W
Wo tot tot tot tot

Theory and/or calibration in known cavities

Accelerating field on the cavity axis

E2 1 Aw

S
Wtot ]CJ_EJ wWo
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Introducmg a small metallic object into the interior of the cavity should perturb the frequency in a
similar way by an amount depending upon the local fields, and thus we could use the frequency
shift to measure the field strength at an interior point.

{

A 1 1
Y~ / w|Ho|*dV — / e|Eol?dV
AV AV

wo Wiot Wiot
Measurements
2 2 2 2
Do (g [HP g HUP (e B Bl
U W, T W " Wi W
Wo tot tot tot tot

Theory and/or calibration in known cavities

In general

Metal objects affect E and H field
It is possible to measure H field

with two measurements
Dielectric objects affect E field
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So1 =
21 14+ 7Qro
2A
/S91 = — arctan (QL5) tan (4521) = QL0 ~ w_w
0
A 1 é
Y —— tan (4521) 521
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Periodic cavity:’S parameters.... =7
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. WALE ———— J

|S11] (db)
[ —

1S21] (dgb)

A PV

20F e

“40F :

100

Freql{enza (Hz) Freqqenza (Hz)

120 1.115 112 1125 113 1.135 1.14 1.145 -3 1.115 112 1125 1.13 1.135 1.14 1.145

x10'° x 10"
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Periodic cavities: fieldon.axis_.. =] <
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RF deflectorfor'SPARC .7

- Campo E sull'asse
h - Modo 11 (TMy4¢-like)

- Campo H sull'asse
- Modo 1 (TM;o-like)
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RF deflector-Al prototype. . .. =
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RF deflecto '
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Polarita

modo 7 | senza barre | con barre

0° 2.85358 2.85379
90° 2.85482 2.90174

=-1u T T T T T T T T T

" Polarita' O ?
P I ,Pola{Ea' 90

Sip Sy, [dB]

-100 § ’ i

_ _ -110 i » 5 | : 1
284 286 288 29 292 294 296 298 3 -120 ' ' '

res [Hz] X 'IOg

{ l

284 286 288 29 292 294 296 298 3

res [Hz] X 109
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Cavity transient
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