Summary of TM mode

y L7 ,]2 — m=012 .. T = 2.405, 5.520, 8.564, ...
T Iz T 5" — — [ ]

oIM = L (o)t (22) ) n= 128 11, = 3.832,7.016, 10714, ..
mee = YRS T /] p=0,1,2 — 5.136,8.417, 11,620, .

E.(r¢,z,t)

pr B\[/ m R ' r r ' T™
E[](__] (__]Jrrrl'i'rrrrrﬁjl Jm+1 Tmrrﬁ] cos(me) b”'ll\rpn-]':"-h"-‘-’mnpt:'

Imn L Imn T.
f pr B\ [ m R r i T™
qu,l\r.qﬁ.z.tj = Ey ( — ] (;1_] Jo | T = - ] =in(ma) sin (p’n’z ) I:l'JbILL-'"”rPt:I
, r’ z ™ ,,
E.(rnd.2t) = Epl, T,,,,,R cos(m) cos p':'TL n:ns(u"”mtj
: R _ gy (m By [ r)\_ z\ oy
B.(r.¢.z,t) = Ep/uc ( - Ny, uEqu”p:I T—?) T TIME ) sin(ma | cos (WE] 5111(umnptf|
LT o = TRETE # g L 1 i
; —( R _ 'r'."lf. m R I r I r P AW TM
E'qg,l\r.qﬁ.z.tj = E[]Vf'p.c (T—V‘pcuwm] T—:] Jm IK(T””'E:I 41 [’T,,”,E\J cos(ma) cos prrz) mlﬂ\uwrpt)
& = FILTR L ETRTE # d L J L ] o

B:(rzt) = 10

e . -
o DORTHPRY TLLINOIS P. Piot, PHYS 571 — Fall 2007 BEAG

'!5 UNIVERSITY Beam Physkes & Astrophysics Gro;




Summary of TE mode

0oL, By 2 = 3582, 7.016, 0.7, ..
1,2,3,... —{ x| =1841533853,..
18,3, zh, = 3054, 6.706,9.970, ..

e _ 1 It N feen2] ™
e BEY
u'lT"nF’ = __V' = vl( T ) e l : ‘] : i

N P

LL— . m R ph & 713
E.rg,2t) = Ep VHEW - | I (T'mn - ) sin{ma) sin [:prr—] co8 (W o)
.T’"W i .T:rrn v ' R- h L.
i B, = TE \[( m R ) FO. I - THE
th(r: f,z,t) = Ep —v’uw"”rp] [,__ T rmn_J - Tyt (T”m—) nos( g Eln l(p'l'r—] t:ur;lf..;mnpt:l
|Irri-n ) .Tmn J'“ R : R L]
E:frg,zt) = 0O
[ m R m R’ by ol ;T EATN
B.(rg.zt = Ep/pe IT);H" E a ]— Jm ,T"HIE,:I ~ Jm+1 ,TT""E,) oos( M) cos (IPIEJ ?illll:u),r""pt:l
By(r,,3,1] g _(IW R‘)I(’mﬁl)“’ ol ) sinfme) cos (pr = ) sinw! %
Tz, = —Ej, /pe — _— (:r —) inlm t:l:n'(prr—].'mw o f)
dJ ,I I'\. ,TJFH‘.II‘ L, -,Tiﬂﬂ r." g J "“TR- ’ ,I ) L ) T
B 5 _ E _J iy T- . i1 I 31 S TE
(rgzd) = /S m TTME EL'Ibtmq‘:l':lbl]l(FTl'E bm(u.l"”wtj

é n
o NORTHERN ILLINOIS P. Piot, PHYS 571 — Fall 2007 BEAG

'!5 UNIVERSITY Beam Physkes & Astrophysics Gro;




Comment on cavity geometry

« Resonant frequency
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e not interested n large poor B Dimg o p e Wenng %ij—“ = R-independent.,
. hE L

o not interested in large moor i (and/or large L) @pnp — #_’T for large m or noand

T
R/L ~ 1 L-independent.

= The most interesting modes in practical applications shonld be low order modes with

R/L ~ 1.
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Some convenient Formulae

 Let's write the axial field for TM and TE mode as

TM: E.(r.¢0) = Eyt(r,¢), B,(r.¢) = 0:
TE: B.(r, o)

— Eg/ped(r, o), E,(r,0) = 0;

st

[note: here we introduce y not to be confused with the Y previously used]

 For both mode with therefore have

E(r,¢) + —B2(r,¢) = E2°
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Some convenient Formulae

 From last lesson we have, for TM and TE mode
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Computing U

* The stored energy in the resonant cavity is

2
U=1 f d7*(ED + BH) = i/ Iz (EE T B_)
i 1..-

2 N 2 e

* Note the convenient formulae
— [dzsin?(kz) = L/2
- [dzcos*(kz) = Lf2(1 + &)

—  Time averaging sin’(wt) or cos®(wt) gives 1/2
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Computing U

« We also have
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» So integrating (by head) over z and t-averaging gives
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Computing U

Consider jljl dA(V:)?

We have _ . . |
[ dA(V))? = / dAY . (VY 1) — / WV
JA A J A
= jg dipin.V o — / dAYNV 2.
o A

But the boundary conditions gives

WTM -
é aph.V b = {}{ o E(r — R) — 0

And from wave eqn. V¢ = —(k? — pew? )b = (z/R)*0

So finally .
dA(V:)? = (= / d A2,
L : (R) I
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Computing U

« So we end-up with JDJ Eq. 8.92

L . o [ ,
U = E—El_,-]cjl + dap) [1 + a] / o Avr®
4 Ja

» To perform the integral consider ¢ o f'tlhgf?i‘hﬁf‘ So that
j['jh doy? — w(1 + dgm)JJ? and

R
-?rl'- ¥ . - . .jr'l-
U = =€eLE3(1 + Gom) (1 + dop) [1+ €7 [ drrJ, (1)
4 Jo R

 To continue we now need to specialize to either TM or TE modes...
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U for TM mode

« The integral is straightforward
R
drr J:i Rz len -rnm.‘-I
/D ( R) +1%

ol i
the identity [ dzxJ2(ox) = $J2,, if J, (o) = 0 was used

* And finally the stored energy associated to the TM mode is

T M 1 R = N 2 2
U mnp t‘r ¢ F;n '-.l + Oom | '-.l + '-"’Il_r,- / [l - ‘i ] J_r;-;.|_[ V-Lmn -
wherein V = 7 R?L
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U for TE mode

» Consider the identity
I3 dppd2(p) = 322 [JA(x) + JA_1(2)] — madp(2) Jm_1(z)
« Applied to our radial integral this gives
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U for TE mode

« So finally the store energy associated to TE mode is (dop =0 (p # 0))

2

! mi=mn/t

I

1., o, . m°
{"::j:;-;rs-lrn — :1"" r[_: 'J- + ft’n_r;-; | [J_ o (—)

[l + f;r‘z} J2 (2l ).

dop = 0 (p # 0) for TE-modes,
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Dissipated Power

» Let’'s define the dissipated power per surface area

Field component ||
to cavity walls

dP 1 R H
dA 2 ?-’,u Z
[ Swle

Shunt
impedance end plates

e For a pillbox cavity
R 2 2
P = dABT + 2 dAB7T .
E'IU;E J side | Jend |
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P for TM mode

» For the sides of the cavity

/ d4B / [ dc)RB (7, ¢,

L . m o R
= 5 (1 + Oop ) (1 + dpm ) pe 55 [1 + £ } [—Jmll;rj — Jmy1(x)
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but J,,,(x) =0 so

/ ﬂ’.leﬁ — —,ueE‘z mLR)(1 4 g,) (1 + dom) [1 + £° ] mH’j*j
side

and again & = I—"Tf%.
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P for TM mode

» For the ends plate
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P for TM mode

e In summary
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« So the total power loss is (with As = 27 RL )
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P for TE mode

 Consider the side wall:
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P for TE mode
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