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Average Power Dissipated in SLED Cavities

In this note, the average power dissipated in the SLED cavities per unit incident
average power and the division of dissipated power between cylinder wall and end plates,
will be derived.

The energy dissipated by cavities during a single pulse, U, is given by
U = f P d(t)dt where P d(t) is the instantaneous dissipated power, and is given

over the pulse

by Pd(t) = Pe(t)/B = Ez(t)/ﬁ. Using the expression for Ee(t) from Ref. 1,* we obtain
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where B is the coupling coefficient, 7 is time normalized to the cavity constant,

T,, T = t/T,, t; is the time when the 180° phase shift is applied, t, is the time
when the pulse ends, P ds is the steady-state dissipated power in the cavity and is
equal to 48/(1 + B)z) n=2— e‘Tl.

Integrating P d(t) in the three regions A, B, C, we obtain
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*1. "SLED: A Method of Doubling SLAC's Energy," Z.D. Farkas etal.,
SLAC-PUB-1453.



-2

The total energy dissipated per pulse, U = UA) + U(B) + U(C), can be, written

asU="P dsTcF , Since P dsTc can be factored out from the expression for U. For a

given network, F is a function of tl and t2 . The average power dissipated is

P =rU=rP dsTcF , Where r is the pulse repetition rate. A peak incident power

dav
of unity was assumed and therefore the above expression for average power has to
be multiplied by the actual peak incident power.

1
The average dissipated power normalized to the average incident power, P dav

is given by

1
Paay = PaToF/ty = Py F/m
If there were no transients, then F/'r2 , Which is a time factor that accounts
for the condition that the cavities are generally not completely filled during the pulse,

!

would equal unity, and P dav would equal P ds *

If the 180° phase shift is not actuated then we have only two regions, A and C.

The above expressions for U(A) and U(C) hold if we substitute Tq for Thus, with

Ty
no 180° phase shift, the expressions for the dissipated energy are

T

~T,
2 2_3/2)

UA) = Py T (1,-2€ “-1/2 €
U(C) = Py T (0 - 1)2/2

For 30 MW incident power, 5 usec pulse, 180 pulses per second the average
incident power is 27 KW. The normalized dissipated power can be obtained by
measuring the difference in db of the average power output of the SLED network with
the cavities tuned and then with the cavities detuned.

The division of dissipated power between end plates and the cylinder wall of a

TE oln cavity is obtained as follows. The power in one end plate, Pe is proportional

to the integral over its surface of the square of the magnetic field on its surface, and
similarly the power dissipated on the cylinder wall, Pw , is proportional to the
integral over its surface of the square of the magnetic field at its surface. The

magnetic fields at either end plate, (z=0, or z=1L), H and at the cylindrical
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surface (r = a), Hza are given respectively by

H., = (n7T/21'01)(D/L)J1 (rolr/a); H, = Jo(rol)sin(mrz/L)

a
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Thus, Pe ~ (mr/2r°1)2(D/L)2/ 27r4J12 (rolr/a)dr; Pe~ (nﬂ/2r01)2(D/L)2(D /8)J2(r01)
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Thus,
Pe/Pw =k = (n27T2/8r012)(D/L)3 [Jzz(ro1)/J20 (rol)-J = (n21r2/8r?'(') 1)(D/L)3
since Jﬁ(rol) =Ji(rol) .
If the total power dissipated in the two cavities is P d° then P q° 2(2Pe + Pw)

and Pe = Pd/2 (2 + 1/k), PW = Pd/2(2k +1). For the SLED cavities n=5, D/L = .48,
hence Pe = Pd/8.2, PW = Pd/3.92 .

The table below lists the normalized and actual average power dissipated in the

SLED cavities for several combinations of t; andt, .

TABLE 1.
1

ty ty Pdav Actual Power Actual Power Actual Power

KW in one end plate in one cylinder
usec usec KW KW
4.2 5 .24 6.5 .79 1.66
5 5 .37 10.0 1.22 2.55
1.7 2.5 .08 2.2 .27 .56
2.5 2.5 .26 6.9 .84 1.76
3 4 .16 4.3 .52 1.10
4 4 .33 9.0 .49 2.3
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Note : tl = t2 implies no 180° phase shift.



