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EDDY CURRENT LOSSES AND SYNCRCTRON RADIATION
IN THE PULSE MAGNET'S BEAM PIPE
By

J. L. Cole, J. J. Muray, P. Thingst=1.

The objective of this experiment was to determine the amount of Eddy
current losses that would occur wheﬁ metal was placed in the gap of the model
pulsed magnet. The model megnet pulser was used to yun these tests.

| The dissipated power in the metal plate was measured two different
weys:

(a) Measuring directly the increased power supplied by tue

pover supply.

(b) Measuring the temperature rise in the metal plate and cal-

culating from this the dissipated power.

(2) 1In this test the power put into the magnet was measured by re-
cording the voltage and current supplied by the pbwer supply. A plece of stain-
less steel (Inconel) .065" x 2.5" x 10" was then placed in the air gép of the
pulsed magnet and the power supply adjusted to bring the peak magnetic field back
tc the same value as before. The power from the pover supply was measured again.
The difference in the measured power was assumed to be the power dissipated in
the steel plate. (The result of the measurement is plotted in Fig. 1).

{(b) 1In this test, in order to record the temperature rise In the metal
slab, two holes were drilled in the plate from the sides, and therrocouples were
glued in place to give good thermal contact with the plate. The plate was then
wrapped in "Tipersul” thermal insulation meterial to get good insulation in the

relatively narrow air gap. The thermocouples were hooked up to a millivolt
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recorder for reglstering the temperature rise. Ice water was used on the gold
Junction of the thermocouples to recor& 0 millivolts at 0° €. To determine the
energy absorbed in the plate, pulses with the same voltage and repetition rate
were maintained untill the temperature in the plaste reached & steady state. The
pulser was then turned off, and the immediate rate of cooling was found. 7This
rate of cocling must be the same as the rate of energy being created in the plate
due to eddy currents. When the plate was cold {close to smbient temperature)
the initial heat rate was also found. No heat leak to the surrounding was then
assumed. The two ways to find the energy rate created by the eddy currents gave
very much the same result. (The data for different repetition rates and energy
pulses are shown in Fig. 1).

To estimate the eddy current loss in the metal plate, one might calculate
the Joule heat which is generated by the changing flux in the plate,

The induced voltage can be expressed as

_ ,8B _ ,AB
V = Agg ~ Ax%

where A 1is the "average area" of the plate, A B 1is the field change during
the pulse, and At is the rise time of the pulse. The power loss can then be

expressed as

P:s-Yf-:-Aa-ﬂa
R R (A%

and the energy loss per pulse isg
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Energy 1088 _ pqp A2
pulse - i

o]

ABY2 . _ Joules
Z"E’ T~ 1.8 Per puise

at & peak field B = .1k Weber/ma, 1 KV ecspacitor voltage with a pulse
length of T = 5 x 107* sec. The theoretical energy loss per pulse is
plotted in Fig. 1, where one point (1 KV) dis matched with the experimental
value. The difference between the calculated and measured values cen be ex-
plained by the inaccuracies in the measurement and the calculstion. For ex-
ample, the resistance change with the rising temperature is not asccounted for.
The important conclusion is that the energy loss per pulse is proportional with
A? B2, Therefore, in the actual pulse magne‘i:* this loss can be as high as 25%
of the total éower (1.e. 4O KW). The cooling of such a metal tube would be a
serious problem too. ‘The simplest solution of this problem is to build the
beem pipe in the pulse magnet from insulating materials such as ceramic, epoxy
or glass. However, to choose such a material for the beam pipe one should
worry @bout radiation deamsge which could be gquite serious even in the case of
normal operation. The most intense radiatién field in this pipe comes 'from the

synchrotron radiation of the deflected electron beam.

Synchrotron radiation in the pulsed msgnet.

The energy loss per turn for an electron moving in a circle of radius

R wunder the influence of a megnetic field B can be expressec‘l** as

4 oy e?

"8E _ "3“) §“)

B 4
me2

* J. L. Cole, B. Hedin, J. J. Muray - TN-63-3
*% J, Schwinger Phys. Rev. 75, 1912 (19L9)
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88.5 (Eﬁev)‘*‘

or 8 Ekev = R

met

2 i i £ 1 Pey i 3
where EBeV is the electron energy in wnits © Be¥, ngt is the radius
of the electrcn orbit in meters, and & Ek@v is the energy radiated per revo-
lution in units in 1 kev.

Por .60 deflection in the pulsed magnet, R is 478 meters. For

25 ReV electrons the radiation loss would be

4
Syey = 85 B)° . 7.2 wx 10°% KeV

78 per turn

However, the actual length of electron trajectory is only L.67 % 1077 times

2 # R. Therefore, the radiation lcss per deflection per electron is

5 B

eV ~ -3 -y KEY
— BV \ 1 = 120 em—mtt s
Per turn 1.67 x 10 20 gopTestTon

To calculate the aversge number of radiated photons, one should calculate the

average quantum energy which ils glven by
refE Y}~ ‘
. = %%W) = ToH X W0%eV

Then the number of equivalent gquantum per electron per deflection is

¥ = Number of equivalent gquantum - 120 e 1 %3 Photon

€ DEFLECTION ELECTRON 73.5 electron deflection
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Then the total nwiber of photons radiated per second is the order of magnitude
of 1.63 x 10 when the number of electrons is_ 10** per second. This
relatively low energy photon flux might liberate electrons from the chamber
wall with a guantu efficiency of 107° . 10™®. fThis low energy electron
Plux might cause breskdown effects in the chamber when a surface charge sheet
developed.

If one adds to this photon flux the scatiered eleectron and photon
flux from the collimator‘(which is unknown now) then one can see that the epoxy,
plzgtics, and glass are ruled out as possible materials for the beam pipe in
the beam switching magnet. The only candidate which remeins is some kind of

cevamic which has a low secondsry electron emmission coefficient.



