
The objective of this experiment was to determine the smount of Eddy 

current losses that would occur when metal was placed in the gap of the model 

pu'lsed mgnet. The model magnet pul.ser was used to l?lp3 these tests, 

The dissipated power in the metal plate was masunzd %WO different 

ways: 

(a) Measti~ directly the Increased power supp%ied by the 

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

culating fromthfs the dissipated power, 

(a) $n thZs test the power put into the magnet was measured by re- 

cording the voltage and current sxapplfed by the power supply, A piece of' stain- 

less steel (Inconel) e&5” x 2.5”’ x 10" was then placed in the air gap of the 

pulsed magnet and the power supply adjusted to bring the peak magnetic field back 

to the same value as before, The power from the power supply was measured again, 

The difference in the measured power w&s assumed to be the power dissipated in 

the steel plate, (Th e result of the measurement is plotted in Fig, 1). 

(b) In this test, In order to record the temperature rise 9r, the metal 

slab, twa holes were drilled in the plate from the sides, and thermocoupJles were 

glued in place to give good thermal. contact with the p&&e. %'%I plL.ate was then 

wrapped in ?l?@ersfi)' thermal insulation material to get guod insulatfon in the 

relatively narrow air gap. The thermocouples were hooked up to a millivolt 
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recorder for re@steti~ the ti%qerature rites, Hce water was used on the cold 

junction of the themcoup1ea to recora 0 zI.lil22v01ts ui CP c. To det@* the 

energy absorbed in the @ate, pulses with the same ~oktage and repetition rate 

were maintained until the temperature 9x1 the plate reachgd a steady state, The 

pulser wea then turned aff, and the immedJLate rate of cooling was found, This 

rate of coolkng 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 emblent temperature) 

the Initial. heat rate was also fcrundS No heat la& ts: the suxrounding was then 

assumed r, he two ways to find the energ~~ rate created'by the eddy currents gave 

very much the s8me result. (The data for different rewtltion rates and energy 

pulses are shown fn Fig, 1). 

TO estmte the eddy current loss in the metal plate, one might calculate 

the Joule heat which is generated by the changing flux in the pslate, 

The induced voltage can be expressed as 

where A is the "average area" of the plate, A B is the f$eld change during 

the pulse, axed LI t Ss the tise time of the pUaseO The pow~ loss can then be 

expressed as 

and the energy loss per pulse ia 
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at a peak field B = .I& Weber/m2, 1 KV capac%tor voltage tith a pulse 

Length of T = 5 x 10"" sec. Ihe theoretic+ energy loss per pulse is 

plotted An Fig, 1, where one point (1KV) is matched with the expetimantal 

valu?z?. The d2PfeBnce between the calculated and measured values can be ex.- 

plained by the inaecuraeZes in the measurezwnt and the calculation. For ex.. 

ample, the res9stance change tith the rising temperature is not accounted for, 

The important conclusfon is that the energy loss per pulse 9s proportional wZth 

A2 B", Therefore, in the actual pulse magnet* this loss can be as high as 25s 

of the total poww (Len 40 KW). The cooling of such a metal. tube would be a 

ser-ious problem too. The simplest solution of this problem is to b6il.d the 
I 

j beam p%pe in the pulse magnet from insulating mater3als such as ceramic, epoxy 

or glass* However, to choose such a mater%& fcx the beam pipe one should 

worry about radiation damage which could be quite serious even in the case of 
, 

normaloperk3tion. The most intense radiation field in this pipe comes from the 

synchrotzwn radiation of the deflected electron beam. 

Synchrotron radiation in the pulsed magnet, 

The energ;y loss per turn for an eLectron moving in a circle of radius 
+6-i+ 

R under the influence of a magnetic fteld B can be expressed as 

* J, L, Cole, B, Hedin, J. Jo Mway - ~~~-63-3 
*++ J, Bchtinger Phys, Rev, 75, 19J.2 09491 
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lutlon Pn uni-ka in 1 kev. 

nor =6’ aefleetion in the p&bed magnet, R 2s 4$3 meters. FOX 

2fZj EeV elecztrons the radiation loss watid be 

To calculate the average n&r of radfatcd photons, one should calxulate the 

average qmntm energy which i.e given by 

Then the xxm&es o>p eqtiTPal.ent guan'l;m per eLx";r~n per deflteetSon is 



Then the totah xm&er of photons rad%ated per second is the order of magnitude 

of I.,63 x lC+" when the nmber of electmns Is - UP per secxx-d This 

relatively low emergy photon flux might liberate electmns from the &m&es 

wall with a cpintm eff2ciency Qf ;tO-' - 10w6. ThC3 low energy electron 

flux might cause breakdown effects in the chamber when a surface charge sheet 

developed Y 

%f one adds to 

flux frcm the coll~tsr 

this photon flux the scattered electron and photon 

(which is xu2k.rmwn now) then one can see that the epoxy, 

plastics, and glass are tied out as paasible materials fw the beam ppipe An 

t3ae beam switcMng magnets The o.nl.y candS&te whLch remains is SOEE lrind of 

temic which has a ILow secondary electron ex~~&ssrlon coeffic9mC,. 


