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Accurate magnet lc F leld measurements are 

required 1n order to sat1sfv the 

ipeciFication5 0 11 undulator performances 

imposed bv Free Electron Laser operation 
Hall probe gaussmeters are current lv used 

for mapping the field of magnetic devices, 
however tile evaluation of field lnteQral5 

and mu1 t ipolar components from numet- lcal 
elaborations Of these data brings to 

cum-llat i..e errors 
Besldes a.11 probe use could be time 

consuming For large devices 
In order to obtain very fast and reliable 

measuremerits of f leld integrals. a rotating 

co11 equipment has been develoced [II 

This equipment has been tested on a hvbr id 

undulator model eight period long 

The model and the relet ive lDCP1 Field 

measurements dre described in a previous 

5aper- 121 

Measurlnq technique 

The technique described here alms ta the 

direct measurement of the InteQrdlS of the 

magnetic field transverse components around 

tl,e undulator aitis 
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where x = v = 0 corresponds 
undulator axis 

to the 

Developing the Field components around the 
ax15 at the secorld order in x and v and 

ConslderlnQ the relations between 
the coef f lclents 1 mposed bv Maxwell 
equal Ions brings to the following 
expressions 
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where D. 0, 5 dr-e the fol lowlng Field 
integrals 

4. = x - Dipole 

OY = v - Dipole 
Ql = Quadrupole 
02 = Skew - Quadrupole 
51 = Sextupole 
‘52 = Skew - Sextupole 

They can be determined by measur 1 ng the 
VOi tdQe induced at the ends of a coi 1 
kept In rotation around axes uerallel to 
the undulator axis 

Y x=0 y=O undulator axis 
x=xr Y=Yr rotation axis 
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Fig. 1. Choice of the coordinate system 



We define thE unit vector- normal to t tie 
coli I! 5 [ - 51” n co5 n 0 1 and set 
a = :-If. where I? angular frequencv of :he 
co11 (Fig l! 
The voltage induced at the coil ends WI th 
the rotation ax15 in x = .,.r, v = vr 15 

V~xr,vr!=al~“r,vrlCOsilit:t~~I~.r,rrls,ll?~!::J+ 

a3Lr,\rlcos’39t ~+b~l>.r,vrl”‘ni3Qt! 

where 
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h 15 the co11 wlatl7 iilg 1 J ai-t.3 ” t I’t 
i!iin,her 01 t Ul’ “5 

QulDment for measurina Field intearals 

A seventy turns coil suoported by a CarSO” 

Fiber structure has been built for applyin~~ 
the oreviously descr lbed meas”t, “9 

t echnlque 
T I1 e wire diameter used for the co1 1 15 

0 1 mm and the turns dinenr,lons are abcu t 

10 5 x 730 mm 
2 

The? carbon fiber structure 1s oneumatlcal~v 
sustaIned and can be put IIT rotation by a 

D.C. motor with a stabxlrty of 10 -3 at the 

Frequency of 5 HZ. 

The rotat ion axxs OF the co11 can be 

displaced using mlcrometrlcal screws. 

This posltloning structure for the co11 ha% 

been dcsign@d in order to reduce the welg!h 

and the rwtatlon induced vlbratlons 

Fig. 2. Hybrid undulator submitted to Field 

integrals measurements WI th the 
rotating coil. 

t-Ie%astire,nents on a hvbrld undulator model 

L4e have used the described equipment For 

meacurlng the field integrals of our e 1 g t 17 
period model of hybrid undulator (Fig. 2) 
Conslaerat 1on5 concernlnq the accuracy in 

the evaluation of 01 and D2 and tnr 
5empl~city in performing measurements have 

lsd us to dlsplacil the rotation ax15 from 

theUndulator axis 1 i%m up and down ln the Y 

cirr:ctlon and to use a1 to. II, bllO.11 

aliO,-11, bl[O.-II 

For the evaluation OF 51 and 52 we have 

found that it is better to use the third 

harmonic coefficients a310.01 I b3L0.01 

rather than Flr%t harmonic coefflclents al. 

bl measured in dxFferent point around the 
axis 

Therefore the Following relations have been 

used 

9, = (l/nfIw) a110.01 

41 = (l/nflw) bl IO.01 
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Cl = (1/2nfiw) (allO, - allO,-11) 
nz = (1/2nRrJ) (blLO.-11 - b1[0.111 

C 
-1 = (a/nnw31 h310.01 

c_ 
-3 = -c6./mlw3) a~lo,OI 
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Fig. 3 Integrated dipole as a function of the gap 
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F1g 3 - 5 show the results obtained in 

the qa~ ranqe 24 - 100 mm havlnq flxnd the 
current In the correction coils in order to 

ha.- D, = 0 at the qap 2a mm 

Fp-on tP.ere results it follows that a 9JP 

dependent correction 1s necessary when very 

small resxdual field lnteqrals are JCcepted 

at every qep 

In o-der to meet these reauirements we are 

dev.eloping a control system which allows an 

a~Jt0mJ.t 1c varlatlon of the current In the 

correction coils as a function of the gap 
The values of these currents are determined 

by means of previous measurements of Field 
lnteqrals. 

Th:s automatic control system will equlpe a 
SO period long hybrid undulator under 

construction in ANSACD’J RICERCHE 

Eef er ences 

(11 9.H Welson et al “Magne 1 lc 

meJSUrements for tuning and operat lng 

a hybrid wlqgler” presented at E? t h 
International Conference on Maane t 

Technology, Grenoble, France, 
September 5 - 9, 1983 

I21 c Rcsatelll et al. “Development of a 

Ihybr id Dermanent magnet undulatcr 

protptype for Free Electron Lasers” 
cresented at 11 th FEL Conference. 

Naoles, Florida, pluqus t 2e - 

September 1, 1989. 


