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Abstract,

In this work description of the construction and main
Principles of the work of the messurer of magnetlc field 1s
presented. Hethod of measurement 1ls based on the spectrum
analysise of the signal from rotation inductlion coils.

Heasurer ag sensltivity for the field harmonlcs on the

Tevel--of -4 18 from the main harmonle about 5 kGs¢m on the
radius = 0.8 ¢cm.

The measurer wWas used for testing of thea ealements of
nagnetlt structore of the FFTB Project (SLAC, USA).

1. Introduction.

The Final Focus Test Beam project [1] will be able te provide
the beam of 50 GeV electrons wilth extremely small vertical size
2 0.06 micrometer. So, in quadrupole lenses of the FFTBE maximum
ﬂon*principle_lfield at 70%¥ of full aperture of 23 mm deces neot
achieves 5 10 from the field of the main harmonic about 5 kG/cm.

As participants of this project, INP in Novosibirsk and its
Branch in Protvino are obliged to fabricate all elements of the
magnet system of FFTB. It inecludes 30 quadrupoles with aperture 23
mm, 4 35-mm-aperture and & 54-mm-aperture guadrupocles, 18 dipoles
and 5 sextupoles. This lead us the necessity to develop the
technology of the magnetlc measurements with necessary accuracy.

In this work description of the stend for magnetic measure-
ments 1s presented which allows to get information about space-
distribution of. the field of any harmonic until 14 pole.

Stend is equipped by two power suppllies (16 kW each). Opera-
tions of measurement process are full-arcomatically.

2. General arrangement of the stend.

The stend consists of 3 parts: owWwn measurer, system which
provide it movement along measuring element, and electronic equip-
ment  fig.1l. ;

Block of lnduction coils was used as the sensor of the magne-
tic field (fig.2). Each coll was wounded by the wire of 30 mknm
diameter wire, has BOOO turns and placed radially to the axis of
transducer’s rotation.



Sensor is rotatimg by synchro-moter whose frequency is
determined by the quartz-generator turning to the 46 Hz. By appli-
cation of the rubber strap and flywheel this freqguency 1is
decreased until B Hz.

Sensor and so called encoder are established at the sane
axie. Encoder is the special block which serve for producing 32
reper points "measurement’. In each of these points reading-out of
the coil's signal is executed. Alsc encoder carry out the phasing
of measurements with help of one impulse “etart’.

Measurer by means of linear support bearings is westabllshed
at the ball bushing shaft and is able to move along the axlis of
the measuring magnet with help of step-motor and screw shaft.
Screw shaft, ball bushing shaft and linear support bearings are
extremely precision that provides accuracy of movement on the
level of 50 mkm.

All of control-measurement and monitor devices are fulfilled
in CAMAC standard. They consist of digital 15-bit voltmeter with
256 words-memory for the reading-out of the main signal frem the
sensor, digital 24-bit voltmeter for the control of the excitatlien
current, unit for the step-motor operation, special unit for the
operation of the measurement process, power supply for synchro-
motor, 8-channel transcoder to operate of power supplies. By means
of Camac-controller and serial interface all of devices are con-
nected to the personal computer IBM PC AT-286. :

Moreover, stend is equipped by two power supplies [ 16 ‘kw
each). Operation of them is independent and full-automatic. Pul-
sates suppression blgfk provides stability eof excitation current
on the level of 5 10

3. Method of measurement.

Method of measurements of the stationarity fleld is based on
the spectrum analysis of the signal from rotation inductlon colls.
On fig.3 you can see the time-dliagram of the measurement process.

Measurement cycle starts when the special unit gets  impulse
"start". From this moment for each of 32 impulses “measurement”
gpecial unit gives permission for ADC t6 read signal from the sys-
tem of induction coils. ADC is 15-bit digital voltmeter, which is
able to remember 256 values of measuring signal with interval not
less than 100 mks.

Therefore, during the 8 periods of the measurement cycle we
get 256 values of the signal. They determine configuration of the
magnetic field, where induction colls are rotated. With help of
Fourier transform we can to get information about spectrum rgtruc-
ture of this field i.e. to determine the amplitude and phase aof
the first harmonic (dipole), 2-nd (quadrupole], third (sextupole)
and so on. :

We must to underline that from this harmonics only each 8-th
is physical, and others characterize noise. This connected with
Fourler transform on 8 perlods of colls rotations.

After this analysls all system by means of step motor and
ccrew shaft is moved along the axis of measuring magnet on the de-
finite distance and process 1is repeated.

In each point result of measurement is gutput as the table of
amplitudes and phases of harmonics.

If +e have such information, we can to plot s-axis-distribu-

=

tion ?f any field's harmonic. However, this distribution
the right interpretation with taken into account of the

length of the coll and specific field at the
element.

demand
definite
border of the

4. Signal from coils
(s-axis distribution).

As It can pointed out [3], the volta f
can be represented ge from the 1-turn coil

Uls,t)= E UmES.t}=—2ﬂ Z rE sin{man cos[qu{t]dt][G -
m=1 m=1 it

(B2} ot Gm~1
idm (m+1) 2 e
45

where - i half-angular size of the coil

s+ A
1
Gm_1{5] =E I Gm_1{§} dc

Let's introduce si ifi b =
gnification U_ LIm cos(m|w(t)dt):
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where K =-2A r” sin(myx ), L = _im+2). 2 = (m+4)r®
m Q (] dm (+1) rD’ an 3%m (msilims2) " -

Coefficients Km are finded from the coil’'s

field with definite spectrum structure.

calibration at

5 As stated above, coil gets us average value of G and
2k i
d Gm_ifds ik o= 1,2,...) along the coil.
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y tranaforming from the Qm_1{C} to it Fourier-image Q {p) have:
i m-1 : :

s 1 o T R
U (s)=k_ iﬁTEIm =% sin(Zp) Q _,(p) ap ;

By comparing of this expression with the Fourier transform of the



function U {S]=l*WJU {pl epsdp , we have finally
m 2L m F
A 1 1
G . (p)= =P U (p)
m-1 2K R 1 s) & 2 4 m
m EIH[E—] 1 Lm1p +Lm2p

Analogous results can be get for the coil with definit size
by integratlon of these expresions for diferent r and A.

All of these procedures are realized by means of program and
may be taken 1inte account wunder c¢onsider of the measurement
results. At the fig.4 s-distribution of the gradient of field -~ oL
the standard quadrupole lens without consideration of derivation
(curve 1) and with consideration of d°°G lfdsak (curve 2).

dgksm

of magnet.

At this figure you can see, that consideration of 'derivation
lfds leads to filleting of this distribution at the border

However, even derlvations we must to take into account once
more during the restarting of picture of the field under definite
values of multipole on the axis.

For the fleld of dipole [3]:

i 1_l+ 7] g
Er[x,y.sl- 2(s g'B'(s))-xy +

B?Ex,?,s]=E + (S - %-E“{si}-xz s ng“{s}}'FE i

So, measurement of the ldeal dipole must to shoew the presence of
the sextupole component of the field at it border : S(s) = %'B"{S]

All of these reasoning are well 1illustrated by rresulity’ “af
measurements, Fig.5 shows s-distribution of measured sextupole
component of the field at the border of the dipole magnet (line
11, %-B“[s] (line 2) .and their sum, i.e. result sextupoele ' far
decomposition of the field by means of degrees of x with ¥y=0 (llne
3). You can see,that result sextupole practically equal to zero,
how probably at the sufficlently "flat" dipole magnet.

Analogously can be proved that measurement of the ideal

guadrupole must to show.the presence of the octupole component of

the fleld at it border : 0Oz}

o GII{S]

1l

’H
1
)]

and dodecapole : D(s)

5. Kesults of measurements.

In conclusion we would like to present some typical results
of measurement, which was made at this stend. First of all, this
is s-distribution- of any fleld-harmonic till to ld-pole. During
the output phase of the harmonic is taken into account and each
proectlon of it are plotted separatély. That gives us the infor-
mation about the 'space-position of this harmonic. The origin of
excesses at the fringe of the element was discussed. in the “Torth
part of this wark.

If we have information about spectrum structure of the field

of the meﬁsuring magnet, we can to plot the de;endepcglﬂf integral
of any harmonic verse transverse radlus (fig.6). Flet shows, that
till rz 0.4 cm integral decreases linearly, how should be in the

field of the quadrupole with sextupole component, and than it de-
creases stronger by result of influence of higher harmoniecs. Under
r 0.8 cm (70% of aperture) difference achieves relative value of
2.41 107
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