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Summarys

An apparatus is described which reproduces by a stair
case voltage waveform a magnetic field rising between O and
about 120 gauss,. The device is well suited for the measurement
of the istantaneus value of the magnetic field in the gap of
an Electronsynchrotron. It consists of a peaking strip magne-

tiec probe, and an electronic apparatus.

Introduction:

The problem of measuring the istantaneus value of a
magnetic field which is changing in time arises rather fre-
quently in research and in technological work, Many devices
have been developed by different authors, which are well
suited for the particular situations for which they have de-
vised£1) The apparatus described in the present paper has
been developed with the purpose of measuring the rising magng
tic field in the gap of the 1 GeV Frascati Electronsynchrotron
between O and about 120 gauss. The apparatus produces a volta
ge wave formn which accurately reproduces the magnetic field

increasing with rates of rise between .05 gauss/ps and

(1) The paper: J.L.Symonds: Methods of measuring strong magne
tic fields. Rep.Progr.in Phys. 18, 83 (1955) presents a
very usceful swrmary of tho different :tdchnical-approches !
to the.problenmy .dcveloped up -to Shat date.~
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«3 gauss/us, and is well suited, for istance, for controlling
the frequency modulation program of the Radio Frequency acce-
lerating system of the Synchrotron. We think that, with some
modifications, it would be possible with a similar apparatus
to track magnetic fields rising to higer valuesy in that case
the apparatus would be useful for many other applications, e.
g+ the programming of frequency modulation in Proton Synchro-
trons,

The apparatus consists of a 'magnetic probe! and an
'electronic device', which will be described in the following

paragraphg

Magnetic_probeg The magnetic—sensitive probe is a Dbiased

'peaking strip's its pulses are used to drive an electronic
apparatus. As is well knOWnSQ:(B) a 'peaking strip!' is a
length of wire of a magnetic material with high permeability;
in our case it is a wire of 'Ultraperm 10', 20 mm in length,
025 mm in diameter. The static hysteresis loop of such a wire
is very narrow so that only a few hundreths of an oersted are
réquired to reverse the direction of the magnetic polarization
inside the Wiresd) In a coil wound around this wire a voltage
pulse is induced every btime the magnetic polarization of the
wire is quickly reversed. The high permeability magnetic wire
and the pickuﬁ coil togheter are usually called a 'peaking
strip!' (referred to as PS in the following).

In our <case the PS is surrounded by a coil in

which a biasing current can be injected. The voltage pulse

2
(2) J.M.Kelly, Rev.Sci.Instr. 22, 256 (1951)

(3) SeGiordano, G.K.Green, E.J.Rogers, Rev.Sci.Instr. 24,

848 (1953)
(4) Wires of 'ultraperm 10! were furnished by: Vacuumschmelze
Aktiengesellschaft Hanau, Gruener Weg 37 - West Germany.
The wire was contained in a quartz tube as shown in fig.t
and was cemented with araldit to the tube according to
the procedure described bys: CG.Diambrini, N.Cim. 3,336(1956)
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is produced By the PS when the sum of the field 1o be mea-
sured and the field due to the biasing coil, crossesg .the
zero value, reversing the magnetic peolarization of +the
wire. In this way a voltage pulse is produced by the de-
vice, every time the field to be measured by the probe,
roaches the value of the biaging field. In Figs! the
dimensions of the probe are given together with the cha-=

(5)

rac <eristics of the pickup and biasing coils.

Bleoctronic apparatus ¥ The electronic apparatus injects

a current steplghe bianging coil, every time it is trig-
gered by a positive pulse from the PS. If we suppose that
the rest bias current corresponds to a magnetic field-
~HO, the firat pulee is produccdhy the P3 when the measu=
red fleld reaches the wvalue Bo = 4+ Ho' This first pulse
triggers the olectronic device, and a sbtep of current is
injected in the bias coily the biasing field ig thus
raised to the value M, = - (Ho + AH). While the bias
field rises fronm ~'Ho to - H1, the measured field in=-
creases by an amount AB. If AB is less than AH, the
total field at PS8 is reversed and a negative pulse is
generateds Now the PS ig recady to give out a second po-
sitive pulse when the measured field reaches the value
B1 = HT{ This second pulse causes a second step of
current to be injected in the bias coil, and the pro=
cess is repéated (see Pig. 2). In thiz way the bilasing

fiegld is increased by steps, of amplitude A H, each step

,
r tim

-~

being triggered by the PS8 which in iturn fires cover;

(o}

(5} Note that a compensating coil ((5) in fig.l) is
connected in series and in o.pposition to the pickup
coil; this serves fto reduce the voltages induced in
the pilckup coil due to the coupling between pickup
and bilasing coils.,
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the measured field is increased by an amount AB =4AH. The

tstaircase! formed by the successive steps reproduces the

shape of the funcition of time X (t), with an absolute er-

ror of the order of AH,.

The block disgram of the apparatus is shown in

Pig. 3. The PS pulses have an approximate gausgsian shape,

with about 3 ps rise time in a field rising.at a rale
of more than .1 gauss per ps; the amplitude of the“pul-
ges 1s about 35 mV.These pulses are emplified by a con=
ventional fast amplifier, having a gain of 200, and a
rise time of about & ps.

The pulses coming out from the amplifier are
injected in%Sohmitt amplitude discriminator; this se-
lects the positive pulses from the negative ones and
from the background. |

The pulses from the Schmitt clireouit are used
to trigger a multivibrator, which produces standard ne=
gative pulses. The ampiitude of these pulses can be va=
ried between O and 8 Volt, by means of the 10 K poten=
tiomeber in the plate circuit of the second tubey the
duration of these pulses can be adjusted between 2
and 8 pe, by means of the 10 kfl potentiometer in the
grid=cathode circuit.

The negative rectangular pulses from the mul~
tivibrator are injected in fo an electronic integrator
having a bHime constant’t = RC, The integration pf gach

pulse produces a siep of voltage, of amplitude 3
v _

v o= i T at the outputs
Lo

u
' 4
herse Vi is the amplitude of the integrated pulse,while

T ig the duration of the pulse.
The leading edge of the step is a linear ramp
having a2 slope @

P
vi/{'
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Because of the finite gain G of the amplifier in
the integrating circuilt, the steps of voltage at the output
decay exponentially with & time constant & = G¥ . The
gscheme of the appargtus ig given in fig.4. The integrating
time constant is [ = 100 ps, so that by changing the time
duration of the pulses frgﬁ the multivibrator, the voltage
steps can be adjusted between .f4"an@ .56 Volt. The gain
of the integrating amplifier is aboutRG-:.§O g0 that the
decay time constant is about 8 = 5000 ps.

In Pig. 4 the details of the Schmitt discrimi-~
nator, the multivibrator and the integrating circult are
given,

The voltage steps fr&m the integrating circuit
are injccted in a negative feed=~back current amplifier,
shown in Pig. 5. The current in the biasing coil is con=
trolled by thée EL34 power tube.

The current gain of this aﬁplifier may be cal=
culated as followss the negative feed-back tends to can-
cel any voltage differencu betwee the two grids of the

input . differential amplifier (tube ES8CC).

If Vi is the voltage at the input grid, a current is de-
veloped by the power tube so that the voltage fed back
to the second input of the differential amplifier is
Jjust equaa %o‘Vi + The voltage fed bapk is given Dby

iR _Eg_, so that the ocurrent gain is @

R1+R2

j>a]
s B O

The output impedance of the current gnplifier
is & rather imporftant parameter in our circuit for two
reasons. Firsts the bias ceil has an inductance of aboutl

L = 5 mH, and a time constant t+ = l./r where r is the



cutput registance of the current generator feeding the
currenﬁ in the coils in our case it ig necessgary to have
a time constant + < 1 ps, so that an output resistence
r > 5,000 {lig noeded. Second : the changing magnetic
flux through the bias'coil induces variable voltages =2t
the terminals of the coilsj the ocurrent in the coil must
be independent from such voltages; this requirement is
achieved by letting the current source have a very large
output resistance, |

A current fee§~back gmplifier has an output
impadence given bygggﬁ 2 |

- -y
Zfb Z (? )

where o. is the loop gain of the &mplifier‘with the output
(coil) terminals short circuited, and t
4 is the output impedmnce of the power tube.

In our case the loop gain is not less than 1,000, assuming
an 6utput resistance of the triode caonnected EL34 of 2 =
104000 ohm; the output impedance of the current amplifier
is of the order of 10 Megaohms, large enough for our pur-
poses, | H

Performance of the ap paratus.

Tests have been made by putting the prébe at va=
rious digtances in the fringing field of a magneé, excited
by 50 c¢/s AiC. current, The peak value of fhe fieﬁd in the
gap of the magnet was above 1,500 gauss, sd that in the
fringing field, rates of rise of the field the order of o4

gs/s were eagily reached,
With a rate of rise of the field at the probe

site of ,1 gavasfus a field of 90 gauss is reproduced by

(‘6)- Seecs;gy T.SeGray v Applied Electronics - II Ed.1954
Pag. 587 — John Wiley e Sons,Inc,
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29 gteps, with an average value of A H = 3 gauss/stop (see
Fig. 6).

With & rate of rise of .3 gauss/us, a field of
90 gauss is reproduced by 14 steps, with an average valug of
AE = 6,4 gauss/step (see Pig, 7).

The different behaviour of the apperatus at diffe-
rent vaiues of the rate of rige of the measured magnetic
field is justified by the fact that the value of the coerciti-
ve field in the magnetic material used for the peaking sitrip,
increases from the value of about 7 millioersted in the static
case, to a value of 1.2 ocersted for fields rising at a rais of
o1 gauss/ps, and %o a value of 2.2 ocersted for Tfields rising

(1)

In fig. 8 the amplified pulses from the peaking strip,

at a rate of .3 gauss/ps.

together with the corresponding steps of the staircase wave-
form, are shown in an enlarged scalc.

In fig. 9 is shown the staircase waveform reproducing
a fancy magnetic field produced by injecting a pulse of current
in a solenoidal coil. The staircase tracks the current wave-
form, show in the photograph by the solid curve, with an
high degree of accurancy, as is better shown in fig. 10 which

is an enlarged part of fig. Q.-

(1) These valucs have been measured by Dr., G. Diambrini-Palaz-
zi, whom we wish to thank for these data.~
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1 Ultraperm 10 wire, diameter 0,025 mm
length 20 mm contained in a quartz tube
cxte dia. ©,9 mm, int.dia. 0,2 mm
2 Pick up coil =~ 400 turns of enameled
cepper wire of dia. 0,05 mm
3 Plexiglass framse
4 Bias coil, Copper wire 0,2 mm
dia. 750 turns/cm
5 Compensating coil -~ sec n. 2

1 = MAGNETIC PROZE



-

\ g
B ’
;,/f B(t)
i -
/"
’ Measurcd field B(%)
"™ ™ Biasing Field H(t)
Hom T T -
-~ f } aH
i 7 = s Rl
] t ! ;
. ! ; ;44
0 A Tg 1!
-~ Py by 1 !
o by i} T
A T B bt
i : b | : Pulseg from the peaking sirip
i
A
v |

F

~

G

*

’ o~
[

- D
G

.
I
B

AGRAMS SHOWING THE PROCERS OF
NERATICY OF THE STAIRCASE WAVEFORM,



CSONVEYAdY EHL J0 WVEDVIQ X007 - ¢ *HIL

2G> IXLS
DVISHIT L3N F Vs

f
!
'
!
1
1
i
'
1
H

R e

. ¥2/419dwe — 3

WL -1 Nvl..li

e o s e e e e am am e e
.

. , 007 = 9
. /L :
: | * AL 1 Lerwnss J\ 2503

b o e T il v v v dew



% 9/

FOLEF D LN/ XOLYSI AL TN

ACS/ - {

OLENY YIS

LLIH IS

|
;!.‘

2 o0er 3

-

mMme
S >S5 MY, o |
) 1. uﬂ, 00y ,......ém
ﬂx @M 07 § m
uf.fu.«l . ) W N. ﬁw\u
«w o “Lon s
Jﬁ? -
XBD g +docy
) NEL &
ACO§ 4 |

e B3 i

ﬁ!@
-



ST 7L N

LNFXEND - & DL

T

O,

O LSS

O - 4 .4
nesy -
Zar \w: =
O, M
%0 1 .m\nca\nwﬂ o, .

20040 | —_— . cay =l 2
“Cary o= s | L omes  oml BL7
LNz - e b, ewolz yoor | Te o YL ,

-4 > ) M/ xS | {2 Tl
rf:k‘ , .Ml : .9 } E . — Y
. . , “ ~ | nir
ot . . RO 1T~ T
f PNO\.%%%\ q\..,.....\.m. (U ™
o 55 . l . et A gt AANAy
e My, ozt mEy xogz | ooy
@ Mz M} S mr e Mg
> \..0 A > 09 MG HOi
787 S8 age o7 7 ,
. [ BTN ) P s
. s/ FOE 7 ﬂw.\w% ]
My rO0f

AGCEE ¢+

L



o PR D B s o
-y
W et
Y,
s
W
fla

3
TS

ET i |

PIG., 6 {sweep leagth = 1 ms)

Amplified pulses from peaking strip

90 gausg - 29 steps sisircase
aB/it = 0,1 gauss/us

FIG. 7 (sweep length = 0,5 ms)
Amplified pulses from peaking strip

20 gauss - 14 steps staircase
aB/at = 0,3 gsuss/ps

PIG. 8 BEnlarged scale sweep 10 pa/m

stairocase (v.s. 1 Yolt/m #;9 gs/m)
pulses (v.s. 10 Velt/o) |

FIG. 9 Steircase wave form tracking =
magnetic field preduced by
injeoting in a solenocidal coil
a current pulse {solid line)
Vertical scals 24,6 2s/0O
Sweep 1 ms/C

7IG, 10 Some as fig. O in enlarged scale
Verticsl scale 24,6 gs/0
Swesp 200 ps/QO



