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FIl uxmet er s, not a novel t e

Weber and Gauss were using induction
sensors to study the Earth magnetic
field already in ~1850.
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They not only invented the magnetic
measurements, but they also introduced
the absolute system of units.

A The Sl unit for the magnetic flux is
the weber

| | |
[
Start » Stadtfuhrungen » Von Gauf bis Measurement-Valley .

A The CGS unit for the magnetic flux
STADTFUHRUNG: o density is the gauss
VON GAUSS BIS MEA-
SUREMENT-VALLEY fin 1839, Gauss pioneered the use of
_ spherical harmonic analysis to provide a
AEarth induct o r'%dvei?\t/'\?e%‘erﬂto fhestatye of - seful quantitative description of the
University of Gottingen eber and Gauss, magnetic field.o

Gottingen tourism office
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Wwhy flux-metric methods?

-
m
&
.}

Flux metric methods cover the
requirements of accelerator
magnets both in terms of
accuracy and field levels.
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Relative uncertainty [-]

Other complementary
methods are:

- NMR for absolute
calibration in dipolar field

1.E04

1.E03

- Hall probes for detailed
mapping

v Many other methods can be
used for measuring fields but
oot are not relevant for
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Basics of flux-metric methods

Magnetic flux J =PBdS
S
Induction law V =- di
dt

Need of an integrator and a flux change é

€ and a coi lknowngeometry wi t h
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Digital integrator

4 trigger pulses
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FIG. 2. Integration algorithm: Vi (A) are computed by means of a linear
interpolation between the previous S;_; and the next S; ADC sample (H).7,
and 7y, are known by the on board UTC.

AiPerformance of a f a-8etdmdgnajid t
measurements for parti dristaum.a c
2012; 83 (2): 024702. https://doi.org/10.1063/1.3673000

Integration is affected by drift:

A find a way to estimate and
correct the drift

A reduce as much as possible
the noise at very low
frequencies
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Search colls

A Are simple, passive, linear, drift-free devices.
A Require change of flux:

A ramp field with static coil;

A move coil in a static field;

A ramp or displacement must be accurate.

A Measure flux, not field.

A Must be well-built and calibrated (known
geometry).
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The biggest and the smallest coll

3. Application

A set of three sensor coils of 2-mm diameter each,
consisting of 80 windings, was attached to the thorax of
a blowfly. The leads were led to the abdomen, and, via
a free stretch of approximately 80 cm, to the bottom of
the cage, and finally to the lock-in amplifiers. Total
weight of coils and leads (approximately 7 mg) was much
smaller than the weight of a blowfly (typically 80 mg).

Power plant GIC ?/‘ng '
i
Sources: GAO (presentation); Art Explosion (imagj 8 “'\\
i Ge o ma g ndestu \ ,
weather, pose a risk : Y
is not clear how sev The Karate Kid (1984) \Esog_,_,

can cause geomagng ~ . 5em
electric transmissiolM Man who catch fly with chopstick, acco

disruption or damage Example of a flight

ath, recorded from the thorax of a flying blowfly. The three-dimen-

T Sional path (in this case almost confined to a horizontal plane) was
m projected on a horizontal plane. Dots show positions at consecutive
i *  ms (starting at ms 0, ending at ms 1000), the arrows the orientation

of the thorax at 20-ms intervals.

AUsing miniature sensor coils for si
and position of small, fast-mo vi n g a MNeurosailMeth. 83, 125-131.

https://www.gao.gov/assets/gao-19-98.pdf
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Common geometries for colls

CERN Academic Training: April 7-11, 2003 - Animesh Jain, BNL

Point Coil

Insensitive up to
4th order spatial
harmonic with

proper choice of

height and radii.

Flat Coil (Line or Area Coil) Multipole Coil .
T N e fiea|| maiples of @ specified || _ Cradient o
~Tiip Lotl/ioving Totl, STatie Tl b o rmonic (Morgan Coils) Sensitive to field
-Rotating Tangential/Radial gradients
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Colil design _g\\
(U
Ideal rectangular coll \——
A 4 geometrical parameters: N; turns, length 2., width w,, wire diameter @,
0 0 /b

, b U
v Y

5 —g I'I:fl& |*|)— /rb ' beETﬂ'i ’OETL" X(I‘b ) )
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A Capacitance is more difficult to evaluate (can be neglected at low frequency)

A The total A_ determines the peak induced voltage (maximum voltage dictated
by electronics, typically 5 or°10V)

M. Buzio, AfFabrication and calibrat.
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Equivalent circuilt

A A search coil is characterized primarily
by its own resistance and the mutual
inductance corresponding to the linked % |
flux to be measured

A ydB)

20 1
A Coil self-inductance and capacitance 04
become important only at high 7,
frequencies (10~100 kHz or more, to -20 0.01 01 7 1 g
be compared to (LC)12), , . o
Typical frequency characteristic of an induction coil sensor
Magnet Search coil Transmission Line DAQ Front-End
| o Preamplifier/Integrator
Im Lselr ,"’ /’/ Riine ,r'/ /’/ )
== ////,? ;'l//,," p— ,"l//" L”," —_ Vout
Lmutuar Cool g /,/ ) ;‘ Ciine ! /‘ ’/’ Cin
[l / ,"’ ,"’ l =
Il | ’ ’
—_— Ccoil—yoke = =
M. Buzio, AFabrication and calibration of search coilso CAS 2009
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