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Fluxmeters, not a novel techniqueé

ñEarth inductorò from Weber,

University of Göttingen

Weber and Gauss were using induction 
sensors to study the Earth magnetic 
field already in ~1850.

They not only invented the magnetic 
measurements, but they also introduced 
the absolute system of units.

Å The SI unit for the magnetic flux is 
the weber

Å The CGS unit for the magnetic flux 
density is the gauss

ñIn 1839, Gauss pioneered the use of 
spherical harmonic analysis to provide a 
useful quantitative description of the 
magnetic field.ò
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Advertisement of the statue of 

Weber and Gauss,

Göttingen tourism office
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Flux metric methods cover the 
requirements of accelerator 
magnets both in terms of 
accuracy and field levels.

Other complementary 
methods are:

- NMR for absolute 
calibration in dipolar field

- Hall probes for detailed 
mapping

Many other methods can be 
used for measuring fields but 
are not relevant for 
accelerator magnets.

Why flux-metric methods?
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Magnetic flux

Induction law
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Basics of flux-metric methods
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Need of an integrator and a flux change é

é and a coil sensor with known geometry
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Digital integrator
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-Vmaxé+Vmax

0é2N bit

Instrumentation amplifier Voltage reference

Analog to Digital Converter Crystal oscillator (time reference)

Digital Signal Processor

ñPerformance of a fast digital integrator in on-field magnetic 

measurements for particle accelerators.ò Rev. Sci. Instrum. 

2012; 83 (2): 024702. https://doi.org/10.1063/1.3673000

Integration is affected by drift:

Å find a way to estimate and 
correct the drift

Å reduce as much as possible 
the noise at very low 
frequencies
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Search coils
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ÅAre simple, passive, linear, drift-free devices.

ÅRequire change of flux:

Åramp field with static coil;

Åmove coil in a static field;

Åramp or displacement must be accurate.

ÅMeasure flux, not field.

ÅMust be well-built and calibrated (known 

geometry).
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ñGeomagneticdisturbances (GMD), a result of space

weather, pose a risk to the U.S. electric grid, although it

is not clear how severe a risk. When GMDs occur, they

can cause geomagnetically induced current (GIC) in the

electric transmission grid, which can cause service

disruption or damage under some circumstancesò

https://www.gao.gov/assets/gao-19-98.pdf

The biggest and the smallest coil
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ñUsing miniature sensor coils for simultaneous measurement of orientation 

and position of small, fast-moving animalsò, Neurosci. Meth. 83, 125-131.

The Karate Kid (1984)

ñMan who catch fly with chopstick, accomplish anything.ò



Common geometries for coils
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Gradient Coil 
Sensitive to field 

gradients



Ideal rectangular coil

Å4 geometrical parameters: NT turns, length ?C, width wC, wire diameter ØW

ÅCapacitance is more difficult to evaluate (can be neglected at low frequency)

ÅThe total Ac determines the peak induced voltage (maximum voltage dictated 

by electronics, typically  °5 or °10 V)  
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Coil design
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M. Buzio, ñFabrication and calibration of search coilsò CAS 2009



DAQ Front-End

Preamplifier/Integrator

Search coilMagnet

Lself Rcoil

Lmutual

Rin

Cin

Vout

IM RM

LM

Ccoil-yoke

Ccoil Cline

Rline

Transmission Line

Å A search coil is characterized primarily 

by its own resistance and the mutual 

inductance  corresponding to the linked 

flux to be measured

Å Coil self-inductance and capacitance 

become important only at high 

frequencies (10~100 kHz or more, to 

be compared to (LC)-1/2). 

Equivalent circuit

1225/11/2023 L. Fiscarelli - CAS 2023

M. Buzio, ñFabrication and calibration of search coilsò CAS 2009


