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Abstract:
Being able to accurately measure magnetic field harmonics with a stationary probe can be advantageous. The 
typical mechanics required to rotate the probe and maintain alignment are obviated, as even could be the anti-
cryostat for a superconducting magnet test, for example.  This talk describes work towards one such device which 
uses a piezo sensor to detect torque caused by AC power applied in turn to vertices around the perimeter of a 
cylindrical coil. The voltage measured from the sensor is proportional to the force at a given vertex, and thus to 
the field, allowing determination of field harmonics from the ensemble. A proof of concept coil is described and a 
first look at data acquired is presented



Torsionally oscillating piezo probe for magnetic 
measurements

• Original idea from Maxim

• Torsional piezo-transducer attached to cylindrical 
probe form

• Wires on probe cylinder excited with AC current at 
piezo resonance

• Get piezo torque response as a function of angle 
 sensitive to all harmonics

• Use piezo transducer amplitude at resonance vs 
angle to determine main field and harmonic 
content

• Eventually would calibrate against known coil

From IDSM 2023



Concept probe
Fixed shaft

Bearing

Rotational assembly with
PCB multi-turn loops (excited with AC 
current source, in turn, individually)

Torsionally 
sensitive 
piezoelectric 
transducer



Fixed G10 end 
plug with shaft

Bearing block 
which is free to 
rotate on the 
shaft

Permanent magnet dipole 
made with 3D printed form 
and NdFeB magnets

Flexible 
piezoelectric 
ribbon

Wire spool (~200 
turns) attached 
to bearing block

Try to demonstrate 
proof of principle



Data 
acquisition unit

Frequency 
generator for 
drive signal to 
power wire 
spool.
AC current 
~0.1A

Wire spool 
connected to 
bearing block. 
Wire diameter 
~0.14 mm



No excitation on spool

60 Hz, AC line cycle



No excitation on spool60Hz

Few 1e-7 V 
noise floor



Maximum signal 
obtained at ~583 Hz 
excitation (seems like 
a resonant frequency)



Signal ~1e4 
above 
background



At fixed frequency, tried to 
vary amplitude of current.
Results were roughly linear, 
but not great. 

FFT 
amplitude
(Volts)

AC power supply excitation voltage



Comments:

Perhaps some potential here – signal to noise is large even though fields here are still pretty small (magnet few 
hundred Gauss, excited coil ~10 Gauss). However, need to establish linear response with field amplitude.

Have to optimize orientation of piezoelectric sensor (e.g. vertical with spring-tensioned contact edge)

Need to repeat this with better control of mechanical influences (e.g. so that connection to ribbon does not 
change (distance, connection slippage, etc.), magnet position wrt spool, etc. 

Eventually, bearing friction might add ‘noise’ offset (stick/slip type effects) that could limit sensitivity to low 
fields – perhaps can minimize with better bearings, etc.

Will be sensitive to positioning of PCB ‘coils’  - this will require calibration 

Next steps:

Mount magnet on an indexing head – rotate the magnet around the coil/transducer setup to have a look 
at full rotation harmonics data.

Design/procure PCB ‘coils’ 

Switching hardware to power PCBs in turn and record transducer response
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