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Design and construction of alternating gradient magnetometer for magnetic properties
characterization of nanomaterials
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ABSTRACT

In this work, an alternating gradient magnetometer (AGM) for measuring
magnetization of small or weak ferromagnetic samples was design and constructed. The
electromagnet of Lake Shore Cryotronics Inc. model EM4-HVA having capacity to generate
2 T of DC magnetic field was used. The gradient magnetic field was produced by a pair of
coils 23 mm in radius reversely wound 644 turns with 42 SWG Cu wire having diameter of
0.102 mm. The coils were capable to generate an AC gradient field of 150 Oe.cm™. A log-in
amplifier was used to supply electric current at the resonance frequency through the amplifier
to the coils. The vibration detection system consisted of a glass rod 0.7 mm in diameter and
60 mm in length fixed to the PZT with epoxy glue. The PZT was attached to the 13 mm
diameter aluminum rod which was then fasten to a mechanical arm by a set of screws. The
vibration detection system could be adjusted in the xyz direction to position the sample in
magnetic fields. To operate the AGM, the sample was attached to the tip of the glass rod
using vacuum grease and then positioned at the center of the coils with aids of the mechanical
arm. The operation was controlled by the VEE OneLab software by which the resonance
frequency of the vibrating system was firstly scanned. The magnetization of the sample was
then measured and the outputs were presented in forms of hysteresis curves as well as digital
file in Excel format. The sensitivity constant of the AGM was measured with the yttrium iron
garnet (Y1G) sphere of NIST model SRM 2853; 1 mm in diameter, 2.812 g of mass, and
27.6 emu.g™ of magnetic moment. The sensitivity was found to be 0.7367 VV.emu™.Oe™ under
the external magnetic field of 5 kOe. The efficiency of the system was estimated by using the
standard nickel sphere 1 mm in diameter of Lake Shore Cryotronics Inc. model 651-465. The
uncertainty of 0.06247%, the repeatability of 0.001082 emu equivalent to 0.43% of average
magnetization at 5 kOe of external magnetic field, and the linearity of 0.47% were assessed.
According to the results, the AGM being constructed could be used as a prototype for further
development to the scale suitable for research and service in the future.
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