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Design and Construction of Alternating Gradient Force Magnetometer
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ABSTRACT

In this paper we present the development of an alternating gradient force magnetometer for
characterize properties of low magnetic moment materials. The alternating gradient field was
generated by a pair of similar coils connected in series and opposite direction. The gradient coils
were powered by an audio frequency amplifier, fed from the internal sine wave output of a lock-in
amplifier. The coils were attached, and centered on the pole caps of the electromagnet.The vibration
monitoring system consisted of a glass rod 1 mm in diameter, 70 mm in length was attached to a
piezoelectric bimorph.The samples under test were mounted onto the end of glass rod and installed
within the center of gradient coils.The induced voltage, in principle, is directly proportional to
magnetic moment of the material was measured by a lock-in amplifier.The sensitivity constant of the

developed system was determined by using anyttrium iron garnet (YIG) sphere, SRM 2853 (1 mm
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diameter, 2.812 mg). Performance of the fabricated system was tested by measuring magnetic
properties of a nickel sphere, LakeShore 651-465 (1 mm diameter). Magnetization of the material
was found to be 0.2499 emu at the external field strength of 5.0 kOe, contributing an uncertainty of

0.06247 %.
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Figure 1 Axial magnetic field generated by the gradient coils.
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Figure 2 Magnetic field dependence of gaussmeter output voltage.
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Figure 3 Hysteresis loop of 1 mm Ni sphere measured by using gradient file of 1 Oe cm’
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Table 1 Uncertainty and related quantities

Quantities Magnitude
Amplitude of the total curve (st) 0.4999 emu
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Uncertainties in the magnetic moment (u,) 0.06247 %
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Table 2 Resonance frequency and magnetic dipole moment under external field of 5 kOe for 5

repeated measurement hysteresis loops.

Hysteresis Resonance frequency Average magnetic moment
loop No. (Hz) (emu)
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5 64.01 0.2496

G

o

¥ 1
wuniladimefuuinanawinnasugnimu e lunsnmadpanifusdivdnaesian szuy

Y @

Na319AUA N1 Ra N TRLN A NTe9Tan b uatN9R Tnsannn1mAgaUsAaNTRLNMANIIN T

q
1

AANTINAATUIA 1 mm WUIA IHNRFAL AN NTA TE R AN T LaLLINEN 0.06247 %uaNaNNTseLLe
al [ 1 0’1 dld = dl L8 1 < [ 0’1 £ o’; =
FA1ANAIN170 11N AT TR TaRAIMNAAIALARLR NN WAL ANAINANTTAGHASILNE
0.43 %

AnAngsNUszniA

1090LAMUANNTUIRHUA WU UIINMINEN AR ERASAan T atiuaLuyulun1534Y

LANE19819D4
da Silva, F.C.S., C.M. Wang and D.P. Pappas. 2003. Interlaboratory comparison of magnetic thin film

measurements. J. Res. Natl. Inst. Stand. Technol. 108: 125-134.

282



NMIUsEgaATINTUNITNG WMNANENAUNEAIANERT INENTANTUNLAL AT 10

Flanders, P. J. 1990. A vertical force alternating gradient magnetometer. Rev. Sci. Instrum. 61: 839-
847.

Hirt, A. M., F. Brem, M. Hanzlik, and D. Faivre. 2006. Anomalous magnetic properties of brain tissue
at low temperature: The 50 K anomaly. J. Geophys. Res. IlI, B12S06 1-10.

Pike C. and A. Fernandez. 1999. An investigation of magnetic reversal in submicron-scale Co dots
using first order reversal curve diagrams. J. Appl. Phys. 85: 6668-6676

Zijlstra, H. 1970. A vibrating reed magnetometer for microscopic particles. Rev. Sci. Instrum. 41:

1241-1243.

283



	ขอขอบคุณสถาบันวิจัยและพัฒนาแห่งมหาวิทยาลัยเกษตรศาสตร์ที่สนับสนุนทุนในการวิจัย

