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Effect of magnetizing field strength and magnetizing
frequency on hysteresis loop shape and its characteristics
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Abstract. Application of external magnetic field over a ferromagnetic material results in
change in its global magnetization. Change in global magnetization occurs due to motion of
magnetic domain walls to align themselves in the direction of applied magnetic field. The
motion of magnetic domain wall generates hysteresis loop consisting of magnetizing curve and
de-magnetizing curve. Hysteresis loop is generally characterized by its characteristics such as
remnance, coercivity and permeability. In the present study, hysteresis loops were obtained
from Ni based sample at different magnetizing field intensity and magnetizing frequency.
Hysteresis loops were clubbed together to study the changes in shape owing to variation in
magnetizing field strength and magnetizing frequencies. Changes in applied magnetic field
strength and magnetizing frequencies affect the process of change in global magnetization
process of material. Variation in hysteresis loop shape and its characteristics such as coercivity,
remnance and permeability clearly reflects effect of magnetizing field intensity and frequency.
A good correlation was obtained between analysis parameters such as magnetizing field
intensity and magnetizing frequency with coercivity, permeability and remnance.

Keywords: Hysteresis loop; Coercivity; Permeability; Magnetizing field intensity;
Magnetizing frequency; Remnance

1. Introduction

The inherent characteristic of ferromagnetic material is the relation between magnetic flux density B
and magnetic field strength H, or the B-H loop or Hysteresis loop. In presence of external magnetic
field, the medium exchanges energy with the source of the magnetic field for initiation of
magnetization process. If the medium magnetization is a single-valued function of external magnetic
field, then the process is reversible and it conserves energy. In this case, the medium stores the
supplied energy in it during magnetization process. When the external magnetic field is reduced to
zero, the medium returns this energy to the source. But, when the magnetization is a multiple-valued
function of the applied field, some amount of energy is dissipated. In presence of slowly variable
magnetic field, this loss is caused by hysteresis, which is defined as the lagging of the changes in
magnetization behind the changes in magnetic field [1]. Most of the researcher used the rate-
independent hysteresis because it is basic and more understandable. Rate-independent hysteresis
indicates that the magnetization curves are independent of the field rate, which implies that only the
past input extreme leave their marks on the shape of hysteresis curve. The rate of externally applied
field, however, plays an important role in changing the energy profiles of the system through the eddy-
current losses, which in-turn not only modify the shape of the hysteresis loop and but also enlarges its
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area [2]. In the existing non-destructive technique, micro-magnetic methods such as Barkhausen Noise
analysis technique and hysteresis (B-H) loop measurement are known to be very efficient for the
characterization of ferromagnetic materials. The microstructure and composition of these materials
define their mechanical and ferromagnetic properties. Thus, the Hysteresis loop technique and
Barkhausen Noise technique can be used for non-destructive evaluation of several material properties
of steels [3]. Hysteresis curve wherever crosses the H-axis and B-axis, the obtained intersection points
known as coercivity and remnance respectively. The tangent at the steepest point of the curve is
known as permeability. These features of hysteresis loop are related with material properties of
ferromagnetic materials. Consequently, hysteresis loop characteristics can be employed for material
characterization.

Previous researchers successfully correlated the hysteresis loop characteristics such as permeability,
coercivity, remanance, core loss, saturation magnetization etc. with the metallurgical and mechanical
properties of ferromagnetic materal. Grain size, hardness and stress have considerable effect on
magnetic hysteresis loop [4-5]. Fourier descriptor analysis of hysteresis loop was successfully
attempted to distinguish the quenched specimen from quenched aged and also to distinguish specimen
with different aging conditions of precipitation hardened steel [6]. In a similar way, effect of
isothermal-annealing treatments on coercivity and remanance were studied on industrially cold rolled
low carbon steel and observed that coercivity and remanance decreases with increase in annealing time
and recovery process [7]. Coercive field, remanant induction, hysteresis loss Core loss, remnance and
coercivity were attempted to monitor the changes in microstructure during cold rolling on account of
recovery and recrystallization [8]. Coercivity was observed to decreases with increase in magnetic
softness while studying the aging behaviour of steel at different length of time [9]. During thermal
aging process of steel the recovery of dislocation and precipitation of Cr- rich phase affected the
coercivity [10].

The shape of hysteresis loop not only depends on the strength of applied magnetic field but also varies
with magnetizing frequency, which in turn may affect the coercivity, permeability and remnance.
Hence, the aim of present contribution is to study the effect of magnetic field strength and magnetizing
frequency on hysteresis loop characteristics.

2. Experimental details:

In the present work, pure nickel in form thin sheet was used as a workpiece material because of its
good ferromagnetic properties. Magnetic Barkhausen Noise analyzer (Magstar) was employed for
hysteresis loop measurements, the analyzer (refer fig.1) is capable to apply the magnetic field upto
1500 Oe as well frequency of applied magnetic field can be vary from 0.1 Hz to 200 Hz. Typically,
low frequency applied magnetic field penetrates more deeply into the material owing to attenuation
effect. Hence in study the effect of magnetizing frequency and magnetic field strength on hysteresis
loop and its characteristics parameter, the magnetizing frequency was varied from 0.05 Hz to 1 Hz and
external magnetic field was varied in wide range from 100 Oe to 1000 Oe.
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Fig. 1 Magnetic Barkhausen Noise analyzer

Figure 2 shows the typical hysteresis loop obtained from pure nickel sheet along with the various
associated parameters. All the measurement were carried out using sinusoidal waveform, and after
each and every measurement samples were demagnetize to eliminate the effect of previous
magnetization process.
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Fig. 2 Screen shot of hysteresis loop obtained from Magstar
3. Results and discussion:

In presence of external magnetic field, global magnetization of material changes as the magnetic
domain walls move to align them in the direction of applied magnetic field. The complete motion of
domain walls generates a path/curve known as magnetization part of hysteresis loop. When magnetic
domain gets aligned, an increase in magnetic field strength does not make any changes in the
magnetization curve, but reduction in magnetic field again disturb the alignment of magnetic domain
and forces them again to align them in the direction of reducing reverse magnetic field. This motion of
domain wall is not reversible, as it follows a different curve (other than magnetization curve) while
aligning them in the direction of magnetic field. Magnetization and demagnetization curve forms
hysteresis loop. Figure 3 represents the hysteresis loops obtained at various applied magnetic field
strength.

Dependency of hysteresis loop on magnetizing parameters is clearly visible in Fig. 3. Increase in
magnetic field strength from 100 Oe to 1000 Oe changes the hysteresis loop shape i.e. loops become
wider with increasing field strength. Effect of increase in applied magnetic field strength on widening
of hysteresis loop is more during the increase in field strength from 100 Oe to 500 Oe, then the
widening of loop become less at higher range of applied field strength. Similarly changes in excitation
frequency also results into variation in shape of hysteresis loop.
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Fig. 3 Variation in shape of hysteresis loop with applied field strength

Variation in shape of B-H loop causes variation in its characteristics i.e. permeability, coercivity and
remanance. Figure 4 (a) and 4(b) show the variation in coercivity with excitation frequency and
applied magnetic field strength respectively.
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Fig. 4 Variation of coercivity with excitation frequency (a) and applied magnetic field (b)

Coercivity of material is defined as resistance offered by material against demagnetization. Generally
eddy current is generated in presence of external magnetic field, which opposes the magnetic field.
Increase in excitation frequency increases the eddy current which in turn enables the magnetic
domains to oppose the demagnetization more effectively in presence of constant magnetic field
strength. Thus, the coercivity increases with increase in excitation frequency. The magnitude of eddy
current also depends on the strength of applied magnetic field, which increases with increase in
magnetic field intensity. In this way, increase in applied magnetic field intensity increases the
coercivity as can be seen in Fig. 4 (b). Permeability is known as ‘the ease’ with which a ferromagnetic
material can be magnetized in presence of external magnetic field. This is measured by calculating the
slope of tangent at the steepest portion (i.e. knee) of hysteresis loop. Figure 5 represents the variation
of average permeability (AP) with excitation frequency.
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Fig. 5 Variation of permeability with excitation frequency

Figure 5 clearly depicts the reduction in permeability with increase in excitation frequency. Widening
of hysteresis loop with increase in excitation frequency occurs in such a way that reduces the slope of
tangent, which leads to decrease in permeability. Further, it is quite interesting to note that
permeability reduces sharply when the excitation frequency increase from 0.05 Hz to 0.25 Hz then it
remains constant with increase excitation frequency. Low magnetizing frequency indicates more
penetration of magnetic field into the material. Decrease in frequency from 0.25 Hz to 0.05 Hz (while
keeping magnetic field intensity constant i.e. 1000 Oe) enables the magnetic field to cover more depth
into the material, that may facilitates material towards magnetization with more ease.

Another importance characteristic of hysteresis loop is ‘Remnance’, which is defined as the residual
magnetism present inside the material when the reducing magnetic field becomes zero. Figure 6 (a)
and (b) shows the variation of remnance with excitation frequency and applied magnetic field
intensity.
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Fig. 6 Variation of remnance with excitation frequency (a) and magnetic field intensity (b)

Remnance is increasing with decrease in excitation frequency. As already indicated that lower
magnetizing frequency enables the magnetic field to penetrate more deep into the material, this
increases amount of magnetic domains to participate for change in global magnetization of material in
presence of constant magnetic field. Thus, remnance increase with reduction in excitation frequency as
seen in Fig. 6 (b). Increase in magnetic field intensity at constant excitation frequency causes the
widening of hysteresis loop in such a way that increases the remnance.
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4. Conclusions:

Following conclusions may be drawn from this experimental study:
(i) Hysteresis loop shape depends upon the magnetizing parameters, in this way hysteresis loop
characteristic such as permeability, coercivity and remnance changes magnetizing parameters.
(i) Coercivity increases with increases linearly with increase in excitation frequency and
magnetizing field intensity owing to opposition generated by eddy current. Permeability
deceases with increase in excitation frequency.
(iii)) Participation of more magnetic domains at lower excitation frequency causes increase in
remnance while it increases with increase in magnetic field intensity.
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