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Curie weiss law

The Curie-Weiss Law dictates how magnetic susceptibility behaves in ferromagnets above the Curie temperature, placing them in the paramagnetic region. Magnetic moment determines a magnet's torque in an external field; examples include bar magnets, electric loops, molecules, and electrons. Material-specific Curie (C) and absolute temperature
(T), as well as the Curie temperature (Tc), influence net magnetization. Some materials exhibit spontaneous magnetization even without an external field, like cold iron. Others, such as magnetite and nickel, are ferromagnets with similar properties. The Curie-Weiss Law has limitations, particularly in describing susceptibility for many materials; a
critical behavior at temperatures above Tc replaces it, but uses a higher temperature (0) instead. This concept is crucial for understanding magnetic phenomena and the laws governing them within physics. The Curie-Weiss Law assumes ideal conditions to describe magnetic susceptibility, disregarding real-world complexities like magnetic anisotropy
and extended interactions. It oversimplifies this parameter as inversely proportional to temperature differences from the Curie point, neglecting other influential factors. At high temperatures, its assumptions become unreliable due to thermal effects overpowering magnetic interactions. The Curie-Weiss Law explains how magnetic materials behave
as they transition from ferromagnetic to paramagnetic states. It shows that the material's susceptibility inversely relates to the temperature difference between its absolute value and the Curie temperature, providing insights into properties like magnetic moment and atom density. The law mainly applies above the Curie point for paramagnetic
materials, but concepts can indirectly help understand other phase transitions. Values vary widely based on the material's magnetic ions and their interactions, refining predictions by accounting for different properties and temperature ranges. The Curie-Weiss Law formula is not explicitly provided, but it involves parameters like 'y' (magnetic
susceptibility), C (Curie constant), and 6 (Weiss constant). The law describes how materials behave approaching ferromagnetism below the Curie temperature, offering a more detailed understanding of magnetic properties. In magnetism, the Curie-Weiss law explains how ferromagnets behave above their Curie temperature. It states that a material's
magnetic susceptibility y is directly proportional to its Curie constant C and inversely proportional to the difference between the absolute temperature T and the Curie temperature TC. This law predicts a singularity in susceptibility at T=TC, below which ferromagnets exhibit spontaneous magnetization. The Curie-Weiss law describes changes in
magnetic susceptibility near the Curie temperature but fails for some materials due to its mean-field approximation. Instead, critical behavior with exponent y is observed. At high temperatures, the expression holds true but requires a different constant ®. Quantum mechanics explains magnetism by considering atoms' electrons and nuclei. When
shells are filled, there's no net magnetic dipole moment in absence of an external field. However, applying such a field distorts electron trajectories according to Lenz's law, leading to diamagnetic materials being repelled. When atoms have incomplete shells (according to Hund's Rule), they can be influenced by external magnetic fields. However,
individual atoms don't necessarily produce a net magnetic effect because their tiny magnetic dipoles are randomly aligned. It takes an external magnetic field to align these dipoles and create a net magnetic moment per volume. This alignment is temperature-dependent, as thermal agitation can disrupt the alignment. Some materials have atoms that
interact with each other to align themselves even without an external magnetic field, when the thermal energy is low enough. This alignment can be either parallel (ferromagnetism) or anti-parallel (antiferromagnetism or ferrimagnetism). The text then focuses on a simplified scenario where each atom is like a two-state system, with one unpaired
electron that has a spin of half a unit. When an external magnetic field is present, the ground state splits into two states with energy differences proportional to the applied field. A density matrix is used to describe the quantum system in a mixed state, which is different from a single state vector describing a pure state. The expectation value of a
measurement over the ensemble can be calculated using the density matrix and Von Neumann's equation shows how the density matrix evolves with time. In equilibrium, the allowed density matrices satisfy a certain condition. For the 2-state system, the Hamiltonian is given by a simple formula involving the gyromagnetic ratio. The canonical
ensemble density matrix is also derived, which is used to calculate the expectation values of various measurements in the presence of an external magnetic field. The main results are that the x and y components of the spin average out to zero, while the z-component (aligned with the external field) has a non-zero value that depends on the
temperature and magnetic field strength. The energy shift in an atom due to a magnetic field is described by the equation ] zB + BB”~2 Ji(x i~2 + y i™2), where a and B are constants dependent on the mass and charge of the electron. This equation is derived using second-order perturbation theory, which assumes that even at high magnetic field
strengths, the energy shifts due to AH are relatively small compared to atomic excitation energies. The degeneracy of the original Hamiltonian is handled by choosing a basis that diagonalizes AH in the degenerate subspaces. The energy shift is then calculated as the sum of two terms: aB (n|] z|n) and a”~2B”2 Sm(E m # E n)|(n|] z|m)|~2/(E n -

E m), where i corresponds to individual electrons in the atom. The second term represents the effect of spin-spin interactions. For diamagnetic materials, only the B-term contributes to the energy shift, while for paramagnetic materials, all three terms contribute. However, this assumption is not valid for ferromagnetic materials, where the spins of
adjacent atoms interact with each other. To account for these interactions, the Hamiltonian of the ensemble of atoms needs to be considered, which includes both the individual atom energies and terms corresponding to spin-spin interactions between pairs of atoms. The Ising model is a simple approximation that assumes interaction occurs only
between neighboring atoms, leading to an effective mean field or Weiss field. The Curie-Weiss law describes the magnetization of a paramagnetic material in response to a magnetic field, relating it to the temperature and material-specific constants such as permeability, magnetic moment, and Curie constant. The Curie-Weiss Law describes the
relationship between the magnetic susceptibility y, the total magnetic field B, and the Weiss molecular field constant A. The law states that y is inversely proportional to B and is given by the equation y = C / (B + AM), where M is the magnetization. Rearranging this equation yields y = C / (T - TC), where TC is the Curie temperature. The Curie
temperature is defined as TC = CApo / po, where po is the magnetic constant. The Curie-Weiss Law is a fundamental concept in magnetism and is used to describe the behavior of magnetic materials at high temperatures. It has been extensively studied and experimentally verified by researchers such as Pierre Curie and Charles Kittel.
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