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Abstract 4 r 11 Observations in a Nd,Fe,,B Ferromagnet
Oft_en, trying t_o descr_ibe how atomic interactions in a structure come to ma_nifest thgmselves macroscopically is_ e Them agnet was immersed in |iC|Uid
tedious if not impossible when large numbers of molecules or atoms are being considered. One way to more easily 1 ) _ _
approximate the expected behavior of a large system of particles, such as magnetic dipoles, is to consider how the ‘ nitrogen at /7K and allowed to warm y Magnetic Flux Density vs Temperature 145 - Magnetic Flux Density vs Temperature
“mean f_”leld” produced b}/ neighboring parti?les near a single part?cle_ a_ffects i-t and observing its behavior. _Ig 1 baCk ! p to room tempera ture. A 143 -
magnetic systems, there is an electromagnetic exchange between individual dipoles that extends only negligibly D _ ] 12 Observed .
beyond the other dipoles immediately adjacent to them. By “tagging” an individual dipole in a tetragonal crystal 1 ’ * The observed magnetic field 1s given by |
lattice of ferromagnetic dipoles and then “freezing” the dipoles immediately near it, the mean field produced by the : g 10 heoretical g’ Theoretical
frozen dipoles can be calculated, and the net effect of the mean field on the tagged dipole can be seen. In the case of ! th_e two grap_hs to the_ rlght ana Compared g £ 137
ferromagnetism (and all magnetic systems), the magnetization and orientations of dipoles are dependent on with theoretical predlctlons. § ° § e
temperature. To see this, several magnets were cooled with liquid nitrogen and allowed to warm back up to room I o P T s . s
temperature while the strength of their magnetic fields were measured at a constant distance. The observed field The magne_tlc field has a similar Shape to & %B'a Observed
strengths are then compared with theoretical results produced from the mean field approximation. H... the theoretical curve above 158.81K. = = 131
_ Below 158.81 the magnet experienced a 2
Theoretical Background spin reorientation transition (SRT). e
« To make a mean field approximation of a large ferromagnetic system, we consider only a single dipole within a material and the interactions it has with the e Since MFT makes no account of the " 100 200 300 » 400 500 600 70 120 170 " 220 210
other dipoles immediately adjacent to it. " Temperature (K remperature (K
 After calculating how the dipole responds to the effective magnetic field produced by the surrounding dipoles, we generalize it to the system as a whole. SRT’ Only data above the transition
temperature was considered, as shown
Te M M ’ . . . . z
+ The effective magnetic field produced by the neighboring dipoles is Plots of tanh (FC E) vs M 1 ; below. * The Spin Reorientation Transition (SRT) i
given by ; was observed to occur at 158.81K and
n ) below. < >
Hepp = ;<S> e Magnetic Flux Density vs Temperature - The SRT is due to a change within the
=g e material that effectively allows the
* It there is no external magnetic field, the energy of the single dipole S 14 Theoretical magnetic dipoles to orient themselves [ s
veing observed is i 1 ‘ < 138 anywhere within the cone shown to the ¢ —
= _ . 1 ——Tc1=05 15 Z T : 0
E; Heprisi Te/r=1 5 136 - right. ’
. g - ,
« The average spin alignment of the tagged dipole due its interaction —Tc1=2 X 13.4 - Literature sugges_ts ﬂ_lat the SRT shouldn’t
with the surrounding dipoles is given by e = Observed cause the magnetic field to drop by more
| 2 than 14%.
nJ 11— —— S 13 - * The minimum magnetic field observed
uH u( <S>)) J(s) S g
(s) = tanh( kaf) = tanh( — )= tanh (nkTS ) Ms * 128 below the SRT is 8.79% lower than at the -
@ Constants, Terms and Definitions e transition temperature, within the expected ”
« k, Boltzmann's Constant. k = 1.381 x 1023 Joules/Kelvin. 2
* J acoupling constant to describe the interaction between two dipoles, has units of Joules. 154 range' X
M njf M\_ M T M * u, the magnetic dipole moment, has units of Joules/Tesla. . | ' ' | ' '
— = tanh (k_T v)— v = tanh (— —) « s;, the tagged dipole being observed 150 170 190 210 230 250 270
S S S S » (s), the average spin alignment of the neighboring dipoles. Temperature (K)
« M, the magnetization of a system given by M = nu(s) for n dipoles., has  units are Amps/meter
« This equation is transcendental and can be solved graphically to find . M,, the saturation magnetization of a system where all dipoles are perfectly aligned. M, = nu for n dipoles ,
solutions. Several sample solutions are given to the right. has units of Amps/meter. o _
« T, the absolute temperature of a system, given in Kelvin. _
* T, the Curie temperature. Defined as T, = %] Kelvin. ConCI usions
Predictions for the Magnetic Field for a Real Magnet . Theoretical predictions are an average of 4.35% . Magnetic Flux Density vs Temperature
 The solutions to this curve are used to predict the higher than observed data. TTTT1+ _
_ _ magnetization in a real system as a function of temperature. 14.2 -~ T -
z 1 7 - 1  This experiment was performed by taking measurements _ T T -
H.| = Md (E " i) B (E o i) along the z axis of a disc shaped magnet. The magnetic field » There was found to be a 4-1_2%_err0r In the 5 147 I Theoretical
Sl \[RZ S N2 \[Rz T is given by the equation to the left. measurement of the magnetic field. 2138 1 g T
Nd T ('(2_ i) da "t (Zi' E i) - For a 1 inch diameter, 3/8 inch thick disc magnet, the = e o T
Where R= the radius of the magnet theoretical magnetic field 9.3 cm above the disc is given . o 13.6 - i T =
d=the height of the magnet below in units of Gauss. © Al IOW_temperatureS’ I was found that the 3 13.4 - . 1T T
s=the peint:along thezaxis abwhich wewatit to theoretical curve was within the region of error. 3 - W T -
measuee e magaeiic field 16 1 Theoretical Magnetic Flux Density - Ty I R o T
- - . i T~ }
14 » The accuracy of the MFT diminishes as the £ 13 - L] n
; T 12 - temperature of the system warms to room < g ~ 1 | |Ohsefved N s
7 = i ' 4 1
g 10 - temperature. 1 .
Q . ke e
T X g 12.6 J
e N -, - g 6 « MFT doesn’t take into account the SRT , and is 12.4 - | | | | = |
~ | g4 unreliable for the temperature range over which the 150 170 190 210 230 250 270
= By 2 material experienced the SRT. Temperature (K)
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