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This exam paper contains 3 questions on 6 pages.

Please answer on the back of the page if you need more space.
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Maximum points Points scored
Question 1 10
Question 2 14
Question 3 11
Homework 1 point of final score
Total

The exam grade for the magnetism part is calculated as 1 + 9 x (exam points/35).
The final grade for the magnetism part is (exam grade) + (homework grade).

Final grade:
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Question 1 (10 points)

a. 1. On the left-hand plot below, draw a typical magnetic susceptibility versus temperature curve
for a ferromagnet with Tc = 100 K. (2 points)

ii. On the right-hand plot below, draw a typical inverse magnetic susceptibility versus
temperature curve for an antiferromagnet with Ty = 50 K. (2 points)
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b. Propose a suitable order parameter for a paramagnetic to antiferromagnetic phase transition and
explain why this order parameter is suitable. (2 points)

c. Describe how the effective magnetic moment in the paramagnetic temperature region (above

the ordering temperature of the ferromagnet or antiferromagnet) can be experimentally
determined. (2 points)
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d. LaBaNiOa, in which Ni** (3d") is octahedrally coordinated by oxygen, is a paramagnetic
insulator. The effective magnetic moment of Ni is pesf = 1.75 pg at 100 K but peft = 3.90 pp at
room temperature. Give a possible explanation for these different values. (2 points)

Question 2 (14 points)

a. i. Using Hund’s rules, determine the ground state of the Sm3* cation (electronic configuration
4%). (2 points)

ii. Calculate the effective magnetic moment of ground-state Sm®*. (The Landé g-value for Sm®*
is gy = 2/7.) (2 points)

iii. The measured effective moment of Sm3" is perr = 1.74 us. Does this agree with your
calculated value? Comment on your answer. (2 points)
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c. Consider a metal oxide in which neighbouring transition metal atoms, both octahedrally
coordinated by oxygen, each contain one unpaired electron in the 3d;2 orbital. Superexchange can
take place via the 2p, orbital of a bridging oxygen atom in the geometry shown schematically
below. Explain why superexchange in this geometry is antiferromagnetic. (2 points)
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d. LaMnOg possesses one unpaired electron in its manganese 3d2 orbital. These orbitals order
spatially as shown in the picture below. Explain briefly why this happens. (Here Mn®* has electron
configuration 3d* and manganese is octahedrally coordinated by oxygen.) (2 points)

e. The spin associated with one Mn** cation in LaMnOs is shown by the arrow (lower left on the
diagram above). Indicate on the picture the directions of the other spins. Is the overall spin
ordering in LaMnOgz ferromagnetic or antiferromagnetic? (2 points)
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f. LaMnOg is an insulator. When more than 20% of the trivalent La®* in LaMnOs is replaced by
divalent Sr?*, the material becomes metallic. Suggest why. (2 points)

Question 3 (11 points)

a. When a ferromagnetic material is cooled down through its Curie temperature in the absence of
an applied magnetic field, it forms ferromagnetic domains. Explain why these domains
spontaneously form. (2 points)

b. Sketch a typical magnetization versus applied magnetic field loop for a soft ferromagnet and a
hard ferromagnet. Give an example of an application for each type of ferromagnet and explain
briefly why its properties are suitable for that application. (4 points)
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c. Ferromagnetic nickel has a cubic crystal structure with lattice constant 3.524 A. There are 0.6
spins per atom in the ferromagnetic state, the exchange constant J is equal to ksTc where Tc =
627 K, and the easy axis anisotropy is K = -0.5x10% J/m*. Calculate the domain wall thickness
(assume Bloch walls). (2 points)

(Note: kg = 1.381 x 10% J/K)

d. YbMgGaOy is an insulator and has a crystal structure in which the magnetic Yb®* cations (S =
) are arranged in two-dimensional layers with a triangular pattern as shown below by the blue
circles. The sign of J for the exchange interaction between neighbouring Yb3" cations is negative
(antiferromagnetic). Discuss what the magnetic properties of YbMgGaOs might be and whether
you would expect long-range magnetic ordering to occur in this compound. How could you test
your prediction experimentally? (3 points)
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