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Abstract. The experimental solid state pbysics group at the Indian Institute of
Technology, Bombay, has been engaged in research on ferromagnetic resonance and
relaxation, magnetic ordering and exchange phenomena in ferrimagnetic systems.
A brief report on the facilities developed and the work done by the magnetism group
is presented.

1. Introduction
The magnetism group of the Department of Physics, at Indian Institute of Technology (IIT), Bombay, consists of four faculty members and a number of scientists
and technical staff.
The department has low and high power ferromagnetic
resonance spectrometers operating in the 10 GHz range, vibrating sample magnetometer (indigenously developed), Mtissbauer spectrometer, a set-up for the permeability spectrum studies in the 10 KHz to 100 MHz range, BH loop tracers for
soft and hard magnetic materials and preparation facilities for magnetic oxides
by normal sintering and hot press techniques. A brief description of the work
done by the group in recent years is presented in this paper.

2. Ferromagneticresonance and relaxation
The work in the area of ferromagnetic resonance started with the investigations
on the internal fields at the dipoles in cavity perturbation techniques when
samples are located at the base of a microwave cavity (Patni and Srivastava 1971).
This led to the development of a technique by which the intrinsic g~ff value could
be obtained in magnetic insulators with accuracies better than 2~. The effect
of the eddy current and inhomogeneous demagnetisation fields in ferromagnetic
resonance and relaxation was studied for the first time and a satisfactory explanation was offered for the size-dependence of the line-shift and line-broadening due
to these two processes (Srivastava and Patni 1974; Srivastava et al 1977b). An
exact solution technique for the determination of the dielectric and magnetic susceptibility of low loss microwave materials has been recently developed which helps
to reduce substantially the high cost of the sophisticated instrumentation used
presently in the techniques based on perturbation methods (Hanumanthrao and
Patni 1978).
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The reliability and accuracy of the ga~ values obtained by the technique developed here has helped in the identification of crystal field state of magnetic ions
in the ordered state. It has been possible to show from the FMR g0ft values that
in strontium-doped rare earth orthocobaltites the Co 3+ ions are in intermediate
spin state and not in the high or low spin states (Bahadur et al 1979).

3. High power spin wave instability
During the past three years, the processes leading to the spin wave instabilities
have been studied in garnets at high power levels, q-his required the development of a high power X-band bench operating at 9"39 GHz with peak power of
80 kW and pulse width of 4/z sec. The measurements have been made in the
parallel-pump configuration with the rf and steady magnetic fields parallel to each
other (Prakash et al 1978a). The dependence of the spin-wave line width on the
wave vector and grain size has been studied for some substituted yttrium iron
garr~ets.

4. Magnetic relaxation at low frequencies
The shape of the permeability spectrum has been studied as a function of magnetisation and grain size for a number of garnets with 4zM, varying from 90 to 1780 G
and grain size from 1/z to 20/z. The investigation on samples with a wide range
of 4zrM, and grain size showed that the earlier proposition (Globus 1975) that
resonance-type permeability spectra are due to the presence of inhomogeneous
grains in the sample is incorrect. A new theory based on our observations
(Prakash et al 1979) has been developed which explains the change from resonance
to relaxed character of the permeability spectrum as the grain size and magnetisation are varied.

5. M~ssbauer spectroscopy
Mbssbaucr spectroscopy has been used for the first time to observe the thermally
excited domain wall oscillations. In the case of samples with high ratio of the
relaxation to resonance frequencies for the domain wall motion, localised osoillalations within the potential well are executed by the domain wall as the temperature
is increased (Srivastava et al 1976a). This gives rise to a superposition of two types
of spectra, one hyperfine split six-finger pattern due to ions within the domains
and the other a central quadrupole split doublet due to the ions lying in the path
of the domain walls. Based on the above, we have explained the complicated
behaviour of the observed relaxed type of Mibssbauer spectra for ferrous zinc
ferrites as a function of temperature (Srivastava et al 1976a, b, 1977a).

6. Magnetic ordering
In collaboration with the group at the Bhabha Atomic Research Centre, the
n~tron diffraction technique has been used to show that nickel-zinc ferrites have
a canted Yafet Kittel type of spin ordering (Satya Murthy et al 1969). The magnetisation data and the getr values agree with this type of magnetic structure. Sub-
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sequently our result was verified in other laboratories using M6ssbauer spectroscopy. Similar canted structure has been concluded for the ferrous zinc system
also on the basis of its equilibrium magnetic properties (Srivastava et al 1976b).

7. Super-exchange interaction in spinel ferrites
The exchange constants in ferrites obtained by N~el (1948) on the basis of the two
sublattice model are not in agreement with the existing theories of the superexchange. A new method of analysis of the temperature dependent magnetisation
and paramagnetic susceptibility curves based on the three sublattice model has
yielded (Srivastava et al 1979) exchange constants of spinel ferrites in agreement
with Anderson's theory of super exchange. The most interesting result of this
investigation is that the exchange energy is independent of the rmmber of electrer.s
present in the half or more than half-filled sub-shell as long as the route of the
super-exchange interaction between the two magnetic electrons is not blocked.

8. Spin glasses
In collaboration with Prof. Girish Chandra of the Tara Institute of Fundamental
Research, studies of some of the spin glass systems like (Aul-, Cur)° Fe1-,have
been undertaken (Chandra et al 1978).

9. Hot press technique
The hot press technique using silicon carbide dies for the preparation of garnets
with controlled microstructure has been developed for tile first time in the country
(Prakash et al 1978b).

10. Developmental projects
The group has been working since 1973 on the development of polycrystalline
yttrium iron garnets by normal and hot press sintering techniques for applications
in the L- to 2"- bands of microwave communication systems. We have recently
undertaken two projects, on~ sponsored by the Department of Scienoe and Technology on single crystal and hot press MnZn ferrites and the other jointly with
Advanced Centre of Materials Science, Indian Institute of Technology, Kanpur,
on the development of magnetic bubble materials.
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