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Abstract

In this work, the structural characteristics and the effect of the external
magnetic field on the linear and nonlinear optical properties of Fe;O4
prepared by the co-precipitation method were studied. The structural
examination included X-ray diffraction (XRD) examination and
transmission electron microscopy (TEM). The results of the TEM
examination showed that the size of the Fe;O, particles ranges between 8-
50 nm. The XRD examination showed that this material has a high -purity

crystalline structure.

The study of the optical properties of magnetic fluids that contain Fe;O4
nanoparticles included studying the changes in the linear refractive index
in detail under different conditions. The study concentrated on examining
the effects of the type of liquid, temperature, particle concentration, and
magnetic field on the optical properties of the samples. This study
highlights the interactions between these factors and how they can affect
the linear optical properties of ferromagnetic fluids. This study showed
that the strength of the impact of the nanoparticles depends on the
properties of the liquid. In addition, the presence of nanoparticles affects
the refractive index of the medium (n) and its thermal change (dn/dT) in
an opposite manner. This property can be used to design optical devices

with controllable refractive index.

In addition, four types of optical filters were designed using single Fe;O,
particles alone and mixed with other non-magnetic materials. These
filters are adjustable and have different specifications. The first filter
consists of Fe;O,4 particles only, and the second and third filters consist of
mixing silver nanoparticles and Methyl blue dye with iron oxide particles,
respectively. The fourth type of filter designed in this work consists of
copper nanoparticles bound to the Fe;O, particles. The results showed

that the controlling of these filters is reversible and can be invested in



Abstract

designing pioneering filters for optical and communications field

applications.

On the other hand, the spatial self-phase modulation technique (SSPM)
was used with an external magnetic field to study the magneto-nonlinear
properties of the Fe304 particles. In addition, the Z-scan technique at
three different wavelengths (405,532, and 650 nm) was used to study the
spectral dependence of the nonlinear properties of the Fe;0,
nanoparticles. This study showed that Fe;O,4 particles have a negative
nonlinear refractive index at all the studied wavelengths. It was also
demonstrated that the possibility of using this material to design an

optical switch.
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Beam splitter Lens Sample Aperture
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Beam splitter Lens Sample
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