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Mg0.5-xCuxZn0.5Fe2O4 (x = 0 to 0.3) are synthesized by conventional ceramic double sintering technique. Temperature dependence of AC electrical conductivity is estimated in the temperature range of 30 to 200 o C and frequency dependence up to 1MHz. Room temperature conductivity is of the order of 10 -8 Ω -1 m -1 and increases to 10 -5 Ω -1 m -1 at higher temperatures. Temperature dependence of all the compositions follows Arrhenius law while the frequency dependence follows the double power law. The activation energies and the critical exponents evaluated supports jump relaxation model of conduction mechanism.

Introduction. Electric and magnetic characteristics of ceramic materials are of increasing importance in the fields of radio electronics, optoelectronics, microwave electronics and modern communication devices. Ferrites find vast application in these fields. An important property of these materials is their high electric resistance compared to that of other elemental magnetic materials, which generally possess low eddy current losses at high frequencies. Ferrites have very high resistivity which is one of the considerations for microwave applications. The order of magnitude of the conductivity greatly influences the electric and magnetic behavior of ferrites. This has aroused considerable interest in the study of electrical conductivity and frequency dependent electrical behavior of ferrites [START_REF] Madhuri | Transport properties of microwave sintered pure and glass added MgCuZn ferrites[END_REF][START_REF] Reddy | Structural, magnetic and electrical properties of NiCuZn ferrites prepared by microwave sintering method suitable for MLCI applications[END_REF]. The AC conductivity of a magneto-ceramic is complex. The real part of the conductivity (σ), called the polarization conductivity is a function of frequency and temperature. It is supposed to follow the power law as [START_REF] Gurusiddappa | Conductivity and dielectric behavior of polyethylene oxide-lithium perchlorate solid polymer electrolyte films[END_REF]:
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where σ(0)denotes dc conductivity corresponding to frequency independent plateau at low frequency, A and B are the AC coefficient and n1 and n2 are the power exponent. with the help of a low frequency impedance analyzer Hioki LCR Hitester model 3532-50 and a computer interfaced tubular furnace. The conductivity arises as a result of charge hopping from one site to another site. The AC conductivity σ is obtained from the real part of impedance as:
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where t/Ais the geometrical factor of the sample.

Results and discussion. Single phase spinel structure formation is confirmed from X-ray diffraction studies which is published in our earlier work [START_REF] Madhuri | Thermoelectric Studies of MgCuZn Ferrites[END_REF]. Fig. 1 shows the compositional variation of AC electrical conductivity of Mg0.5-xCuxZn0.5Fe2O4 samples. Within the experimental error AC conductivity is found to be independent of copper concentration. The temperature dependence of AC electrical conductivity of MgCuZn ferrites is shown in Fig. 2. The AC electrical conductivity has increased with increase in temperature. In the investigated temperature range the conductivity has increased by two orders of magnitude. Rise in temperature of the sample will help the trapped charges to be liberated and to participate in the conduction process, with the result conductivity increases, which is the normal behaviour of semiconducting materials like ferrites. Similar results were reported by, Bellad [START_REF] Bellad | Some AC electrical properties of Li-Mg ferrites[END_REF] in LiMg ferrites, by Ahmed [START_REF] Ahmed | Spectroscopic and electrical properties of Mg-Ti ferrite doped with different rare-earth elements[END_REF] in the case of Er-substituted MgTi ferrite. In the investigated temperature region AC conductivity exhibited two slope regions indicating mixed conduction mechanism in the series of ferrites. The activation energies (see Table . 1.) in the intrinsic region (high temperature region) i.e., region II are greater than those of region I. High activation energies in region II suggest polaron happing and low activation energies at low temperatures must be due to free charge carriers [START_REF] Ali | Effect of Tb-Mn substitution on DC and AC conductivity of Y-type hexagonal ferrite[END_REF]. Further, all the activation energies are found to be greater than the ionization energies (Ei = 0.1ev) of the donor or acceptors and thus the possibility of band like conduction is ruled out. The values are even higher than the Fe 2+ ↔ Fe 3+ transition energy (Ee = 0.2ev) supporting the polaron hopping in the intrinsic regions [START_REF] Madhuri | Transport properties of microwave sintered pure and glass added MgCuZn ferrites[END_REF]. Examination of compositional dependence of conductivity and activation energies reveal a good correspondence, that is samples having low conductivity have high activation energy and vice versa. The values of n1 and n2 evaluated corresponding to the two regions are tabulated in Table 1. If the values of the exponents n1 and n2 is equal to zero then the conduction is independent of frequency or DC conduction. If it is less than or equal to 1 then the conduction is frequency dependent. Physically the n value signifies the strength of carrier-lattice interactions. The n1 and n2 values less than one strongly suggest hopping conduction mechanism. The frequency response of conduction is interpreted in terms of the jump relaxation model [START_REF] Funke | Jump relaxation in solid electrolytes[END_REF][START_REF] Youssef | The Permittivity and AC Conductivity of the Layered perovskite [(CH3)(C6H5) 3P] 2HgI4[END_REF] where the conduction is due to translational hopping for n1 < 1 and localized rotational hopping for n2 ≥ 1. Frequency variation of AC electrical conductivity of all the samples is increasing with increasing temperature.

Summary. Mg0.5-xCuxZn0.5Fe2O4 (x = 0 to 0.3) are synthesized conventionally by solid state reaction route. Temperature dependence of AC electrical conductivity confirmed semiconducting behavior of these ferrites. In the temperature range of 30 to 200 o C AC conductivity has increased by two orders. Activation energy of all the samples supports hopping conduction mechanism. The frequency dependence follows the double power law. The evaluated critical exponents from the frequency dependence also support hopping conduction mechanism.

Materials and methods .

 methods Reagent grade MgO, CuO, ZnO and Fe2O3 are weighed according to the stoichiometry [Mg0.5-xCuxZn0.5Fe2O4 (x = 0 to 0.3)] and mixed and grinded. The powders are presintered at 800 o C for 2 hours. The obtained powders are milled in a ball mill for 10 hours at 300 rpm. Thus, obtained green powders are made into pellets of 1cm diameter using uniaxial press and are sintered at 1250 o C for 2 hours in Zn atmosphere. The polished pellets are given good ohmic contacts using Du Pont silver paint. The values of Z' and Z" were recorded directly at 5 o C temperature intervals in the temperature range 30 to 200 o C at different frequencies in the range 100 Hz to 1 MHz

Fig. 1 .

 1 Fig. 1. Variation of AC electrical conductivity with copper.

Fig. 2 .

 2 Fig. 2. Variation of AC electrical conductivity with reciprocal temperature.

Fig. 3 .

 3 Fig. 3. Variation of log(σ) AC with log(f) at room temperature.

Table 1 .

 1 Activation energies and critical exponents from AC conductivity studies of the series.

	Copper Content	Region I	Region II	Region I	Region II
	x	∆E1 ev	∆E2 ev	n1	n2
	0.0	0.28	0.5	0.26	0.58
	0.05	0.3	0.5	0.5	0.73
	0.1	0.26	0.42	0.22	0.53
	0.15	0.21	0.41	0.13	1
	0.2	0.24	0.63	0.64	0.34
	0.25	0.29	0.53	0.16	0.81
	0.3	0.39	0.52	0.24	0.86