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___________________________________________________________________________________________________ 

Abstract: This project Research paper for detecting magnetic fields in the extremely low frequency range and extremely low 

noise are developed, including the antenna, transformer base frequency amplifier. Each component is described with relevant 

cut-offs which allow a large variation of receivers to be easily designed for any magnetic field loop coil sensing in the ultra-

low frequencies noise range. This paper introduces a new ELF noise signal Inductor Loop-sensor design and finds stability 

for pre-amplifier. A system using different impedance value base antenna is developed further that has been used extensively 

in measurement application in the frequency below range of extremely low using tools such as MATLAB software base.   
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1. Introduction 

The induction coil sensor is called also search coil sensor, 

pickup coil sensor, magnetic antenna  is one of the oldest 

and wellknown magnetic sensors .Magnetic field receivers 

are used to sense low-frequency [(LF); <30 kHz] 

electromagnetic waves because of their superior noise 

performance at low frequencies and their relative different of 

nearby metallic aloe structures compared to electric field 

sensors. Superconducting Quantum Interference Devices 

(SQUIDs) are commonly available frequency amplifiers in 

this frequency range. These generally use a high-input 

impedance amplifier and then use feedback to reduce the 

input impedance gain as seen by the sensor although good 

noise modules performance is obtained; they must be 

operated below the critical temperature of the 

superconductors, near -273.15 0C. In general, it is difficult to 

design a SQUID-based amplifier to have input impedance as 

low as is required while remaining stable [1].we design 

system in room temperature also uses a In loop topology [2] 

An intelligent sensor is a system usually consisting of a 

chain of analog and digital blocks, each of which provides a 

specific function. Sensors or transducers of particular 

physical quantities described in other chapters constitute 

only small but important part. Figure 1 shows the structure 

of an intelligent sensor. Of course, not every intelligent 

sensor contains all the presented blocks; it depends on sensor 

type and functionality.  

 
Figure 1:  The structure of an intelligent sensor. 

 

The sensor or transducer usually provides some electric 

quantity output (e.g. voltage, current or impedance), which 

depends on the value of measured physical quantity (either 

electric or non-electric). Many sensor types require external 

excitation to work, usually electric, but sometimes also 

magnetic or mechanic excitation. A signal conditioning 

block may provide amplification, filtering, nonlinearity 

correction and similar functions [2]. Usually they are 

implemented using analog circuits, but digital 

implementation (especially of specific functions like 

nonlinearity correction or environmental influence 

compensation) becomes more frequent. An A/D converter 

block converts analog signal into digital values, suitable for 

processing by microprocessor or other digital devices. The 

following blocks are implemented either in digital hardware 

(ASIC, PLD) or in software (running on the 
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microcontroller). The online data processing and control 

block provides part of the signal conditioning, and for some 

sensor types it controls excitation parameters or analog 

signal conditioning processes (e.g. synchronous detection). 

The offline data processing block receives instantaneous 

values of measured quantities. It is more focused on data 

storage, report generation, trend evaluation, etc. The last two 

blocks are well known to users; the HMI (Human Machine 

Interface) allows local sensor control and data output, and 

the communication block provides an interconnection to the 

system controller via the distributed system. Some intelligent 

(as well as ordinary) sensors also contain an auxiliary sensor 

that measures other physical quantity interfering with the 

main sensor output. A typical example is an auxiliary 

temperature sensor used to compensate the unwanted 

temperature influence. A signal-conditioning block is mainly 

used to extract information about the measured quantity from 

the sensor output signal and to match it to the input of the 

following block – an A/D converter [3]. It typically 

implements some (or all) of the following functions – 

amplification and signal conversion, sensor insulation, 

filtration, detection, non-linearity correction, and 

environmental influences correction. Sometimes selected 

functions (especially the non-linearity and environmental 

corrections, more rarely the filtration or detection) are 

implemented later in the chain within the data processing 

block. Often the SC block also contains the circuits that 

allow sensor and/or sensor connection diagnostics. This 

feature is necessary for sensors whose failures could cause a 

large amount of physical damage or even risk personal 

safety. 

 

2. Amplification and Signal Conversion 

Amplification and signal conversion is nearly always used, 

as direct sensor output signal magnitudes are usually low. In 

case the output electric quantity of the sensor is not a 

voltage, voltage signal conversion is usually applied before 

further processing [4]. 

 

Sensor insulation [4]. 

Galvanic insulation is often required to avoid ground loop 

currents that introduce errors in the measuring chain. 

Insulation also provides a barrier against interfering voltage 

spikes coming from the examined technology that may 

damage electronic circuits. Galvanic insulation of the sensor 

is also required if there is a higher voltage difference 

between the technology the sensor is mounted on and the 

sensor itself. 

 

Filtration [4]. 

Filtration is a very important part of the SC block and can be 

found in nearly every intelligent sensor. The sensor output 

signal that carries information about the measured quantity is 

often distorted by a number of noise sources that can be (at 

least partially) removed using filtering. A low-pass, high-

pass, band-pass, stopband, notch filter or a combination of 

these is applied depending on the specific situation. 

In conjunction with sampling and A/D conversion, anti-

aliasing filters are often applied. They are usually higher 

order low-pass filters that are used so that the output signal 

satisfies the sampling theorem. 

 

Detection [4]. 

The higher frequency signal envelope sometimes carries 

information about the measured physical quantity, e.g. in 

some SC circuits for the eddy current distance sensor (see 

Chapter 7)[3]. Detection is then used to extract the envelope 

amplitude. Often a synchronous detection is used in order to 

increase the signal to noise ratio, e.g. in SC circuits for 

optical sensors (see Chapter 2)[3] or LVDT displacement 

sensor (see Chapter 7)[3]. Many sensors provide information 

encoded into the phase shift between the excitation and 

output signals. Synchronous detection is used here as well, 

providing 0and 90components. In this paper, we describe 

a sensitive Extreme very Low frequency receiver design 

method originally developed by R.R.Aparnathi, V.V 

Dwivedi. The various design equations and trade of fr of the 

antenna, transformer base Signal conditioning (SC) Extreme-

low-noise generated are discussed. Section II begins by 

describing the design of Amplification and signal conversion 

and Sensor insulation. Developed in Section  III and Section 

IV follows, describing the amplifier design. In Section V, an 

example system using a very low value ohm and some value 

inductive antenna design is presented, and the corresponding 

performance is shown in Section VI. 
 

3. Design of the Air Coil Sensor Base 

Transformer  

The sensor or transducer usually provides some electric 

quantity output (e.g. voltage, current or impedance), which 

depends on the value of measured physical quantity (either 

electric or non-electric) show in Figure.2 

 
Figure.2: System design of fully differential magnetic field 

receiver, including antenna model, transformer model, and 

noise model of amplifier 

Table 1: [1, 3] 

Constants Forvariou smagnetic loop antenna shapes 

Sr.No Shape of Loop Constant 1 Constant 2 

1 Circular 3.545 0.815 

2 Regular Octagon 3.641 0.925 

3 Regular 

Hexagon 

3.722 1.000 

4 Square 4.000 1.217 

5 Equilateral 

triangle 

4.559 1.561 

6 Right Isosceles 

Triangle 

4.828 1.696 

 

Winding capacitance and skin effects are negligible at these 

frequencies. It is therefore important to derive the 

relationship among the three parameters and the resulting 

Ra, La, and sensitivity. Loop shape is usually chosen based 

on its ease of construction given a desired area. A variety of 
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common loop The constantc1is related to the geometry of 

the antenna and allows for a general expression of the length 

of each turn that is valid for any shape Antenna Turn Length 

shapes available are listed in Table I. The constantc1is 

related to the geometry of the antenna and allows for a 

general expression of the length of each turn that is valid for 

any shape Antenna Turn Length 

 
Graph gain between types of loop Inductive coil sensor 

 

aa AC                                                               (1) 

Using this expression, the antenna resistance for any shape is 
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Where ρ is the resistivity of the wire (for copper, 
810*72.1  Ωm), and is the diameter of the wire. 

Adapting from [6, pp. 49–53], the inductance for any loop 

antenna is 












 

2

1

1

27 ln1000.2 C
dN

AC
ACNL

a

a

aaa
      (3) 

Where C2is also a geometry-related constant and can be 

found in Table I for a variety of loop shapes. The two 

variables Ra and La form the total impedance of the antenna 

(Za) that is the source impedance seen by the first stage of 

the receiver 

aaa LjRZ   

)cos(2  BAfNjV aaa                                     (4) 

wherefis the frequency,Bis the magnetic flux density, and θ 

is the angle of the magnetic field from the axis of the loop. If 

theaxis of the loop is horizontal, the response pattern of the 

antennais a dipole in azimuth. In the following, we shall be 

concerned with the response of the loop to an appropriately 

oriented fieldand will omit the term cos(θ). Since a VLF 

receiving loop is very small compared to a wavelength (λ= 

1000Km at 300 Hz and 10 Km at 30 KHz), the radiation 

resistance of the loop is negligible compared to the wire 

resistanceRa. The minimum detectable signal is limited by 

the thermal noise of Ra. We define the sensitivity of the 

antennaSa as the field equivalent of the noise density, i.e., 

the amplitude of an incident wave which would give an 

output voltage equal to the thermal noise of Rain a 1-Hz 

bandwidth. Using (5), we can also design VLF and ELF 

Amplifier receiving loop very small compared to wave 

length as very small noise signal 0.1 to 3 Hz, we can express 

the sensitivity as Qa is sensitivity 
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The antenna sensitivitySa decreases with frequency (i.e,the 

antenna becomes more sensitive) at 1/f. It is convenient to 

define a frequency-independent quantity for comparing 

theperformances of different antennas. We define the 

normalized sensitivity as aa fqQ ˆ .UsingRain (2), we find 

an expression for the normalized sensitivity that depends 

only on the physicalparameters of the antenna  
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This expression for sensitivity can be used to find the 

number of turns, antenna area, and wire diameter required 

for a target sensitivity at a specific frequency. The effect of 

the resulting antenna resistance and impedance on the rest of 

the system is discussed in later sections. Further insight can 

be gained by recalculating this sensitivity as a function of the 

mass of the antenna. The mass of the wire used in the 

antenna can be calculated as 

aNdcK 2

1
4

1
                                           (7)  

Where K is Gaine where δ is the density of the wire. Solving 

this for aNd   and substituting into (7) produce 

normalized sensitivity 
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This interesting result shows that the only way to 

improvesensitivity with a given antenna material is to 

increase the total mass or area of the antenna. These 

receivers are usually placedin remote areas to reduce 

interference from power lines (at 60 Hz and harmonics); 

thus, this fundamental tradeoff means that the sensitivity 

must be balanced against practical limitations regarding 

weight and size. Since the Earth’s magnetic field lines that 

pass through these regions in the upper atmosphere cross the 

Earth’s surface at the poles, it is the only place that a ground-

based receiver can detect the ELF noise signals 0.1 to 3.0 Hz  

that follow these field lines [5],[6]. 

A Fabrication of design of an air coil sensor with tranformer 

is presented in Fig.2. The resultant area of a multilayer coil 

sensor can be determined by performing integration Relation 

(9) is of limited accuracy, therefore in practice it is better to 

determine the resultant area of the coil experimentally by 

means of calibration in a known field. For the sake of 

straightforwardness for further analysis of the sensitivity in 

this project, the area is determined by using a simplified 

formula obtained by assumption that the diameter of the coil 

is equal to mean value Dm= (D+Di)/2, thus 
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If we assume that flux density tobe measured is a sine wave 

b = Bm·sin(ω·t),  
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BDnfV ....*5.0 22                                    (12) 

where f is a frequency of the measured field, n and number 

of turns and diameter of the coil, respectively. Bis the 

measured flux  density. 

 
Figure.3: Typical design of an air coil sensor (l-length of the 

coil, D- diameter of the coil, Di- internal diameter 

of the coil, d –-diameter of the wire) 

 

Various publications discussed other geometrical factors of 

the air coil sensor. For instance, the optimum relation 

between the length and  the diameter of the coil can be 

determined taking into account the error  caused by 

inhomogeneous field. It was found [7], [8] that for l/D = 

0.866the undesirable components are eliminated at the center 

of the coil. This analysis was performed for the coil with one 

layer. For a multilayer coil this recommended relation is l/D 

= 0.67 - 0.866 (0.67  for  Di/D  = 0and 0.866 for Di/D= 1). 

The same source [9]  recommends Di/Dto be less than 0.3. It 

can be concluded from the analysis presented above that in 

order to obtain high sensitivity the air coil sensor should be 

very large. For instance, the induction coil magnetometer 

used for measurements of micropulsations of the Earth’s 

magnetic field in the bandwidth 0.001-10 Hz with resolution 

1 pT – 1 nT. The coil with diameter 2 m (16 000 turns of 

copper wire 0.125 mm in diameter) detected micropulsation 

of flux density in the bandwidth 0.004 – 10 Hz. For 1 pT 

field the output signal was about - 0.32 μV, whilst  thermal 

noise level was about 0.1 μV. The air coil sensor with 10 

000 turns and diameter 1 m was used to detect flux density 

of magnetic field in  pTrange (for magnetocardiograms) Coil 

sensors are sensitive only to the flux that is perpendicular to 

their apertures. Therefore, in order to determine all 

directional components of the magnetic field vector, three 

mutually perpendicular coils should be used Sensors with 

ferromagnetic coreare often used for magnetic investigations 

in space research [9], [10]. Devices with the length of core 

51 cm and the weight 75 g (including preamplifier) exhibited 

the resolution (noise level) 2 fT/√Hz [11]. In analysis of the 

space around the Earth (coil experiments) the following 

three-axis sensors have been used: coil 100 000 turns of 

0.036 mm in diameter, core made from nickel-iron alloy 27 

cm long and square (0.6 ×0.6 cm) cross-section . Each sensor 

weighted150 g (a half of the weight was the core weight). 

The sensitivity was 10 μV/nT Hz [12]. There are 

commercially available search coil sensors. 

 

4. Electronics Circuit Connected to the Colie 

Sensor  

The output signal of an induction coil is dependent on the 

derivative of the measured value (dB/dt or dI/dt in the case 

of Rogowski coil) one of the methods of recovering the 

original signal is by means of an integrating transducer 

 
Figure.4:  The integrating circuit for the coil  

 

The amplifier can introduce several limitations in the high 

frequency bandwidth. A passive integrating circuit (Fig.3) 

exhibits somewhat better performance in this bandwidth. 

Combinations of various methods of integration (active and 

passive) can be used for large bandwidth– as proposed in 

Problems with correct designing of a measuring system with 

integrating transducer are often overcome by applying low 

resistance loading of the coils (self-integration mode 

presented in Fig. 2). Usually, a current-to-voltage converter 

is used as an output transducer, sometimes additionally 

supported by a low-frequency correction circuit in using in 

filter in Fig.4. 
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Figure.5:  the band pass filter integrating circuits with 

amplifier 

The amplifier connected to the coil sensor introduces 

additional noise – voltage noise and current noise, as it is 

illustrated in Fig. 4. Each noise component is frequency 

dependent. Analysis of the coil sensor connected to the 

amplifier [13] indicates that for low frequency the thermal 

noise of the sensor dominates. The resonance frequency the 

amplifier noise dominates in Fig.5. For investigations of 

magnetic frequency gain in Fig.7 the author designed and 

constructed magnetometer consisting of an air coil sensor 

Fig.6 and amplifier/frequency correction system. Typically 

measuring instruments are equipped with several sensors 

with amplifier used in extremely low frequency sense. 
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Fig.5 resonance of amplifier results 

 
Figure.6: A typical response of a gradient coil sensor to the 

source distanced from the pickup coil 

 
Figure.7: Gain of signals response 

 

5. Conclusion  

 

This research paper is find extreme low frequency for noise 

signal for ferromagnetic effect or low frequency effect sense. 

The induction sensors used for the magnetic field 

measurements has been known for many years. The 

inductive antenna sensor is working for elf frequency sense 

and find All factors (number of turns, cross-section area) can 

be accurately determined and the dependence is excellently 

linear without upper limit (without saturation). The coil 

sensor also using in gain and electromagnetics frequency 

sense and find the value of current and power of signals. 

This band was situated deliberately to the frequency interval 

of 0.5 - 30 Hz. In the following works, it is necessary to 

optimize antenna sensor aperture size from the point of view 

of reasonable dimensions and to carry on set of 

measurements allowing detection of the human body 

imprisoned under the show avalanche it is rather difficult to 

miniaturize the induction coil sensors because their 

sensitivity depends on the sensor area (or the length of the 

core). Today, it is still in common use due to its important 

advantages: simplicity of operation and design, wide 

frequency bandwidth and large dynamics. The performance 

of the induction coil sensor can be precisely calculated.  The 

case of core coil sensor is more complicated, because the 

permeability depends on the magnetic field value and/or 

temperature. But if the core is correctly designed, then these 

in fluencies can be significantly reduced. Two methods are 

used for the output electronic circuit: the integrator circuit 

and the current to voltage transducer. Although digital 

integration techniques are developed and commonly used, 

the analogue techniques, especially current to voltage 

transducers, are often applied due to simplicity and good 

dynamics 
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