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Abstract: This study investigates the dielectric properties of various biological tissues at microwave frequencies, specifically 

focusing on their dielectric constant, conductivity, resistivity, and loss tangent. Using methods such as Von Hippel’s and Yadav 

Gandhi’s techniques, the dielectric characteristics of heart, liver, brain, and muscle of chicken tissues were analysed at 9.4 GHz. 

It is found that tissues with higher water content exhibit greater dielectric constants and conductivities, while those with higher 

solid content, like liver, display higher resistivity. It has also been observed that tissues with lower dielectric constants and 

conductivities are those with greater absorption indices, which are typically associated with increased energy dissipation as heat. 

An increasing amount of energy dissipation may result from tissues with higher absorption rates being less effective at 

transferring microwave energy, as suggested by this inverse connection, which also emphasizes the complexity of 

electromagnetic wave interaction within tissues. This work provides critical insights into the interaction of electromagnetic waves 

with biological tissues, which is essential for applications in medical diagnostics, therapeutic technologies, and electromagnetic 

exposure safety standards. 
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I. INTRODUCTION 

Understanding the dielectric properties of biological systems is crucial for both determining safe exposure levels to electromagnetic 

radiation and utilizing it effectively in biomedical applications. Measuring the dielectric and emissivity properties of biological 

tissues is therefore vital in efforts to understand tissue interactions with electromagnetic energy. To further expand the use and 

potential applications of microwave energy, it is essential to consider the dielectric properties of tissues, which influence the 

absorption and propagation of electromagnetic energy through them. Consequently, by studying the dielectric constant, the 

properties of tissues in the microwave frequency range can be characterized.. Multiple studies [1][2] have proposed that the 

dielectric measurements of various biological tissues, which have differing water content (moisture), are likely to exhibit variations 

in their dielectric constants.  

Therefore, dielectric constant and emissivity are crucial parameters for predicting the behavior of biological tissues in the 

microwave range.[3][4] Microwave radiation spans frequencies from 300 MHz to 300 GHz. In mobile communication, frequencies 

such as 800 MHz, 900 MHz, 1800 MHz, and 2450 MHz are commonly used, all of which fall within the microwave spectrum. 

Electromagnetic waves at these high frequencies, emitted by mobile phone towers, interact with human body tissues. This 

interaction is a complex process influenced by various factors. 

In free space, electromagnetic waves are defined by their frequency, the intensity of the electric and magnetic fields along the 

direction of propagation, and polarization. High-frequency mobile phone waves generate fields with varying intensities at different 

locations. 

This results in a stronger field intensity near the towers. Extended use of mobile phones can also impact individuals due to 

resonance and the concentration of the field near the human brain.  
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A. Effects of Microwave 

 (a)Thermal effects: Thermal effects refer to the interactions that result from the heating of biological specimens, which can also be 

reproduced using standard heating methods. The physiological mechanisms underlying health effects related to mobile phone 

radiation are not yet fully understood. High-frequency radiation can cause an increase in the temperature of human body tissues, a 

phenomenon known as the thermal effect. This effect can potentially disrupt cell function and hinder their development [7]. Tissue 

damage in humans could occur if the body is unable to dissipate the excess heat. Organs like the testis and the eye are particularly 

susceptible due to limited blood flow, which hampers heat dissipation [8]. When a person uses a mobile phone, most of the heating 

effect occurs on the surface of the head, leading to a slight increase in temperature. This temperature rise is less significant than 

what is experienced when the head is exposed to direct sunlight. The brain's blood circulation helps to dissipate excess heat, but the 

human eye's cornea lacks a similar temperature regulation mechanism. Studies have shown that exposure to Specific Absorption 

Rate (SAR) values between 100-140 W/kg for 1–2 hours can cause cataracts in rabbits' eyes by raising temperatures to 

approximately 40°C [9].  

 

B. Non-thermal or Specific Effects 

Non-thermal effects arise from the direct interaction between the electromagnetic field of incoming microwave radiation and 

biological tissues. Researchers have used rabbit eyes to determine the threshold for cataract formation, finding that for continuous-

wave (CW) radiation, the threshold for long-term exposure in rabbits is around 100 mW/cm². Additionally, several instances of 

cataracts in humans due to microwave exposure have been documented at similar power density levels.  

 

C. Biological Effects 

1) Blood-Brain Barrier Effects: Researchers from Lan University in Sweden investigated the impact of microwave radiation on 

rats' brains and discovered albumin leakage into the brain through the blood-brain barrier [10-12]. This study was later 

confirmed by H. Allan et al. [17]. However, other research groups have not fully replicated these results in studies involving 

whole animals or in vitro cell experiments  

2) Effects on Male Fertility and Semen: The electromagnetic waves emitted by mobile phone handsets can impact not only the 

overall body but also specifically affect male reproductive organs. This includes effects on sperm function, motility, count, and 

morphology. Research often includes studies of Sertoli cells and Leydig cells, as well as examinations of the blood-testis barrier 

and pituitary gland in relation to mobile phone radiation [13, 14]. 

3) Risks to Pregnant Women and Children: Mobile phone radiation poses greater risks to children than adults, as children absorb 

more energy due to their smaller brain size, thinner skin and cranial bones, lower blood density, more elastic ears, and greater 

nerve cell conductivity. Damage to the eggs that form embryos can manifest as issues once the child reaches puberty [15]. The 

Russian National Committee on Non-Ionizing Radiation Protection advises limiting mobile phone use by pregnant women and 

children. Children who frequently use mobile phones may experience reduced attention, memory disruption, cognitive 

impairments, and increased irritability. Long-term risks include potential degeneration of brain structures and the development 

of depressive disorders [16]. 

4) Effects on Skin: Mobile phone and tower radiation impact human skin. People who frequently use mobile phone handsets have 

higher levels of Transthyretin protein compared to those who do not. This protein, produced in the liver, aids in transporting 

vitamin A throughout the body and is also linked to neurological conditions like Alzheimer’s [18]. 

5) Ear Damage and Tinnitus: Tinnitus, characterized by the sensation of hearing a mobile phone ringing or phantom sounds, is a 

psychological condition reported by millions of mobile phone users worldwide. Those with tinnitus may experience difficulties 

with hearing and sleeping. Prolonged use of mobile phones, particularly for more than four years or for extended periods 

exceeding 40 minutes daily, increases the risk of hearing loss [19]. This auditory effect is linked to exposure to high-energy 

microwave radiation. When the head absorbs microwave pulses, it generates a thermoelastic wave of acoustic pressure that 

travels through bone conduction to the inner ear [20]. 

6) Cell Phones May Weaken Bones: Researchers have measured bone density at the upper rims of the iliac wings in men who used 

mobile phones carried on their belts. The iliac wings are commonly used for bone grafting, so any reduction in bone density 

could necessitate reconstructive surgery. Therefore, it is advisable to keep mobile phones away from the body during daily 

activities [22].  
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D. Review of Biological effects 

In recent years, there has been a significant global increase in cell phone usage and heightened concern about its impact on human 

health. This concern centers on public exposure to radiation emitted by cell phones and the potential effects of radio frequency (RF) 

electromagnetic radiation on biological tissues, particularly the brain and immune system. Research has highlighted various possible 

health issues, including brain tumors, changes in blood-brain barrier permeability, sleep disturbances, cognitive impairments, DNA 

damage, immune system dysfunction, and stress reactions. Additionally, there is an increased rate of traffic accidents linked to 

mobile phone use while driving. The potential risks of electromagnetic field exposure were first brought to public attention in the 

late 1970s by a Colorado study [2], which suggested a possible connection between magnetic field exposure from power lines and 

the development of childhood leukemia. The amount of RF radiation from a cell phone typically depends on factors such as the 

number of nearby base stations, cell phone network traffic, and the distance from the base stations. The power emitted by a base 

station can vary between different phones in the same area due to interference from obstacles like buildings and trees [3]. While cell 

phones are engineered to operate below levels that cause known thermal effects, radio frequency radiation may still produce other 

types of biological effects. 

 
Fig2: SAR Effects 

 

In Figure 2[35], the distribution of Specific Absorption Rate (SAR) is depicted for an anatomical model of the human head placed 

near a 125 mW dipole antenna. The peak SAR observed is 9.5 W/kg over a 1 mg area, clearly illustrating the impact. Figure 2 

illustrates the SAR calculation (USAF/AFRL). Numerous research projects are currently investigating the effects of cell phone 

radiation on humans; however, there remains ongoing debate regarding safety. The cell phone industry argues that there is no 

scientific evidence linking electromagnetic radiation to harmful effects, while researchers report cellular damage from exposure to 

electromagnetic fields. These studies have demonstrated a notable increase in DNA damage in cells, which is not always fully 

repairable by the cells themselves[35]. 

II. ABOUT SAMPLE 

The sample for Investigation of the Dielectric Properties of biological tissues at Microwave Frequencies is taken as ‘Aseel or Asil’ 

breed of chicken birdThe Asil birds are mainly found in Andhra Pradesh, Orissa, Madhya Pradesh and also in Chhattisgarh states of 

India. The Asil birds are characterized by their hardiness and ability to thrive under adverse climatic conditions. Asil chickens do 

not do well in a cold climate and they usually prefer dry conditions. Hence due to particularly dry & warm conditions and own 

surviving capability, these birds are found here.  For measurement of parameters like dielectric constant, loss tangent, conductivity, 

resistivity, volume fraction of biological tissues from various organs i.e. brain, muscle, spleen, kidney, heart and liver of freshly 

battered chicken has been used. 

 
Fig:-Aseel Chicken Bird 
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A. Methodology Applied 

The sample for Investigation of the Dielectric Properties of biological tissues at Microwave Frequencies is taken as ‘Aseel or Asil’ 

breed of chicken bird, which is easily available in the climatic conditions of Ambikapur 23.1355° North to 83.1818° East, 

Chhattisgarh. The region experiences usually a warm and humid tropical climate with maximum temperature ranging from 10°C in 

winter to 45°C in summer seasons.We used only two method for measurement of dielectric properties of biological tissues which 

are:- 

(1)Von hipple’smethod  and  (2) Yadav Gandhi method 

 

1) Von hipple’s Method 

This method is also known as the shorted waveguide method, this technique involves the reflection of microwaves, which propagate 

in the TE10 mode and are incident normally on a dielectric sample placed against a perfectly reflecting surface. When an 

electromagnetic wave traveling through medium 1 strike normally on medium 2, a part of it is reflected and the rest is either 

absorbed or gets transmitted. A standing wave pattern is thus produced in medium 1[4]. The transverse electric field component in 

this partial reflection case is given by 
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If 
0

X be the position of the first minimum (from the surface of the dielectric) where the incident and reflected waves combine out 

of phase, i.e. at a phase difference of π, we obtain  
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If medium (2) is terminated in a short circuit, the input impedance at the interface x=0 is given by 
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For rectangular waveguides, the propagation constant )(
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Where ε and μ are the absolute permittivity and permeability of the dielectric medium respectively. If 
0
 and 

0
 are the values of 

these quantities for free space, then these can be related as 
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On using above mentioned three equations, equation 
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Where 
o
 is the free space wavelength and 

c
 is the cut-off wavelength 
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If 
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  are the attenuation constant and phase factor for the dielectric medium then 
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Thus above two equations may be used for determining dielectric constant and loss factor for both low and high loss dielectric 

materials[4]. 

 

2) Yadav Gandhi Method 

This method is used for the samples in powder form. This method is a combination of the method of Dube and Natrajan (1974) and 

the method employed for polar liquids in dilute solutions of non–polar solvents, employing a slotted waveguide and a short 

circuiting plunger used by Heston et al (1950). This method has been successfully studied by Srivastava and Vishwakarma (2004) 

for study of dielectric properties of Bauxite, by Gupta and Jangid (2008) for dielectric properties of soil and by Sharma et al.(2010) 

for determination of dielectric properties of wheat in powder form. When a rectangular waveguide filled with a dielectric material of 

complex permittivity ε* is excited in TEmn or TMmn mode, the propagation constant γd of the electromagnetic waves through the 
dielectric can be written as (Yadav and Gandhi,1992)[3] 
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Here 
d

 and 
d

  are the attenuation and phase shift introduced by unit length of the material, measured respectively in Nepers/m 

and radians/m; 
0
  represents the wavelength of electromagnetic waves in free space and 

c
  is the cut off wavelength of the 

waveguide. 

Substituting   j
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  in above Eq. and separating real and imaginary parts, we obtain 
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The food grains are known to appreciably absorb electromagnetic radiation at microwave frequencies, as evidenced from the fact 

that the domestic microwave ovens operate at 2.45 GHz. In the present investigations equations (3.48) and (3.49) are used for 

finding out dielectric properties of the biological tissues. The main quantities to be measured experimentally are αd and βd for the 

samples for which ε' and ε" values are to be determined.  
 

 
Fig. 3.1: Experimental set up for measurement of dielectric properties of powders by Yadav and Gandhi method.[3] 

 

3) Symbolic Meanings of Numerals used in the Figure are as Given Below 

 

1 Power supply 9 Mica window 

2 Microwave oscillator 10  Sample holder 

3 Isolator 11  Moveable plunger 

4 Frequency meter 12 Water circulating jacket 

5  E-H tuner 13 Screw guage for plunger movement 

6  Variable attenuator 14  Tuning probe 

7 Slotted waveguide section 15 Crystal detector 

8  E-band 16  Indicating meter 
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4) Measurement of d


 

The experimental arrangement is shown schematically in Fig.3.1. Microwave power obtained from a microwave source, viz. 

Klystron tube or Gunn Oscillator, is allowed to form standing waves in the slotted waveguide section after being reflected from the 

short circuiting plunger in the dielectric cell, which is initially kept at its lowest position in the cell. The probe in the slotted 

waveguide section is accurately adjusted at the node of the standing waves, as adjudged by the position of the minima in the 

indicating meter. Now a small quantity of food grain powder is introduced in the dielectric cell and the plunger is brought over it by 

moving the micrometer screw till a proper contact is established. The height h of the powder in the dielectric cell is determined from 

the difference of readings on the scale of micrometer screw taken with and without food powder in the cell. The position of minima 

in the slotted section shifts either towards the receiver or towards the generator on introducing the powder in the cell. The shift is 

towards the receiver when h < ( d
 /4) and towards the generator when ( d

 /4) < h < ( d
 /2). If 1

h  and 2
h  are two heights of the 

powder column in the cell for which equal shift of minima position is obtained towards the receiver and the generator respectively, 

then 
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Combining above equations 
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Alternatively, we may go on adding slowly the powder in the dielectric cell till for a height h of the powder in the cell, the position 

of minima in the slotted section is the same as for the empty cell. For this position  
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Above equation permits us to directly determine the value of d
 . 

 

5) 
Measurement of d


 

Let 1
E and 2

E be the amplitudes of the incident and reflected fields respectively forming standing waves in the slotted guide 

carrying the probe. Assuming no loss in reflection, ir
EE   with no sample in the sample holder, if the movable probe is located 

at maximum position and the indicating meter gives a deflection of 1
x  units, we may write 

1
xEE
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 On introducing the sample of length L in the sample holder and locating the movable probe at the resulting maximum position, the 

output shown by the indicating meter will change to 1
x  units due to partial absorption of the e.m. waves. The absorption takes 
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place twice, once when the incident wave travels through the sample and again when the reflected wave travels through it. 

Therefore, r
E  becomes 

L
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eEE

2
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Again at the maximum, we have  
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 From above mentioned two equations, we have 
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For measuring d
 we start with the empty cell, the plunger being kept at the bottom of the cell. The probe is located at one of the 

maximas i.e., at the position of a voltage antinode in the waveguide slotted section, and reading 1
x  of the indicating meter is noted. 

The powder (flour of the food stuff in the present case) is now added slowly in the dielectric cell and position of the maxima in the 

slotted section is noted every time from the indicating meter. The height of the powder column in the dielectric cell (h') is accurately 

adjusted so that the probe position locating the maxima in the slotted section is again the same as with the empty cell. The deflection 

2
x  of the indicating meter in this state, for such height h' of the powder column, is noted. In this experiment the electromagnetic 

waves travel twice through the powder column in the cell before they form stationary waves in the slotted waveguide section, after 

being reflected from the plunger of the dielectric cell. For obtaining appreciable absorption of the wave, height of the powder 

column in the cell is taken equivalent to several d
 The value of the d

 is then calculated using last equation . 

 

III. RESULT & DISSCUSSIONS 

The results obtained on the measurement of various parameters viz dielectric constant, Conductivity, resistivity and loss tangent for 

all important biological organs viz heart, spleen, kidney, muscle, brain, liver, of chicken bird at a frequency range 9.4 GHz, along 

with the  variation of frequency are listed in table below. 

 

Table for measured values 

S.NO TISSUES CHICKEN TISSUES DATA 

  Dielectric 

permittivity 

Conductivity Loss 

tangent  

Resistivity Index of 

absorption 

Volume 

fraction 

   1 Liquid cell 62-56 9.68 0.56 0.10 0.10 0.41 

  2 Brain cell 59-57 9.17 0.51 0.10 0.09 0.43 

  3 Stomach 58-56 8.70 0.44 0.11 0.07 0.44 

  4 Muscle 34.1-33.8 7.50 0.40 0.13 0.05 0.73 

  5  Spleen 33.2-32.7 6.68 0.43 0.14 0.06 0.74 

  6  Kidney 31.1-29.05 5.95 0.42 0.16 0.06 0.76 

  7 Heart 29.3-28.3 5.43 0.41 0.18 0.05 0.78 

  8 Liver 22.4-21.2 4.49 0.39 0.22 0.05 0.84 

 

The data indicates that the dielectric properties of tissues are heavily dependent on their water content, with tissues rich in water 

displaying higher dielectric constants, conductivity, and loss tangent, and lower resistivity. Conversely, tissues with higher solid 

content, such as the liver, show the opposite trend. These findings are crucial for understanding how electromagnetic waves interact 

with different biological tissues, with significant implications for medical diagnostics, therapeutic technologies, and safety standards 

regarding electromagnetic exposure.  
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The variation of dielectric permittivity and conductivity with tissues solid content, the Variation of dielectric constant & 

conductivity with index of absorption of tissue, the Variation of loss tangent & resistivity with tissues solid content and the 

Variation of loss tangent & resistivity with Index of absorption of tissue at 9.4GHz are plotted in fig 1,2,3,4 respectively. 

The findings are summarized and discussed in relation to the four graphs presented: 

 

A. Variation of Dielectric Permittivity and Conductivity with Tissue Solid Content  

The analysis reveals a negative correlation between dielectric permittivity and conductivity with the solid content of tissues. Tissues 

with higher water content, such as the brain and liquid cells, exhibited higher dielectric permittivity and conductivity. This is 

consistent with the fact that water, a highly polar molecule, enhances the dielectric response and conductivity of tissues. Conversely, 

tissues with higher solid content, like the liver, demonstrated lower dielectric permittivity and conductivity. This trend indicates that 

the dielectric properties of tissues are significantly influenced by their water content, which is a critical factor in the interaction of 

microwave radiation with biological tissues. 

 
Fig1:- Relation between Dielectric Permittivity & Volume Faction 

 

B. Variation of Dielectric Constant and Conductivity with the Index of Absorption 

The dielectric constant and conductivity decrease as the index of absorption increases. This suggests that tissues with a higher 

absorption index, which generally corresponds to higher energy dissipation in the form of heat, have lower dielectric constants and 

conductivities. This inverse relationship highlights the complexity of electromagnetic wave interaction within tissues and suggests 

that tissues with higher absorption rates may be less efficient at transmitting microwave energy, leading to increased energy 

dissipation. 

 
Fig2:- Relation between Dielectric Permittivity-Volume Faction & Index of Absorption 
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This also clears that as the index of absorption rises, the conductivity and dielectric constant fall. This indicates that tissues with 

lower dielectric constants and conductivities are those with greater absorption indices, which are typically associated with increased 

energy dissipation as heat. An increasing amount of energy dissipation may result from tissues with higher absorption rates being 

less effective at transferring microwave energy, as suggested by this inverse connection, which also emphasizes the complexity of 

electromagnetic wave interaction within tissues. 

 

C. Variation of Loss Tangent and Resistivity with Tissue Solid Content 

The loss tangent, which represents the energy lost as heat in the tissue, decreases with increasing solid content, while resistivity 

increases. Tissues with higher solid content, such as the liver and spleen, exhibit higher resistivity, indicating a reduced ability to 

conduct electric current. This trend reinforces the understanding that tissues with lower water content are less conductive and more 

resistant to microwave energy, thereby reducing energy dissipation. 

 
Fig3:- Relation between Resistivity- Loss tangent & Volume Faction 

 

Which concludes Resistance rises as solid content increases, while the loss tangent—which shows the energy lost as heat in the 

tissue—decreases. Higher resistivity indicates a decreased capacity to conduct electric current in tissues with a higher solid content, 

such as the liver and spleen. The knowledge that tissues with reduced water content dissipate less energy because they are less 

conductive and more resistive to microwave energy is supported by this trend. 

 

D. Variation of Loss Tangent and Resistivity with the Index of Absorption 

As the index of absorption decreases, both the loss tangent and resistivity increase. This suggests that tissues with lower absorption 

indices (i.e., those that absorb less energy) are more resistive and lose less energy as heat. This relationship further supports the 

notion that water content and solid content significantly influence the electromagnetic properties of tissues, particularly in how they 

absorb and dissipate energy at microwave frequencies. 

 
Fig4:- Relation between Relation between Resistivity- Loss tangent & Index of Absorption 
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 The volume fraction of the solid content in the tissues P is calculated by assuming that the tissues are electrically equivalent to a 

suspension of low permittivity non-conducting sphere in water, using maxwell’s theory  
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  is dielectric constant of tissue 
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  is dielectric constant of water =80 

The value of dielectric constant at 9.4GHz was used for calculation 

 The index of absorption k is determinedby using following relation, provided the value of dielectric constant known, given by 
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Where tan is loss tangent. 

 

Upon examining Figures 1 and 2, it is evident that as the solid content of tissue grows at 9.4GHz, dielectric permittivity, 

conductivity, and loss tangent drop, while resistance increases. As the index of absorption decreases, we can see from figures 2 and 

4 that the resistivity increases while the dielectric permittivity, conductivity, and loss tangent decrease. Alternatively, we can draw 

the opposite conclusion: at 9.4GHz, the dielectric permittivity, conductivity, and loss tangent all rise as the absorption index does. 

Consequently, it is evident that the water content of tissues affects how those tissues behave when exposed to microwave radiation. 

In light of this, it may be said that, in contrast to high solid content tissues like liver, high water content tissues, such as liquid cells 

or brain, have high dielectric constants, high conductivities, and small resistivities. 

 

IV. CONCLUSION 

In order to better understand how different biological tissues interact with electromagnetic waves, we investigated their dielectric 

characteristics at a microwave frequency of 9.4 GHz in this work. We examined important characteristics including the dielectric 

constant, conductivity, resistivity, and loss tangent in a variety of tissue types, including chicken tissues such as the heart, liver, 

brain, and muscles, using the Von Hippel and Yadav-Gandhi methods. According to our research, there is a direct relationship 

between a tissue's water content and its dielectric characteristics. Higher water content results in higher dielectric constants and 

conductivities as well as lower resistivity. On the other hand, tissues like the liver that contain more solid matter have lower 

dielectric constants and higher resistance. These findings have implications for therapeutic technology, medical diagnostics, and the 

development of electromagnetic exposure safety guidelines. The employed approaches yielded a thorough comprehension of how 

the composition of tissue influences its reaction to microwave frequencies, underscoring the possibility of optimizing microwave-

based technologies for use in safety and medical applications. 
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