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Abstract: - Due to the rapid growth in the use of wireless communication systems, there has been a recent 
increase in public concern regarding the exposure of humans to Radio Frequency (RF) electromagnetic 

radiation. This is particularly evident in the case of mobile phone handsets. The scientists found some evidence 

of increase in glioma and acoustic neuroma brain cancer for mobile phone users. Mobile phone is operating at 

high frequencies to transmit and receive signals. With a distance of within 1cm from a user‟s head, mobile 

phones can radiate radio frequency (RF) signals. Radiation from cell phone is defined by its Specific Absorption 

Rate (SAR) value. In India, SAR limit for cell phones is 1.6W/Kg. which is actually for 6 minutes per day use. 

In this paper, we calculated transmitted power from mobile phone with spectrum analyzer and also evaluated 
absorption of Electromagnetic Radiation from Mobile Phones by outer layers (skin and bone) of human head. 
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I. INTRODUCTION 
Mobile phone technology has several advantages and has grown rapidly in the last decade. There are 

6.8 billion mobile subscribers‟ worldwide, estimates the International Telecommunication Union  (February, 

2013) [1]. This is equivalent to 97 percent of the world population (7.1 billion according to ITU). China and 

India are major contributors of mobile population in the world. In china, there are nearly 1.2 billion mobile 

subscribers. In India, there are nearly 1.1 billion mobile subscribers (as per TRAI October, 2013 data) [2] means 

90.4percent of total population in India. 
Due to this rapid growth in the use of mobile phones, in public concern regarding the exposure of 

Radio Frequency (RF) electromagnetic radiation onto the human head is unsafe. It is broadly accepted that 

mobile phones cause heating of the human organ exposed to their radiation and specifically the human head. 

Therefore, many countries have provided various guidelines and standards that specify safety levels for such 

exposure to RF radiation. The National Radiological Protection Board (NRPB) in UK and the International 

Commission on Non-Ionizing Radiation Protection (ICNIRP) [3] in Europe has also published guidelines which 

generally follow published standards such as Institute of Electrical and Electronics Engineers (IEEE) [4].  

  The SAR limit of the European Standard will he used as a safety guideline for mobile phones. The 

European standards for testing mobile phones, EN50360: 2001 and EN50361: 2001 were published in July 

2001. They specify the compliance of mobile phones. With the basic restrictions and the measurement methods 

of SAR related to human exposure to electromagnetic fields in the range 300MHz to 3GHz. The Specific 

Absorption Rate (SAR), used in the assessment of mobile phone handsets, is a measure of the amount of 
electromagnetic energy absorbed by biological tissue, particularly in the human body. For example, the SAR 

limit specified in IEEE C95.1: 1999 is 1.6 W/kg in a 1g averaging mass while that specified in ICNIRP 

guidelines is 2 W/kg in a l0g averaging mass. This means that actually for 6 minutes per day use. It has a safety 

margin of 3 to 4, so a person should not use cell phone for more than 18 to 24 minutes per day.  

Majority of the people have reported that if they use cell phones for more than 20 minutes, their ear 

lobes get warm, which is due to heating of blood by microwave energy of cell phones. The problem starts with a 

pain in the ear that gradually develops into tinnitus or a ringing sensation which finally leads to hearing loss and 

ear tumor. Also, overuse of cell phones leads to drying of the skin and fluid in the eyes, sleep disorder, lack of 

concentration, memory loss, and even cancer.  

The induced SAR of an RF transmitting device is obtained by measuring the electric field in simulated human 

tissue in close proximity to the device, and is calculated by the formula 
 

SAR =
σE i

2

ρ
                         (1) 

Where Ei: rms value of the electric field strength in the tissue V/m; 

σ: conductivity of body tissue in S/m; 

ρ: density of body tissue in kg/m3. 
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Table1: Mobile operating frequencies 

Network Uplink Frequencies Downlink Frequencies 

CDMA 824 849 869 894 

GSM900 890 915 935 960 

GSM1800 1710 1785 1805 1880 

3G 1920 1980 2110 2170 

 

In India, there are 2G main types of cellular phone system: CDMA, GSM900, GSMl800, 3G. These 

operating frequencies are as shown in table 1.When a human body is exposed to the electromagnetic radiation, it 

absorbs radiation, because human body consists of 70% liquid. It is similar to that of cooking in the microwave 

oven where the water in the food content is heated first. Microwave absorption effect is much more significant 

by the body parts, which contain more fluid (water, blood, etc.), like the brain which consists of about 90% 

water. Effect is more pronounced where the movement of the fluid is less, for example, eyes, brain, joints, heart, 

abdomen, etc. Also, human height is much greater than the wavelength of the cell tower transmitting 

frequencies, so there are multiple resonances in the body, which creates localized heating inside the body. This 

results in boils, drying up of the fluids around eyes, brain, joints, heart, abdomen, etc. 

Products are available for SAR reductions which add external shields to mobile phones, particularly 
near the ear-piece of the handsets. Materials, such as conductive mesh, conductive fabric, and conductive foam 

are now available and have been displayed in recent EMC exhibitions. These materials could also be applied to 

reduce the SAR of mobile phone handsets. Over the years, lots of attentions have been paid to the analysis of 

SAR in human head due to the complexity and large scale involved in this kind of problems [5-10]. Recently, 

research efforts have been devoted to the reduction of peak SAR in human head for handset applications.  

 

II. MEASUREMENT OF RADIATION FROM MOBILES 
1. In this paper, we are calculating the transmitted powers of different mobiles with different operators using 

spectrum analyzer kit [11]. The tools we used to know the Transmitted power from mobile are spectrum 
analyzer, preamplifier, ANT-01 Probe and BNC Cable. 

2. The Fig 1 shows the Main tool of EMI diagnostic package and Fig 2 shows the spectrum Analyzer. The 

Connections of Spectrum Analyzer with different EMI probes used to measure radiated electric and magnetic 

fields from mobile phones is shown in fig. 3.  

 
Fig.1 The main tool of EMI diagnostic package 

 
Fig. 2 The typical 3GHz Spectrum Analyzer 

 
Fig.3 BNC probe Connections is well-posed with RF 

cable and loop probes ANT-01, ANT-02 and ANT-03 
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3. The radiated powers of different mobiles are measured using above equipment when mobile is in active state 

(Outgoing call or Incoming call). 

4. The readings are taken from spectrum analyzer of different mobiles with different operators as listed in Table 

2. In Table 2, „Tx‟ is related to when mobile is in dialing Mode and „Rx‟ is related to When mobile is in 

receiving mode. 

 

Table 2: The Readings of Spectrum Analyzer 

S.N

o  OPERATOR 
FREQUENC

Y (MHz) MOBILE 

Tx/

Rx 
POWER 

(dBm)  

1  AIRTEL 894 SAMSUNG-GTE3213K Tx -39.7 

2  AIRTEL 894 SAMSUNG-GTE3213K Rx -33.7 

3  BSNL 906 SAMSUNG-GTS5360 Tx -36.6 

4  BSNL 906 SAMSUNG-GTS5360 Rx -32.6 

5  VODAFONE 1782 NOKIA-X3 Tx -34.5 

6  AIRTEL 894 SONY-XPERIA Tx -44.7 

7  AIRTEL 894 SONY-XPERIA Rx -44.3 

8  AIRTEL 905 SAMSUNG-GTE3213K Rx -21.8 

9  AIRTEL 898.6 SAMSUNG-GTE3213K Tx -25.6 

10  VODAFONE 1780 NOKIA-1600 Rx -29.5 

11  VODAFONE 1782 NOKIA-1600 Tx -29.9 

12  BSNL 916 SAMSUNG-GTS5360 Rx -22.4 

13  BSNL 902 SAMSUNG-GTS5360 Tx -25 

14  VODAFONE 1779.2 SAMSUNG-GTE3213K Rx -20.2 

15  VODAFONE 1782.6 SAMSUNG-GTE3213K Tx -26.2 

16  AIRTEL 902 NOKIA-1600 Rx -24.4 

17  AIRTEL 905 NOKIA-1600 Tx -12.2 

18  AIRTEL 905.4 SAMSUNG-GALAXY GRAND Rx -25.8 

19  AIRTEL 902 SAMSUNG-GALAXY GRAND Tx -20 

 

III. MEASUREMENT OF ABSORPTION POWER OF HUMAN HEAD 
 The Absorption power of human head to be calculated by calculating the shielding effectiveness of the 

human head. For this calculation, we consider human head as a two layer laminated shield as shown in figure 5. 

Here we assume skin and bone are two layers and have thickness of 0.5cm. 

 

Table 3: Dielectric Properties of Human Tissues, R.P= Relative permittivity 

S.No 
Frequency 

[MHz] 

Skin Dry Bone Cortical Brain White Matter 

Conductivity 

(σ) [S/m] 

R.P 

(ε) 

Conductivity 

(σ) [S/m] 

R.P 

(ε) 

Conductivity 

(σ) [S/m] 

R.P 

(ε) 

1.  800 0.83361 41.978 0.13161 12.552 0.56067 39.251 

2.  850 0.85021 41.676 0.13738 12.502 0.57562 39.06 

3.  900 0.86674 41.405 0.14331 12.454 0.59079 38.886 

4.  950 0.88325 41.16 0.14941 12.408 0.60622 38.726 

5.  1000 0.89977 40.936 0.15566 12.363 0.6219 38.577 

6.  1050 0.91635 40.731 0.16207 12.321 0.63787 38.439 

7.  1100 0.933 40.543 0.16863 12.279 0.65412 38.309 

8.  1150 0.94976 40.369 0.17535 12.239 0.67066 38.187 

9.  1200 0.96665 40.208 0.18221 12.2 0.68751 38.072 

10.  1250 0.98369 40.057 0.18922 12.162 0.70468 37.963 

11.  1300 1.0009 39.917 0.19638 12.124 0.72215 37.859 

12.  1350 1.0183 39.785 0.20368 12.087 0.73995 37.76 

13.  1400 1.0359 39.661 0.21111 12.051 0.75807 37.665 

14.  1450 1.0536 39.544 0.21868 12.016 0.77652 37.573 

15.  1500 1.0716 39.433 0.22638 11.981 0.7953 37.485 

16.  1550 1.0899 39.328 0.23421 11.947 0.81441 37.4 

17.  1600 1.1083 39.228 0.24217 11.913 0.83385 37.318 

18.  1650 1.127 39.133 0.25025 11.879 0.85362 37.238 

19.  1700 1.146 39.042 0.25846 11.846 0.87373 37.16 
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20.  1750 1.1652 38.955 0.26678 11.813 0.89417 37.085 

21.  1800 1.1847 38.872 0.27522 11.781 0.91494 37.011 

22.  1850 1.2045 38.792 0.28377 11.748 0.93605 36.939 

23.  1900 1.2245 38.714 0.29243 11.716 0.95748 36.868 

24.  1950 1.2448 38.64 0.3012 11.685 0.97926 36.799 

25.  2000 1.2654 38.568 0.31007 11.654 1.0014 36.732 

 

To calculate the intrinsic impedance (η), Propagation constant (γ), Wave impedance in electric field 

(ZE), absorbed power (A), dielectric properties of skin, bone and Brain white matter are needed. From reference 

[12], we got the dielectric values like Permittivity (εr), Conductivity (σ) and Permeability (μ) of skin, bone and 

brain white matter are shown in Table 3. These dielectric values are varying according to the frequency of 

operation of mobiles but mass density (ρ) is not varying. Using of these values and shielding equations [13] as 

mentioned below we calculated the absorbing power of skin at different frequencies of mobile operation. 

 𝜂 =  
jw μ

σ
=  1 + j  

πμf

σ
=  

2π∗4π∗10−7∗f

𝜎
= 2π ∗  

f

5σ
    („f‟ is in MHz)     (2) 

𝛾 =  jwμσ =  1 + j  πμfσ =  2π ∗ 4π ∗ 10−7 ∗ f ∗ σ = 2π 0.2fσ     (3) 

ZE =
η0λ0

2πr
=

η0c

2πfr
=

1800000

f(MHz )
= ZW   („r‟ is distance between mobile and ear, i.e 1cm)   (4) 

In equation 4, „r‟ is the distance from mobile to skin considers it as 1cm, „η0‟ free space intrinsic impedance is 

120π, „c‟ is light velocity 3*10
8 

m/s. 

 
Fig.4 Human head model for SAR calculation. 

 

From the shielding concept we got equations for two layer laminated shield. The total transmission coefficient 

of radiated wave in human skin and bone is given by [14-16] 

 

T = p[ 1 − q1e−2γs l1  1 − q2e−2γb l2 ]−1e−γs l1−γb l2                 (5) 

and here, 

P =
8Zw  ηs ηb

(Zw + ηs )(ηs +ηb )( ηb +ηf )
          (6) 

  

q1 =
(ηs−Zw )[ηs−Z l1 ]

(ηs +Zw )[ηs +Z l1 ]
          (7) 

 

q2 =
(ηb−ηs )[ηb−ηf ]

(ηb +ηs )[ηb +ηf ]
           (8)  

  

Z l1 = η
b

(ηf cosh γb l2 +ηb sinh γb l2)

(ηb cosh γb l2+ηf sinh γb l2)
         (9) 

 

ηs, ηb, ηf are Characteristic impedances of skin, bone and flesh respectively. 

 γs, γb, γf are propagation constants of wave in skin, bone and flesh of human body respectively.  
l1, l2 are thickness of skin and bone i.e equal to 0.5cm. 

Zw is wave impedance, we can calculate it from equation 4. 

and the shielding effectiveness is expressed as 

S = −20log10 T = A + R + B          (10) 
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The absorption loss of the laminated shield (skin and bone) is simply the sum of those for the two layers of the 

shield and is given by 

A = 20log10 e
γs l1+γb l2            (11) 

The corresponding reflection loss is 

R = −20log10 P            (12) 

The sum of the reflection losses at each interface. The correction term due to successive re-reflection is 

𝐵 = 20log10 1 − q1e−2γs l1  + 20log10 1 − q2e−2γb l2        (13) 

This is not simply the sum of correction factors for the individual lamina since q1 and q2 involves the impedance 

looking into the second sheet. 

 

IV. RESULTS 
With the use of MATLAB software, if we plot the equations with respect to frequency resultant graphs 

are obtained as shown in below figures. From the Fig.5,it is observed that the shielding effectiveness of two 

layers i.e. skin and bone of human head incresed with the increase in operating  frequency of mobile. It is 

obtained that from Fig.6, the absorbed power increases with increase in frequency and it will be a problem to 

skin and bone. From Fig.7, we have observd that the reflected power of two layers skin and bone of human head 
is decreases whenever frequency of operation increased. The reflected power varies from -53.6 dB to -54.5 dB. 

The comparision of shielding effectiveness, Absorbed power and Reflected power with respect to frequency is 

represented in Fig. 8. 

 

With this analysis, we evaluated the power absorbed by skin and bone structure of our head and from this we 

estimate how much power can be entered into the flesh of human brain. 

 
Fig.5 Variation of SE at two layers  

of skin and bone against frequency  

 

 
Fig.7 Variation of Reflected power at two layers  

of skin and bone against frequency 

 
Fig.6 Variation of Absorbed power at two layers  

of skin and bone against frequency  

 

 
Fig. 8 Variation of SE, Absorption loss and 

reflection loss at two layers skin and bone 

against frequency  

 

V. CONCLUSION 
In this paper, we have calculated how much power is transmitted from various mobiles which are operated at 
different frequencies. Then we calculated how much power is absorbed, reflected by skin and bone using 

shielding technology when we are using mobile phones. Since the cells of skin will be dry, this absorbed power 

will cause skin diseases.   
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From these results, we can conclude that 3G mobiles produce more radiation as compared to 2G mobiles. Based 

on this analysis, the radiation intensity levels on human head will be reduced to the permissible levels. This 

method will lead to select suitable shield material for mobile frequency range.  
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