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Abstract 
 

      One of the seldom studied effects of mobile phone radiation is its impact on impulse 
transmission in nerve fibers. Effects could be; although unlikely, stimulation of a nerve pulse, 
change in depolarization threshold rest potentials, conduction velocity, and energy spectrum of the 
impulse. To study these effects, 3D electromagnetic field distributions inside a volumetric pixel 
model of a human were simulated with a GSM antenna in proximity of hand. The electric field and 
SAR distributions due to a radiating antenna 10 mm away from hand were calculated for 0.8 W and 
2 W peak pulsed GSM signals at 900 MHz. Maximum SAR in the hand was found to be 5.78 W/kg 
for 10 g average and 8.21 W/kg for 1g average. As the depth from skin surface increases, the 
probe readings can get as high as 20 mV and as low as 1 mV for 2-W peak-power transmission. 
Coupled signal voltage waveform along a myelinated nerve fibre was calculated and superimposed 
on nerve impulse at four different instances. Spectrums of the resulting impulse with and without 
GSM coupling were also compared to each other. The noise floor in the spectrum of the nerve 
impulse has increased due to presence of GSM signal.  
      It was observed that GSM-signal coupling could distort the shape and the spectrum of the nerve 
impulse, but it did not reach a level to trigger an impulse from its resting potential nor perturb the 
nerve conduction velocity if only the induced electrical force is considered. 
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 Introduction 

 
Information transmission plays a critical 

role in bio-systems. The transmission may occur 
through three processes: chemical process, 
physical movement of mass transport, and in the 
form of electromagnetic energy. Diffusion 
velocities of ions in a fluidic medium under the 
influence of electric field are known to be very 
slow. Thus, information transmitted chemically is 
rather local.1 Physical mass transport can convey 
information faster, but it requires more energy 
and heat removal, and needs transport medium 
for such transfer. Electromagnetic waves, on the 
other hand, move at much faster velocity and 
carry information even though it may be distorted 
depending on the medium of propagation. In a 

typical human nervous system, it is well known 
that the action potential is generated by ion flows 
in ion channels for a short duration. These 
transient ion flows create electrical pulses in the 
form of electromagnetic (EM) waves which 
propagate through the nerve fiber. Due to the 
wave nature of these pulses, physical movement 
or transport of charges is not required along the 
transmission path, which makes EM propagation 
for information transmission an optimal choice. 
However, EM waves, by their nature, are strongly 
influenced by the medium they propagate in and 
are susceptible to external signals.  
 When action potential in the form of 
electromagnetic wave moves along the 
myelinated nerve fiber, electric field created by 
external sources can couple to this wave and 
may perturb its shape in many different ways, 
which, in turn, may impact the information being 
transmitted. The strength of these external 
sources are usually limited and regulated by 
international standards.2 In the case of wireless 
communication devices operating in proximity to 
humans, specific absorption rate (SAR) is the 
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most utilized metric to limit the amount of 
electromagnetic energy being emitted by these 
devices. Specific absorption rate limits are 
generally deduced from maximum allowable 
temperature rise that human thermoregulatory 
system can compensate in any part of the body. 
As most living creatures possess highly 
complicated bio-systems, these effects are very 
difficult to be replicated in simulation models. 
Instead, in-vitro and ex-vitro experimental studies, 
mostly carried out on laboratory animals, guide 
our understanding of electromagnetic bio-effects, 
especially those due to cellular phone use which 
is widespread among all age groups.3-10 Due to 
an increased public concern on holding a cellular 
phone in close proximity to the head, people tend 
to hold phones in the hand and use an earpiece 
when they operate the phone. In such a scenario, 
radiated EM can easily couple to nerve fibers, 
which are abundant, at finger tips. One particular 
concern is the interaction of coupled EM wave 
with nervous system. Effect of low-level 
microwave radiation on nerve pulse conduction 
velocity has been studied on human subjects and 
no significant change was observed.11 

Our goal is to understand the amount of 
electromagnetic field coupled to a nerve fiber and 
its effect on the transmission of an impulse along 
myelinated nerves using 3D electromagnetic 
simulations on a precise human model. The 
mobile phone signal with a scaled duration is 
used in the simulations and the coupled mobile 
phone signal on the nerve fiber is superimposed 
on nerve impulse to study the changes in the 
pulse. 

    
Materials and methods 
 
A myelinated nerve fiber can be thought 

of two concentric layers with an axon surrounded 
by a myelin sheath residing in extracellular fluid 
as illustrated in Fig. 1. The axoplasma contains 
sub-cellular organelles and cytoskeleton 
structures which make its conductivity around 
0.909.12-13 Other electrical parameters were 
taken from.14-16  

Commercially available 3D 
electromagnetic field solver CST and a human 
voxel (volumetric pixel) model were used in the 
simulations.17 This particular simulation tool is 
based on finite integration technique (FIT) which 
is very similar to well-known finite-difference time 
domain (FDTD) technique, but FIT employs 

discretization on non-orthogonal grids using 
integral form of Maxwell's equations as opposed 
to differential forms. CST states that charge and 
energy conservation are preserved in FIT which 
leads to stable numerical results in time-domain. 
Volumetric human model which was formed 
using computerized tomography scans of a 
human was obtained from CST, and that model 
was used in the electric field and signal coupling 
simulations. The human voxel model is illustrated 
in Fig. 2. 
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Figure 1. Myelinated nerve fiber model. 
 
 

  
Figure 2. Human voxel model with all the 
electrical and mechanical parameters measured 
at 900 MHz. 
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The mobile phone was modeled as a 
resonant dipole antenna at 900 MHz in proximity 
to the left hand. When the distance of the phone 
to hand was varied from 10 mm to 30 mm, 
electric field distributions inside the body were 
calculated. A mylenited nerve was placed under 
the human skin at varying distances and the 
signal coupled to mylenited nerve was measured 
with a voltage probe whose tips were at the outer 
surface of the myelin sheath and on the axon. 
Myelinated nerve model is illustrated in Fig. 2 
and the electrical properties of the model 
parameters are detailed in Table 1. The length of 
the fiber between two consecutive Ranvier nodes 
was taken as 10 mm. The electric field couplings 
along axial and transverse directions were also 
calculated separately. The nerve pulse was 
modeled and coupled signal on nerve pulse was 
examined. The GSM signal was modeled with 
2W peak power. The duration of the GSM pulse 

was taken as 564s and the full period was 

4.615 ms. Therefore, average power was taken 
as 0.125 W with 1/8 duty cycle. The symbol rate 
of the signal was taken as 270.83 kHz. The 
duration of the GSM signal was too large for the 
simulations. Instead, one tenth scaled duration 
was used where the signal coupling reached 
steady state. Then, this response was enlarged 
to replicate the full duration of GSM signal. The 
shape of the nerve pulse together with the 
coupling signal was further analyzed in terms of 
threshold and resting potentials. 

 

Results 
 

The electric field distribution due to a 
radiating dipole antenna 10 mm away from the 
hand was calculated for 0.8 W and 2 W peak 
power levels at 900 MHz. SAR distribution in the 
hand for 10 g average is shown in Fig. 3. 

Maximum SAR value was found to be 
5.78 W/kg for 10 g average and 8.21 W/kg for 1g 
average. Electric field distributions for 2 W peak-
power are depicted in Fig. 4. Maximum electric 
field distribution along axial cut that goes through 
2 mm deep in the hand is 125.75 V/m and 210.64 
V/m for 0.8 W and 2 W peak-transmit powers, 
respectively.  

The electric field coupled to nerve fiber 
induced potential difference between the axon 
and myelin sheath and that potential levels were 
calculated for different nerve fiber depths from 
skin in hand. For 2 mm, 5 mm and 6 mm depths 

voltage probe calculations are shown in Fig. 5. 
As the depth from skin surface increases, the 
probe readings can get as high as 20 mV and as 
low as 1 mV for 2-W peak-power transmission.  

 

 
Figure 3. SAR distribution for 10 g average for 
an antenna 10 mm away from hand. 
 

 
  (a)     (b) 

Figure 4. Electric field distribution along, a) axial 
cut, b) transverse cut of the body. 

 
The duration of voltage probe readings 

are shorter than actual GSM signal as shorter 
time durations was needed to complete the 
simulations in a reasonable time. However, as 
evident from the results, the signal reaches a 
steady state value so that its level does not 
increase with longer pulses. Thus, current 
simulations indicate the highest level of signal 
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coupling to myelinated nerve fiber. We also 
changed the distance of the transmit antenna to 
hand from 10 mm to 15 mm and 20 mm, but 
similar effects were observed at different skin 
depths.  

 

 
(a) 

 
(b) 

 
(c) 
Figure 5. Voltage probe readings at a) 2 mm,  
b) 5 mm, c) 6 mm below skin. 
 

 
Figure 6. GSM signal (shown in bold) coupled to 
nerve potential at four different instances. 

Holding a mobile phone at hand can be 
best described by 10 mm away from the hand. 
When +/- 20 mV is added to the nerve pulse 
which has -70 mV resting potential and +35 mV 
peak potential, the resulting potentials at four 
different instances of GSM signal coupling are 
shown in Fig. 6.  

 

 
Figure 7. Power density spectrum of nerve 
pulse: a) without GSM signal, b) with GSM. 
signal. 
 

Coupled GSM signal was taken as 564 µs 
long. The energy spectrums of the nerve pulse 
with and without the GSM signal are displayed in 
Fig. 7. The spectrum component at zero 
frequency (DC), which corresponds to average 
value of the signal, did not change with GSM 
signal coupling simply because the average 
value of GSM signal is close to zero due to 
steady oscillations around null. However, the 



 

Journal of International Dental and Medical Research ISSN 1309-100X           Effect of Microwaves on Myelinated Nerve Impulses    
http://www.ektodermaldisplazi.com/journal.htm                                                                                                  Korkut Yegin, and et al 

 

  Volume ∙ 10 ∙ Number ∙ 1 ∙ 2017 

                            
Page 190 

presence of a GSM signal led to a very low level 
ringing after the energy density fell off around 5 
KHz, increasing the noise floor of the signal 
spectrum. Although not shown in Fig. 7, it is easy 
to notice that the GSM signal at 900 MHz would 
appear about 11 dB lower than the DC 
component. 

 
  Discussion 

 
 The effects of EM from cellular phones on 
humans and laboratory animals have been 
analyzed and discussed in many publications. 
Nonthermal effects of GSM signal and 
microwave radiation are clearly more difficult to 
assess due to complex and rather difficult 
modeling of a biosystem which consists of 
different interactions at cellular, tissue, and organ 
levels.18-21 Microwave radiation at 450 MHz was 
applied to young adults to study the effects on 
nerve pulse conduction velocity.11 It was reported 
that no statistically significant change was 
observed. But the field intensity used was very 
low resulting in a very low SAR level of 0.351 
W/kg in the skin. Other studies on nerve impulse 
conduction or recruitment mostly centered 
around selective recruitment of motor nerve 
fibers through external stimulus currents.22-24  
 Modeling of the myelinated nerve and 
nerve impulse propagation plays a crucial role in 
computational analysis of the nerve system. The 
axoplasma conductivity can be considered low 
for DC currents and high for EM waves which 
renders axon less favorable for transmission of 
signals. Instead, pulse propagation is believed to 
occur between axon membrane and myelin 
sheath. 1 Nevertheless, an empirical model of 
nerve conduction is often utilized by means of a 
cable model.25-26 This model can be further 
simplified such that each intermodal segment can 
be characterized with lumped impedance. 
Lumped element models are based on quasi-
static approximations.27 To render such simple 
approximations possible, the complex 
propagation constant k of an electromagnetic 
wave in uniform, isotropic medium can be 
thought as 

 1ok j  e s e 
   (1) 

where  , 
o , e , s , and j represent frequency, 

permeability of free space, permittivity, 
conductivity of medium, and complex imaginary 

number, respectively. At frequencies around 
several kHz, s e   is much greater than 1, and 

the medium can be considered good conductor. 
The corresponding phase shift 

(
of  s ) is very small. However, the medium 

can be hardly described as uniform and isotropic 
due to the presence of ions such as Na+, K+, and 
Cl-. At Ranvier nodes, these ions diffuse and 
create diffusion currents. In addition, bundled 
nerve or muscle tissues present uniaxial 
anisotropy, i.e. conductivity in transverse 
directions is different than longitudinal one. 
Although extracellular medium is homogenous, 
complex conductivity tensor can be used in field 
calculations. If the excitation frequency is at GSM 
frequencies, good conductor model of the 
myelinated nerve is no longer valid and most of 
the approximations on anisotropic model and 
diffusion currents must be revised. To study such 
effect, full wave propagation in the medium is 
essential through numerical solution of 3D 
Maxwell’s equations. 

The effects of GSM signal on nerve pulse 
propagation can be analyzed in terms of three 
aspects: 1) can the coupled GSM signal create a 
stimulus on the nerve system?, 2) does the 
coupled GSM signal alter in anyway the shape of 
the nerve pulse?, and 3) does the coupled GSM 
signal affect the conduction velocity of the 
existing nerve impulse or alter the electrical 
properties of the medium it propagates in? To 
answer these questions, we assumed that the 
mobile phone was in 10 mm proximity to the 
hand and axially polarized. Transverse 
polarization would induce lower voltage levels as 
most nerve fibres run along axial direction. To 
answer the first question, the GSM signal must 
couple approximately 105 mV to the nerve fibre 
to create a stimulus. This was not observed even 
in the most extreme signal coupling. Thus, GSM 
signals can hardly create a stimulus on their own 
when the mobile phone is operated in the hand. 
This is also consistent with the usual perception 
and in line with current studies of externally 
stimulated nerve pulses. 

However, coupled signal on a nerve pulse 
could indeed change the shape of the nerve 
pulse and even disturb the resting potential and 
peak threshold values. If we assume a GSM 
signal duration of approximately 0.5 ms and the 
nerve pulse about 4.5 ms duration, coupled 
signal can be anywhere on the nerve pulse. If it 
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coincides with the resting potential, it increases 
this value to a higher or lower value by +/- 20 mV. 
It may also coincide with the peak value of the 
pulse or may trigger an earlier threshold. The 
effects of these changes in impulse shape need 
further study to understand if they could cause 
substantial change in information transfer. In 
another perspective, it is obvious that the 
frequency domain representation of the impulse 
experiences significant changes at least at high 
frequencies. Coupled GSM signal does not 
perturb the spectrum (power spectrum density) of 
the nerve pulse below 5 KHz and its effect at this 
low end of the spectrum is minor, i.e. about 90 
dB lower than the DC component. However, it 
does certainly have a component at GSM 
frequencies with about 11 dB lower than its DC 
component. This possible effect at the central 
processing of the brain deserves further studies. 
Especially, the adaptation of the brain to 
environment noise in hearing is well known and 
this adaptation can be modeled in the frequency 
domain. A similar frequency domain processing 
may exist for other sensory mechanisms and 
change in frequency domain representation of 
nerve pulse due to GSM signal coupling may be 
ignored or trained in the brain. 

To answer the last question, maximum 
electric field values were found to be very low 
(2.1 V/cm) to cause any significant drift in ions 
that would drastically change the ion conduction 
or the form of the ion channels. However, it was 
claimed that even small amounts of microwave 
exposure which can be considered as 
nonthermal, might induce ultrasonic vibrations at 
the cell membrane, though at much larger 
frequencies than GSM.21 

We also noted that the symbol rate within 
the GSM burst was not a major factor, but the 
envelope of the signal was more influential in the 
electric field distribution and signal coupling.  

 
 Conclusions 
 

We observed that GSM signals coupled to 
myelinated never fibres were not strong enough 
to stimulate a nerve pulse, which was expected, 
but they could affect the nerve pulse shape and 
its frequency spectrum.  Especially, it leads to 
increased noise floor and appearance of GSM 
signal at much higher frequency than the nerve 
impulse.  Implications of such changes in 
frequency spectrum are unknown at present. 

Coupled signal was also not high enough 
to change the electrical properties of the medium 
if only electrical forces were considered. More 
studies are needed on this less-considered effect 
of GSM signals with human subjects where GSM 
signal coupling is synchronized with nerve pulse 
stimulation. 
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