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Optical fibers are exposed along their path in some areas to alignment or intersection
with electric power transmission lines. A magnetic field is generated around electric
waves in the form of rings. The magnetic field affects the optical signal transmitted
through the optical fiber through the Kerr and Faraday phenomena. The main problem
that the research addressed is the study of the effect of the magnetic field generated by
the electric power transmission wires adjacent to parts of the optical network. The
research methodology includes designing the basic network, identifying its parts, then
simulating the effect of adding the magnetic field by using phase rotation and comparing
the performance of the network with the presence and absence of the effect of the
magnetic field. A proposed network was designed using OptiSystem7 for a fiber optic
network. This research aims to propose and simulate a fiber-optic network by taking
advantage of the aforementioned multiple properties to connect two sites of Mosul
University. The magnetic field effect on the properties of the optical signal is studied in
terms of maximum Q-factor (6.58649), bit error rate (1.626x<10%), and other
parameters. The results indicate, through the values of the signal quality factor, bit error
rate, and other factors, that there is a slight effect of the magnetic field on the optical
signal, which is almost negligible within the limits of current frequencies, but it may be
a limiting factor for the optical network in light of future frequencies.

1. INTRODUCTION

Optical fibers are considered a fast data transmission
method at the present time, while providing bandwidth, and
with increasing bandwidth, wire prices rise and the cost is only
in the process of building the network, as it is less susceptible
to damage in the long run, and it is also a safe way to transmit
data, as it is difficult to click on glass with a diameter of less
than 1 mm without interrupting the communication channel,
and it is also less vulnerable to theft because it is not of
material value like copper wire, it is light in weight and does
not carry current, which means that it does not pose a fire risk
[1-3].

The two ends of the optical network are located across the
two sides of the Tigris River in the city of Mosul. The network
is extended in a joint bundle with various types of transmission
lines across the third bridge in the city. Therefore, it was
necessary to conduct a study to ensure that the optical signal
was not affected by the magnetic field generated by the
electrical power transmission lines adjacent to the optical
network.

Researchers strive to meet the requirements of modern
communications by enhancing data speed and increasing the
distance between the sender and the recipient, Modern systems
require faster data transmission and an increase in the distance
between the sender and the receiver to save time and meet
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users’ needs for data as quickly as possible and at the lowest
cost, as the optical signal via optical fiber reaches very long
distances before the need to reshape the signal, thus saving the
cost of using signal repeaters frequently at short distances [4].
Several approaches are used to comprise wireless, such as high
frequency (millimeter-wave), and beamforming [5-7]. Or by
using several communication technologies together to support
the signal, especially at the edges of the cells. This is done by
wireless connection to several adjacent towers, in addition to
connecting the towers through optical fibers [8-10]. Optical
fibers are a reliable and fast data transmission method at the
present time, as the data transmission speed exceeds 10 Gb/s
while providing bandwidth [11-13]. When the bandwidth is
increased further, the cable prices rise, and the cost is only in
the process of building the network, as it is less vulnerable to
damage in the long run [14]. It is also a safe means of
transmitting data, as it is difficult to tap on glass with a
diameter of less than 1 mm without interrupting the
communication channel, and it is less vulnerable to theft, as it
has no material value like copper wire, and it is characterized
by lightweight and does not carry current, which means that it
does not pose a fire risk [1]. The effect of the magnetic field
on the optical signal is the main problem under the subject of
this research. At the end of the introduction, the research aims
to answer a specific question, which is does the magnetic field
significantly affect the optical signal?
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The paper discussed previous works after the introduction
and the importance of the topic. The third section included the
effect of electromagnetic waves on the optical signal. The
simulation results are in section 4, and the last section
represents conclusions and future work.

2. RELATED WORK

In this study, the researchers dealt with the interference
between electromagnetic waves and the optical signal
transmitted by optical fibers. The nine-channel WDM
wavelength division multiplexing technique was used. The
calculation method was applied based on the nonlinear
Schrodinger partial differential equation solution, and it is an
approximation method of light wave propagation in optical
fibers. Two different modulation methods were used with
three different data transfer rates. It showed that the increase
of the value of BER due to the influence of the magnetic field
is little, but it can be observed [15].

The researchers developed a broadband analog optical fiber
transmission system, studied the loss under the influence of
electromagnetic fields, and converted the ultra-fast pulsed
electric signal into an optical signal by means of photoelectric
conversions [16].

In the study conducted by Liu et al. [17], two different types
of gamma rays were used. The radiation-induced transient
losses of pulsed gamma rays impinging on single-mode and
multimode optical fibers were measured. Optical fiber
transmission schemes with several wavelengths such as
1550nm were used in the experimental measurement. The
results show that the radiation loss that the optical fiber is
exposed to depends on the type of fiber. The results indicate
that single-mode fibers may be affected to a lesser extent than
multimode fibers [18].

Royer et al. [19] presented a computational model for the
fiber-optical cable based on magnetic field sensors using the
magneto-optical effect of Kerr and Faraday on the pole
installation. IT suggested two sensors, one using a thin section
of Fe and the other using a Ce-YIG layer. The analytical model
based on the Fresnel equations was used to guide the
construction of the numerical model on COMSOL
Multiphysics. The results indicate the possibility of building
high-accuracy sensors for a limited range of magnetic field
strength levels.

This research aims to propose and simulate a fiber-optic
network by taking advantage of the aforementioned multiple
properties to connect the first and third campuses of the
University of Mosul, with a study of the effect of the magnetic
field on the optical signal transmitted through the optical fiber.

3. THE EFFECT OF ELECTROMAGNETIC WAVES

The proposed network extends across the third bridge of the
city of Mosul, which is the area where the electric power
transmission lines line up with the optical fibers linking the
network. Therefore, the effect of the magnetic field may
appear on the optical signal.

Electromagnetic wave fields surrounding fiber optic lines
affect the optical signal through two phenomena [15]:

3.1 Electro-optic Kerr effect

It is a physical effect based on the change of the refractive
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index of materials depending on the strength of the
electromagnetic field. This causes the refraction of light in the
carrier medium, and the intensity of the light beam passing
through the optical fiber itself plays a role in the strength of
the influence of the electromagnetic field on it [20].

The Kerr effect is proportional to the square of the electric
field output and depends on the medium's refractive index ()
with temperature (T). We find the value of the difference in
the n of the optical medium due to the electro-optical Kerr
effect by the equation [21]:

An = AK(A)E? (1)
An: the n difference inside the carrier environment.
A: wave length.
AK: Kerr coefficient.
E: electric field intensity.
1 (n? — 1?4+ 2) me

30 n kT

3.2 Faraday effect

The Faraday effect or Faraday rotation is a magneto-optical
phenomenon that occurs as an interaction between light and
the magnetic field in the medium. The Faraday effect causes
the rotation of the polarization state of the level of light
radiation. The chief condition for the Faraday -effect
occurrence is that the direction of the magnetic field is in the
same direction as the path of the light waves. It is worth noting
that the magnetic field is generated as rings surrounding the
cable of the electric waves. Therefore, the direction of the
magnetic field in the same direction as the light waves is not
achieved except in the case of perpendicular to the electrical
and optical waves, i.e., at the intersection of the optical cable
with the cable carrying electrical energy. Therefore, if the
intersection area is always small, then the Faraday effect is in
a limited area. The angle f at which this rotation occurs is
linearly proportional to the magnetic field directed in the
direction of light propagation. The following equation shows
the relationship between the angle of rotation of the
polarization state and the magnetic field.

B = dop 3)

§: Verdet constant.

B: magnetic field density.

d: the length of the path of interaction between the light and
the magnetic field.

3.3 Verdet constant

The Verdet constant is a physical property used to describe
the effect of a magnetic field on the polarization of light as it
passes through a material. When light travels through a
transparent material in the presence of a magnetic field, its
plane of polarization may rotate by an angle proportional to
the magnetic field strength and the length of the material. This
phenomenon is known as the Faraday effect, and the Verdet
constant quantifies the degree of rotation.

Mathematically, the relationship between the angle of
rotation (6) and the magnetic field strength (B) can be
expressed as follows:

O=V>BL (4)



6 angle of rotation in radians.

V: Verdet constant of the material (units: rad/(T*m)).

B: magnetic field strength in Tesla (T).

L: length of the material through which the light passes in
meters (m).

The Verdet constant is unique to each material and is
typically measured at specific wavelengths of light. It can vary
significantly depending on the material's composition and the
wavelength of light being used.

The Faraday effect and Verdet constant are essential in
various scientific and engineering applications, including
magneto-optical devices, fiber optic communications, and
experimental physics research involving magnetic fields and
light interactions.

The Verdet constant is one of the main factors associated
with the Faraday effect, which describes the rotation of the
polarization of light in certain media due to the magnetic field.
The Verdet constant VBO for a static magnetic field parallel to
the path of light transmitted in refractive Faraday materials for
a distance L with a constant wavelength A and a polarization
rotation angle 6y is related by the following relationship [19]:

6, =VBO(A)BL = VHO(L)HL (5)
B: magnetic field density.
H: magnetic field intensity.
B=u0H.
VHO = u0VB0 (6)
VHO: Verdet's H-field matter constant for rotation
polarization.

10: vacuum permeability.
3.4 Simulation steps
This work proposes an ideal simulation of connecting two

sites using fiber optic cable at a distance of 4683 meters with
a bridge over the river, as shown in Figure 1. Studying the
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Figure 1. Optical cable path

An optical channel was made using different components to
study the behavior of the optical link in terms of bit error rate
and Q factor in addition to other factors. The technique used
in the simulation was based on the non-return-to-zero (NRZ)
modulation. Simulations are made for a continuous wave (CW)
laser, and the optical network is designed as in Figure 2.
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Figure 2. Components of the proposed network
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A CW laser, or continuous wave laser, is a type of laser that
emits a continuous, steady output of light over time, as
opposed to pulsed lasers that emit light in short pulses. In a
CW laser, the emission of light remains constant as long as the
laser is powered on.

NRZ modulation which is a digital modulation technique
used in data transmission. In NRZ modulation, a logical high
(1) is represented by one level of the signal (e.g., a high
voltage), and a logical low (0) is represented by another level
(e.g., a low voltage). There is no return to a zero level during
the duration of each bit.

The optical system in the Figure 2 includes a bit sequence
generator through which we can change the data transfer rate.
The (Mach-Zehnder) modulator is used to load the modulated
electrical pulses onto the optical signal generated by the laser
source. The optical signal generated from the MZ converter is
transmitted via the optical cable (SMF) for a distance of 4683
meters. In this path, the exposed optical signal is affected by
the magnetic field through the Kerr and Faraday phenomenon.
The Faraday effect causes a rotation of the polarization state
of the plane of light radiation. The rotation process was
simulated using the (polarization phase shift) tool to represent
the polarization change of the signal. A polarization controller
is used on the receiver side to adjust the effect of the
polarization rotation and optical signal recovery.

4. SIMULATION RESULTS

The simulation circuit was run using optisystem7 software.
It included a simulation of the transmitting circuits, the
receiving circuits, and the optical transmission line using the
MZ modulation system with WDM wavelength division
multiplexing technology and the values of the variables as in
Table 1.

Table 1. The variables adopted in the design

Operation Parameters Values
Random bit sequence 2
Continues laser frequency 2
Modulation type Mach Zehnder modulator
Fiber optic length 4683 m
Fiber optic attenuation 0.2 dB/Km

The results are divided into two main parts: the results of
the transmitted signal, which consists of two cases, and the
other is the results of the received signal, which also consists
of two cases.

4.1 Results of the transmitted signal

The signal polarity changes across the optical transmission
line result of the Faraday effect or by changes in the refractive
index of the medium according to the Kerr effect. A gradual
decrease is observed in relation to the value of the Q
coefficient when increasing the angle of rotation of the polarity,
which is a negative indicator of the deterioration of the
condition of the light signal. At the same time, there is an
increased bit error rate which is also a negative factor. Here,
the effect of the magnetic field on the optical signal appeared
when the optical signal and the magnetic field were both in the
same direction (x-direction) shown in Table 2.
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Table 2. The magnetic field direction corresponds to the
direction of the optical signal

Magnetic- Effect — A® — X Direction

I)S‘Lliafgzg;“; %’[:c’io? M(‘;‘OE%R Eye Height Threshold
0 659352 1.55177  0.036230 _ 0.1083010
5 659353 1.55185 0362314  0.0108280
10 659349 1.55193 0362318  0.0108260
15 659330 1.55289  0.036231  0.0108240
20 659323 155444 0036231  0.010822
25 659302 1.55656  0.036231  0.0108206
30 659276 155924  0.036312  0.0108190
35 6.59244 156247  0.036230  0.0108177
40 659208 1.56624  0.036229  0.0108164
90 658649  1.626  0.036212  0.0108144

Table 3. The difference in the direction of the magnetic field
and the optical signal

Magnetic- Effect — A® — X Direction

PS(;II;.EZS;I? Il\T/Iaac’;O? M(lil OEF;R Eye Height  Threshold
0 6.5935 1.55175 0.036230 0.1083010
5 6.5935 1.55175 0.036230 0.0108301
10 6.5935 1.55175 0.036230 0.0108301
15 6.5935 1.55175 0.036239 0.0108301
20 6.5935 1.55175 0.036230 0.0108301
25 6.5935 1.55175 0.036230 0.0108301
30 6.5935 1.55175 0.036230 0.0108301
35 6.5935 1.55175 0.036230 0.0108301
40 6.5935 1.55175 0.036230 0.0108301

No No
change change

In the second case, as a result of the fact that the direction
of the magnetic field is not compatible with the direction of
the optical signal, no change occurred in the factors. In other
words, the magnetic field did not affect the optical signal, as
shown in Table 3.

4.2 Results of the received signal

A phase corrector is used on the receiving side to reduce the
effect of the magnetic field on the optical signal. In addition,
it tries to compensate for the phase difference and helps restore
the original signal. It is noted that the value of the coefficient
(Q) improves while the bit error rate decreases with the
increase in the modulation angle change value. Thus, the value
of the received optical signal improves, as shown in Tables 4
and 5.

Table 4. The horizontal rotation of the phase

Azimuth Rotation Phase Correction

Azimuth MaxQ  Min BER Eye

Rotation  Factor 101 Height Threshold
0 6.5935 1.55177 0.036230 0.1083010
5 6.5936 1.55087 0.036231 0.0108304
10 6.5938 1.54828 0.036232 0.0108310
15 6.5942 1.54412 0.036234 0.0108321
20 6.5948 1.53863 0.036237 0.0108336
25 6.5954 1.53209 0.036240 0.0108355
30 6.5961 1.52483 0.036244 0.0108377
35 6.5969 1.51720 0.036248 0.0108401
40 6.5976 1.50951 0.036252 0.010842
90 6.6018 1.46831 0.036274 0.010861




Table 5. The vertical rotation of the phase

Azimuth Rotation Phase Correction

Azimuth Max Q Min BER Eye
Rotation  Factor 10 1H Height Threshold
0 6.5935 1.55177 0.036230 0.108301
5 6.5936 155087 0.036231 0.010830
10 6.5938 1.54828 0.036232 0.010831
15 6.5942 1.54412 0.036234 0.010832
20 6.5948 1.53863 0.036237 0.010833
25 6.5954 1.53209 0.036240 0.010835
30 6.5961 1.52483 0.036244 0.010837
35 6.5969 1.51720 0.036248 0.010840
40 6.5976 1.50951 0.036252 0.010842
45 6.5984 1.50206 0.036255 0.010845

4.3 Simulation results using DWDM technology

This transmission technology is used to send the optical
signal over long distances exceeding 50 km while maintaining
the low influence of external factors on the optical signal, as it

gives good values for the factors influencing the quality of the
optical signal.

0 02 04 06 08 1

40
40

10
10

0 02 04 06 08 1
Time (bit period)

Figure 3. Signal quality factor due to DWDM effect

Signal quality factor (Q-Factor) with the DWDM effect:
The maximum value of the Q-factor of 40.5271 indicates
exceptionally high signal quality in the optical network, as
shown in Figure 3. A higher Q-factor indicates excellent
system performance with a strong signal-to-noise ratio,
resulting in reliable data transmission and minimal errors. It is
a positive indication of the network's ability to handle dense
wavelengths effectively.

Bit error rate (BER) due to DWDM: The smallest BER
value indicates that using DWDM achieves error-free
transmission, as shown in Figure 4. A bit error rate of almost
zero indicates no bit errors during data transmission. It is a
very robust and reliable communication system. It is an
excellent result, highlighting the network's ability to maintain
high-quality signal transmission across multiple wavelengths.

Threshold value with DWDM effect: The threshold value
0.0175413 represents the decision limits for bit detection in the
optical network. A low threshold value indicates that the
system has high sensitivity to signal strength levels, as shown
in Figure 5, enabling it to detect even weak signals or signals
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with low energy. A low threshold can be beneficial in
achieving accurate bit detection and reducing errors,
especially in a DWDM system with several channels nearby.
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Eye height due to DWDM effect: The measured eye height
of 0.0294991 indicates a relatively large vertical distance
between the highest and lowest points of the eye chart, as
shown in Figure 6. A high eye height shows that the received
signals have a large margin above the noise floor, enabling
reliable bit detection and improved resistance to attenuation. It
is a positive sign, indicating good signal quality and sufficient
signal strength, even with densely packed DWDM channels.

Overall, the presented results indicate a high-performance
optical network using DWDM technology. It has a high Q
factor, an error rate close to zero, a high eye height, a low
threshold, and a well-defined decision point. The network
demonstrates excellent signal quality, robustness, and reliable
data transmission capabilities, even with the challenges posed
by densely packed DWDM channels.

5. CONCLUSIONS

The optical fiber network was designed and simulated. The
effect of high voltage electrical wires on it was demonstrated.
This network was designed to suit the geographical area of

Mosul city. The length of the proposed network is 4683 meters.

From the simulation results, the following can be seen:

The optical signal is affected by the magnetic field resulting
from the high voltage when it is in the same direction.

The influence of the magnetic field (Kerr or Faraday) leads
to a deterioration in the value of the Q factor and an increase
in the bit error rate for the optical signal.

Using the phase corrector on the receiving side, the field
effect is reversed, the Q-factor value is improved, and the bit
error rate is reduced. Thus, the original signal required is
restored with the data arriving correctly.

Simulation results indicate that the effect of the magnetic
field on the optical signal is very small and within acceptable
limits with regard to the current frequencies, but it may
become a problem with the development of working
frequencies later.

The quality of the proposed design of the optical network
with good performance using DWDM technology.

Currently, work is underway to study the change of results
using optical signal amplifiers.
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NOMENCLATURE

B

Magnetic field density, m.s™

675

D The length of the path of interaction between the
light and the magnetic field, m

E Electric field intensity

H The magnetic field intensity

WDM  Wavelength division multiplexing, K-!

Greek symbols

B The rotation angle, degree

(2] Verdt constant

A Wavelength, m

Subscripts

VED Verdet's H-field matter constant for rotation
polarization

AK Kerr coefficient

w0 Vacuum permeability





